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Strategic use of sulphur in integrated pest and disease
management (IPM) programs for grapevines
Abstract
This project was established to address industry concerns about the indiscriminate use of
sulphur, its inconsistent control of powdery mildew and mites on grapevines and the need to
develop strategies for the optimum use of sulphur in vineyards. In spray programs with
sulphur and other fungicides, the application of a demethylation inhibiting fungicide just
before and just after flowering provided optimum powdery mildew control. When the rate of
wettable sulphur application was increased by up to three times the recommended rate, the
total amount of sulphur on leaves and the efficacy of sulphur sprays for powdery mildew
control increased. As a consequence, some manufacturers have increased recommended
application rates of sulphur formulations to improve powdery mildew control in vineyards.
High infestations of rust and/or bud mites on vines caused symptoms of “restricted spring
growth” (RSG), a disorder previously attributed to other factors. Most rust mites overwintered in the bark of vines instead of in buds as previously assumed. Rust mite populations
and RSG were controlled by a high volume spray of wettable sulphur and canola oil applied
to vine bark at the mid-late woolly bud stage of Chardonnay vines, when the temperature was
at least 15°C. Molecular studies of mite populations revealed that bud and blister mites are
distinct species, instead of two forms of bud mite. Markers for bud and blister mites were
developed as a basis for improved diagnostic tests. Sulphur was harmful to released and
resident Trichogramma wasps that parasitise lightbrown apple moth in vineyards. Improved
industry recommendations, based on the findings from this research, cover the use of sulphur
in spray programs for powdery mildew control, the management of rust and bud mites, and
strategies for minimising the effects of sulphur on the biological control of lightbrown apple
moth.

Executive Summary
Sulphur is widely used to control powdery mildew and mites in Australian vineyards.
Continued use of sulphur in spray programs is important to prevent the development of
resistance to newer fungicides and ensure optimum control of powdery mildew. This
research and development (R&D) project was established to address industry concerns about
the indiscriminate use of sulphur and its inconsistent control of powdery mildew and mites.
There was a need to clarify the effects of factors influencing the performance of sulphur and
develop strategies for the optimum use of sulphur in vineyard IPM programs.
Objectives of the project were to (1) develop and evaluate monitoring and application
strategies for the optimal use of sulphur in integrated pest and disease management (IPM)
programs for grapevines, (2) examine the interaction between wettable sulphur and grapevine
powdery mildew, (3) examine the biology of rust and bud mites and develop diagnostic and
monitoring techniques for IPM, and (4) examine the effects of sulphur on the efficacy of
Trichogramma wasps as biological control agents for lightbrown apple moth.
Documented information and commercial knowledge of sulphur and its use for the control of
powdery mildew on grapevines were reviewed, especially in relation to sulphur fungicide
formulations, mode of activity, phytotoxicity, degradation, efficacy and the use of sulphur in
spray programs to reduce the development of fungicide resistance. Key findings from
research in this project are outlined below.
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In field studies of the efficacy of sulphur spray programs, different sulphur formulations (ie.
wettable powder, dry flowable or liquid flowable formulations) provided similar control of
powdery mildew when applied at an equivalent rate of active sulphur. The addition of
adjuvants to spray solutions of wettable sulphur did not improve disease control on bunches
when sprays were thoroughly applied. In most trials, the efficacy of wettable powder or dry
flowable formulations was improved when the recommended application rate was increased
by two or three times. The efficacy of spray programs with sulphur at the higher rates was
similar to that of spray programs with sulphur (at the recommended rate) and a demethylation
inhibiting (DMI) fungicide. The latter spray programs provided optimum disease control
when the DMI fungicide was applied just before and just after flowering.
Good coverage of sulphur sprays on vine foliage was required for effective powdery mildew
control. The total amount of sulphur and the rate of sulphur degradation on grapevine leaves
were higher at higher application rates. Sulphur from a single, thoroughly applied spray of
wettable sulphur at three times the recommended rate, persisted and provided good control of
powdery mildew for more than 50 days. The rate of sulphur degradation was not affected by
temperature (15-30oC).
Slight sulphur phytotoxicity on young vine foliage occurred when there was a combination of
high temperature, spray application rate and relative humidity just after spraying. However,
in this project, wettable sulphur (at up to three times the recommended application rate) was
applied without phytotoxicity, even at high temperatures (up to 44oC), when the relative
humidity was less than 70%.
In studies of rust mites on grapevines, most mites over-wintered in the bark of vine cordons
and crowns, not in buds as previously assumed. High populations of over-wintered mites
moved onto new shoots in spring and caused symptoms of restricted spring growth (RSG, ie.
leaf distortion and reduced shoot growth). Very high mite populations reduced vine yield.
Rust mite populations and RSG were controlled by a high volume spray of wettable sulphur
and canola oil applied to vine bark at the mid-late woolly bud stage of vines, providing the
temperature was at least 15°C. Single sprays of wettable sulphur at woolly bud or just after
bud burst also controlled rust mites. Canola oil or sulphur and canola oil sprays could not be
used after the late woolly bud stage, because they caused severe phytotoxicity on emerging
shoots and damaged next season’s buds. Wettable sulphur sprays applied at two weeks after
bud burst or later in the season did not provide satisfactory control of rust mites and RSG.
Bronzing of vine foliage in late summer, caused by high populations of rust mites, indicated
the need to spray for rust mite control before bud burst in the following season. Some
fungicides (eg. mancozeb) were highly toxic to predatory mites and excessive use of these
fungicides in vineyards promoted outbreaks of rust mites.
Preliminary studies of bud mites on grapevines showed that clustered mite infestations
contributed to RSG by causing the winter bud necrosis, bud failure and distorted shoot growth
in spring. Applications of wettable sulphur and canola oil or lime sulphur at the woolly bud
stage of vines did not control bud mite populations, highlighting the need for alternative
control strategies.
Molecular studies of mite populations revealed that bud and blister mites are distinct species,
instead of two forms of bud mite. Markers for bud and blister mites were developed as a
basis for improved diagnostic tests.
Sulphur adversely affected released and resident Trichogramma wasps used to control
lightbrown apple moth in vineyards. However, the release of Trichogramma wasps six days
after sulphur was applied to vines (at the recommended rate) reduced the harmful effects of
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sprays on the released organisms. Use of other chemicals was the only way to avoid the
harmful effects of sulphur sprays on resident Trichogramma wasps in vineyards.
Improved industry recommendations, based on findings from research in the project, support
the continued use of sulphur (at recommended and increased application rates) and other
fungicides in spray programs to improve the control of powdery mildew.
New
recommendations for more effective and efficient control of rust mites, bud mites and RSG,
and for minimising mite outbreaks and the effects of sulphur on the biological control of
lightbrown apple moth are presented. Initial adoption of many of these recommendations by
industry has occurred already. Recommendations for future R&D include further research on
the degradation of sulphur on grape berries, sulphur phytotoxicity, mite identification, the
biology and management of bud mites and the effects of other pesticides on mite predators
and mite outbreaks in vineyards.
Information on the optimum use of sulphur for the control of powdery mildew and mites in
vineyards was communicated through more than 100 presentations at industry and scientific
conferences, seminars, workshops, discussion group meetings and field days in Victoria,
South Australia, Western Australia, New South Wales, France, Switzerland, USA and New
Zealand. Publications relating to work on the project included more than 40 project reports,
articles in industry and scientific journals, and papers in the proceedings of scientific and
industry conferences and workshops.
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Technical Summary
Industry issues
Sulphur is a low cost, multi-site fungicide that is widely used to control powdery mildew
(Uncinula necator) and mites in Australian vineyards. Continuation of the use of sulphur in
spray programs is important to prevent the development of powdery mildew resistance to
newer single-site fungicides and ensure optimum disease control in vineyards.
Many grape growers apply sulphur frequently and indiscriminately because of its low cost.
Potentially, this over-use can lead to unnecessary residues in produce and adverse effects on
beneficial insects and organisms and the environment.
Some grape growers have reported inconsistent control of powdery mildew with sulphur.
This may have resulted from a variation in the efficacy of formulations, the use of wetting
agents or adjuvants, poor spray application (rate and coverage) and/or effects of weather
conditions.
In recent years, many grape growers have also moved away from the use of lime sulphur at
vine woolly bud stage for mite control because the spray is expensive, undesirable to use and
adversely affects predatory mite populations. Most growers now rely on wettable sulphur
sprays applied early in the season and the activity of predatory mites for the control of pest
mites (eg. bud, blister, bunch and rust mites). Mite problems, however, are still common in
some vineyards. This may be a result of some sulphur formulations not being active against
mites, the reduced use of sulphur and/or the adverse effects of newer fungicides or pesticides
on naturally occurring populations of predatory mites.
In view of the above, research was required to:
• re-examine the efficacy of sulphur for powdery mildew and mite control,
• clarify the effects of factors influencing the performance of sulphur, and
• develop strategies for the optimum use of sulphur in vineyard IPM programs that also
minimise the potential for residues in grape products.

Research and development (R&D) strategies
Two complementary projects were established to address the required research and
development (R&D). These projects were:
(1) Grape and Wine Research and Development Corporation (GWRDC) Project DAV
98/1 – Strategic use of sulphur in integrated pest and disease management (IPM)
programs for grapevines, and
(2) Horticulture Australia (HA) Project DG 99001 (formerly DG 01002) – Strategic use
of sulphur in disease and pest management programs for dried vine fruit production.
Objectives of GWRDC Project DAV 98/1 were to:
• Develop and evaluate strategies for the optimal use of sulphur in IPM programs for
grapevines (with reference to monitoring, timing of sprays, rates, regional variation,
and resistance).
• Examine the interaction between wettable sulphur and grapevine powdery mildew
(with reference to particle size, temperature, humidity and residues).
• Examine the biology of bud and rust mites and develop diagnostic and monitoring
techniques for IPM.
• Examine the effects of sulphur on the efficacy of Trichogramma wasps as a
biological control agent for lightbrown apple moth.
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Objectives of HA Project DG 99001 were to:
• Develop and promote strategies for the optimal use of sulphur in disease and pest
management programs for dried vine fruit production,
• Examine the effects of sulphur with and without wetting agents or adjuvants on the
development of grapevine powdery mildew, and
• Study the degradation of sulphur on grapevine foliage.
This report covers outcomes of GWRDC Project DAV 98/1 with some reference to the
outcomes of HA Project DG 99001, especially in relation to the effects of adjuvants on the
efficacy of sulphur for powdery mildew control.

Summary of R&D outcomes
[Note: In the summary below, Thiovit 1R, 1.5R, 3R, 6R and 7.5R refers to the sulphur
formulation Thiovit® at 1, 1.5, 3, 6 and 7.5 times the recommended application rate
(200g/100L), respectively. The recommended rates are those recommended by manufacturers
when the project commenced].
Effects of spray programs containing fungicides with different chemistry on the development
of powdery mildew on grapevines
• When disease pressure was high, spray programs with sulphur (Thiovit 1R) and a
demethylation inhibiting (DMI) fungicide (Topas®) provided better disease control than
programs with sulphur alone.
• In sulphur and DMI spray programs, the application of the DMI fungicide just before and
just after flowering provided optimum powdery mildew control.
• Spray programs using fungicides with three different types of chemistry (ie. Thiovit®,
Topas® and Amistar® or Legend®) controlled powdery mildew on bunches more
effectively than programs using fungicides with one or two types of chemistry (ie.
Thiovit®, or Thiovit® and Topas®, respectively).
Sulphur formulations, particle size and activity
• Documented information and commercial knowledge of sulphur formulations and their
use for the control of powdery mildew on grapevines were reviewed.
• Sulphur formulations included dusts, wettable powders, dry flowable wettable granules
(micronised sulphurs) and liquid flowables. Types of formulation differed with respect to
particle size, which can affect persistence (degradation) and efficacy.
• It is generally accepted that the efficacy of sulphur for powdery mildew control is related
to contact and vapour activity. Contact activity appears to have a minor role in the
efficacy of sulphur products. Vapour activity has a major role but is temperature
dependent. Below 15oC, sulphur activity is confined to contact activity because vapour
activity is negligible.
Effects of sulphur formulations on the development of grape powdery mildew.
• In field trials, the efficacy of different sulphur formulations [ie. a wettable powder
(Sulfine®), a dry flowable, micronised wettable granule formulation (Thiovit®) or a
flowable liquid (Headland Flowable Sulphur®)] was similar when applied at an equivalent
rate of active sulphur in spray programs for powdery mildew control.
• In most trials, the efficacy of Sulfine® or Thiovit® was improved when the recommended
application rate was increased by two or three times.
Effects of adjuvants on the efficacy of sulphur for powdery mildew control (Summary of the
outcomes of R&D in HA Project DG 99001)
• Various types of adjuvants can be used with fungicide sprays. These include
wetter/spreaders (eg. Citowett®), oils (eg. Synertrol® Oil) and sticker/extenders (eg.
Bond®).
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•

•

The addition of adjuvants [ie. Citowett®, Synertrol® Oil or Bond®] to spray solutions of
wettable sulphur (Thiovit®) did not improve the control of powdery mildew on bunches,
when sprays were thoroughly applied. However, spray programs with Thiovit® and
Bond® reduced disease severity on leaves more than programs with Thiovit®, Thiovit®
and Citowett®, and Thiovit® and Synertrol® Oil.
Spray solutions of Thiovit® and Synertrol® Oil caused phytotoxicity on young vine
foliage in some trials when sprays were applied at two weeks after bud burst.

Effects of temperature and application rates on the degradation of sulphur on grapevine
leaves.
• The total amount of sulphur on grapevine leaves increased when application rates of
wettable sulphur [Thiovit 1.5R, 3R or 6R] were increased.
• The rate of sulphur degradation on leaves was similar at all temperatures [15oC, 20oC,
25oC or 30oC] for each application rate.
• However, rates of sulphur degradation were higher at higher application rates.
• When wettable sulphur is applied to leaves at up to three times the recommended rate,
sulphur deposits may attach to cuticular waxes on the leaf surface and slowly degrade.
• At higher application rates, some sulphur deposits may attach to other sulphur deposits
instead of to waxes on the plant surface and may degrade or become dislodged at a higher
rate.
Effects of temperature and application rates on the efficacy of sulphur for powdery mildew
control.
• The efficacy of Thiovit 1R was slightly lower at 15oC than at 20oC and 30oC.
• Increasing the application rate of sulphur from Thiovit 1R to Thiovit 2R improved
efficacy at 15oC and 20oC.
• Good coverage of sulphur sprays on vine foliage was required for effective powdery
mildew control.
• Almost complete control of established powdery mildew was achieved when sulphur
treatments were applied to provide even and complete coverage of the leaf surface.
• When spray coverage was uneven and incomplete, control of powdery mildew was
improved by increasing the application rate of sulphur from Thiovit 1R to Thiovit 2R.
• In most trials, treatment programs with Thiovit 3R and Thiovit 6R reduced disease
incidence on leaves more than spray programs with Thiovit 1R and Topas®.
Effects of temperature and application rates on the phytotoxicity of sulphur on grapevines.
• Sulphur phytotoxicity on vine foliage was influenced by temperature, the rate of wettable
sulphur application and relative humidity (RH) just after spraying.
• Sulphur phytotoxicity (slight burning on young vine leaves) occurred with Thiovit 1R and
Thiovit 3R only when RH exceeded 75%, despite temperatures of more than 40oC.
• Wettable sulphur was phytotoxic at lower RH (viz 44oC, RH 63%) only with Thiovit
7.5R.
• Wettable sulphur (Thiovit®) was used at up to three times the recommended application
rate without phytotoxicity, even at high temperatures (up to 44oC), when RH was less than
70%.
Degradation of sulphur and the control of powdery mildew on grapevine foliage
• Estimated increments of sulphur (beyond the background level) on leaves just after spray
application were lower when leaves on vines were sprayed with Thiovit 1R using a
commercial air-mist sprayer than when both sides of leaves were thoroughly handsprayed.
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•

When leaves were sprayed with the commercial air-mist sprayer, the estimated time for
the sulphur level to return to the average background level on leaves treated with Thiovit
1R was 27 days.
When leaves were hand-sprayed, the estimated times for sulphur levels to return to
average background levels on leaves treated with Thiovit 1R and Thiovit 3R were 44-48
and 50-66 days, respectively.
Hand-sprayed treatments with Thiovit 3R reduced powdery mildew more effectively than
treatments with Thiovit 1R for at least 53 days.
Sulphur degradation on leaves was not affected by simulated rainfall of 10mm applied 24
hours after treatment with Thiovit 1R.

Movement, distribution and effects of rust mites on grapevines.
• Most rust mites (Calepitrimerus vitis) over-wintered in the bark of vine cordons and
crowns instead of in buds as previously assumed.
• The start of rust mite movement in spring from winter shelters in bark to new shoots
coincided with the woolly bud stage of Chardonnay vines. The summer and autumn
movement of mites commenced in early February.
• High populations of rust mites that had over-wintered caused symptoms of restricted
spring growth (RSG, ie. leaf distortion and reduced shoot growth). Very high mite
populations reduced the yield of grapevines.
• High rust mite infestations caused bronzing of foliage in late summer. Bronzing over at
least half of the vine canopy across a block of vines in late summer was an indication of
the need to spray for rust mite control before bud burst in the following season.
• The distribution of rust mites over-wintering in grapevine buds followed no particular
pattern. Rust mite predators within buds included phytoseiid predatory mites and larvae
of red thrips (Haplothrips victoriensis).
Preliminary studies of the effects of bud mites on grapevines
• Apical meristems of primary and, often, secondary buds were dead in unburst buds with
high populations of bud mites (Colomerus vitis). The remaining living tissue in the
unburst buds was characteristically scarred.
• Clustered infestations of bud mites are likely to be responsible for the winter bud necrosis
and bud failure components of RSG, and distorted shoot growth in spring
Effects of sulphur and other fungicides on populations of pest and predatory mites
Rust mites
• Rust mite populations and RSG were controlled by a high volume spray (900L/ha) of
wettable sulphur (0.66% Top Wettable Sulphur or Thiovit) and canola oil (2.02 %
Supastik) applied at the mid-late woolly bud stage of Chardonnay vines, or at the bud
swell to mid-late woolly bud stage of Cabernet Sauvignon vines, when the temperature
was at least 15°C. The spray was applied to coincide with the spring migration of rust
mites on these grapevine varieties.
• [The treatment was equivalent to 0.6% Top Wettable Sulphur or Thiovit (at 600g/100L
or 6kg/ha) and 2% Supastik (at 2L/100L or 20L/ha) when a ‘dilute’ spray volume of
1000L/ha was applied].
• The spray reduced leaf crinkling on vine shoots in spring by 61% (from 65% to 4%).
• Lower reductions of 51% and 32% in the severity of leaf crinkling were recorded on
vines sprayed with sulphur (0.66% Top Wettable Sulphur or Thiovit) alone at 900L/ha,
and a mixture of sulphur (0.9% Top Wettable Sulphur or Thiovit) and canola oil
(2.02% Supastik) at 500L/ha, respectively.
• Sulphur and canola oil spray mixtures could not be applied after the late woolly bud stage
because they caused severe phytotoxicity on emerging green tissue and damaged next
season’s bud primordia.
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Bud mites
• Applications of sulphur and canola oil or lime sulphur at the woolly bud stage did not
provide adequate control of bud mites.
• This highlighted the need for alternative control strategies.
Predatory mites
• A laboratory bioassay was developed for testing the effects of pesticides on Euseius
victoriensis, an important predator of rust and bud mites.
• On the basis of bioassays, boscalid (Filan 500 WG), dithianon (Delan 700 WG) and
kresoxim-methyl (Stroby 100 WG) were classified as harmless to E. victoriensis.
• In contrast, mancozeb (Mancozeb 750 WG) and metiram (Polyram 700 WG) were
classified as highly toxic.
• The latter fungicides were considered to be incompatible with IPM programs that use E.
victoriensis because the secondary action of these fungicides can decimate natural
populations of these mite predators and, as a result, promote outbreaks of rust mites.
• Removal of these sprays from seasonal spray programs may, over time, allow grape
growers to eliminate all sprays for the control of rust mites from spray programs without
sustaining RSG and yield losses caused by the mites.
Development of species specific markers against Eriophyoid mites in grapevines
• Genetic differentiation of mite populations through the use of Restriction Fragment
Length Polymorphism (RFLP) of the Internal Transcribed Spacer (ITS) 1 revealed that
bud mites and blister mites were two closely related but distinct species and not two
forms of bud mite as previously assumed.
• Micro-satellite markers were developed as a basis for improved diagnostic tests and more
intensive genetic studies of bud mite and blister mite populations.
Effects of sulphur on parasitism of lightbrown apple moth by Trichogramma carverae
• Sulphur was harmful to adult and immature stages of Trichogramma wasps (T. carverae,
T. funiculatum) used for the biological control of lightbrown apple moth in vineyards.
• Persistence trials showed that release of Trichogramma wasps six days after sulphur has
been sprayed will reduce the harmful effects of sprays on the released organisms.
• However, to avoid the impact of sulphur sprays on resident Trichogramma parasitoids in
vineyards, other chemicals should be used.

Communication of research

• Information about sulphur and its optimum use for the control of powdery mildew and
mites in vineyards was communicated to scientific and industry audiences through more
than 100 presentations and more than 40 publications.
• Presentations included those given to wine grape producers and chemical industry
representatives at industry seminars, workshops, discussion group meetings and field days
in Victoria, South Australia, Western Australia and New South Wales. Oral and poster
presentations were also given at international scientific and industry meetings, workshops
and conferences in France, Switzerland, USA and New Zealand.
• Publications relating to work on the project included reports for project stakeholders and
industry, articles in industry and scientific journals, and papers in proceedings of scientific
and industry conferences and workshops.

Recommendations for industry
Powdery mildew management
Recommendations for the strategic use of sulphur for powdery mildew control in vineyards
were as follows.
• Where possible, the timing and number of sprays applied for powdery mildew control
should be adjusted to patterns of expected disease activity, based on district experience
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and/or weather-based disease forecasts. This should increase the efficiency of spray
programs. Excessive use of sulphur or other fungicides is undesirable because of
unnecessary adverse side effects on biological control organisms in vineyards.
High volume wettable sulphur sprays for rust mite control, thoroughly applied to the
bark and frame of vines when temperatures are at least 15oC at the woolly bud stage or
just after bud burst (see ‘Sprays for rust mite control’ below), should also reduce
populations of over-wintering powdery mildew cleistothecia and may delay disease
appearance in spring. In particular, this is likely to apply to cool climate vineyards,
where large numbers of cleistothecia that over-winter in vine bark are the main source
of primary inoculum each season.
In warm climate vineyards (eg. in the Sunraysia or Riverland districts), sprays of
sulphur or alternative fungicides for powdery mildew control should be applied at 2
weeks after bud burst (when shoots are around 10cm with 5-6 separated leaves), at 4
weeks after bud burst (when shoots are around 20-30cm with 8-10 separated leaves), at
6-7 weeks after bud burst (at pre-flowering when shoots have 12-14 leaves) and/or at 810 weeks after bud burst (at berry set or post flowering, when berries are around 2mm).
In cool climate vineyards, three sprays of wettable sulphur or alternative fungicides
should be applied at regular intervals before flowering. In some seasons, the
commencement of spray programs may be delayed and/or intervals between sprays
extended because of periods of reduced vine growth in cold weather.
Further sprays at 2-3 week intervals from berry set to berry softening may be needed,
especially in disease-prone vineyards, to protect young berries, bunch stems and foliage
from mid season infection.
Use of wettable sulphur at the recently introduced, highest recommended rate of
application for powdery mildew control (ie. 600g/100L) should increase the persistence
of sulphur on vine foliage and increase disease control.
Adjuvants such as wetter/spreaders or oils do not need to be tank mixed with sulphur
sprays.
Sulphur fungicides (eg. Thiovit at 200g/100L or 600g/100L) can cause phytotoxic
effects on vine foliage and bunches in some circumstances, especially when relative
humidity exceeds 75% and temperatures are above 30oC. This should be considered
when sprays are applied in vineyards.
The application of 1-3 correctly timed demethylation inhibiting (DMI) fungicide sprays
in sulphur spray programs should improve the control of powdery mildew, especially
when sulphur is applied at 200g/100L.
Spray programs with sulphur and fungicides with at least two other types of chemistry
may also provide better disease control than programs with sulphur alone, especially
when sulphur is applied at 200g/100L.
In sulphur and DMI fungicide spray programs, DMI sprays should be applied before
and after flowering for optimum control of powdery mildew in most seasons.
In the absence of information on the effects of higher sulphur application rates on the
persistence of sulphur on grape berries and residues in wine grapes, growers should
follow wine industry recommendations for sulphur spray withholding periods where
required.
Post-harvest sulphur sprays may be worthwhile in some vineyards to maintain the
health of vine foliage between harvest and leaf fall, especially if there is a long period
between harvest and leaf fall. However, careful consideration should be given to the
need for these sprays because their application may, unnecessarily, adversely affect
populations of predators of pest mites in vineyards.
In addition to the above recommendations, efficient and effective powdery mildew
control is reliant on good spray coverage on vine canopies and bunches.
In particular, grape growers should account for vine canopy size and architecture
(through the use of unit-canopy-row, distance-based calibration or other techniques)
when adjusting spray rates and volumes. They should also follow product
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manufacturer’s recommendations, especially for maximum concentration factors in
relation to sulphur spray volumes, and use efficient and correctly calibrated spray
machinery.
• Research in this project and other projects has shown that an adequate dose of sulphur
(or an alternative fungicide) is required on the surface of all vine foliage and bunches to
prevent powdery mildew development.
Rust mite management
Recommendations for the strategic use of sulphur for rust mite control in vineyards were as
follows.
Monitoring mite activity to indicate spray need
• Bronzing of vine foliage in late summer is a reliable indication of large rust mite
populations that will cause damage on shoots in the following spring. Bronzing over at
least half the vine canopy across a block indicates that a spray for rust mite control is
required before bud burst in the next growing season. Absence of bronzing (at least in
seasons with hot summer conditions) is a good indicator that there is no need to apply
woolly bud sprays in the following spring.
• Spring rust mite damage (leaf crinkling and distortion, and reduced shoot growth) should
be assessed, recorded and used routinely to indicate the effects of spray programs on mite
activity each season and the need to reduce the use of particular fungicides and/or
insecticides.
• Outbreaks of rust mites are more likely to have been induced by the use of some
fungicides or insecticides during the season, if bronzing of foliage occurs at the end of the
season, and there was no mite damage on shoots in early spring and no bronzing of
foliage in the previous autumn.
Sprays for rust mite control
• For successful rust mite control, a spray of wettable sulphur and canola oil (as indicated
below) should be applied at the onset of mite migration, when the mites are exposed
during their movement onto new shoots, and before they feed, cause shoot damage and
lay their eggs.
• The onset of migration coincides with woolly bud on Chardonnay vines and bud swell to
woolly bud (preferably not at late woolly bud) on Cabernet Sauvignon vines. For other
vine varieties with bud development between that of Chardonnay and Cabernet
Sauvignon, sprays should be applied in the period from the woolly bud stage in
Chardonnay vines to the woolly bud stage for each variety.
• High volume sprays (from 900 to 1000L/ha) should be applied to thoroughly wet the
thickest bark of cordons and vine crowns. Higher volumes may be required in very old
vines and lower volumes may suffice in young vines.
• Wettable sulphur (eg Top Wettable Sulphur® or Thiovit®) should be applied at 6kg/ha or
600g/100L per 1000L/ha and canola oil (eg. Supastik®) should be applied at 20L/ha or
2L/100L per 1000L/ha.
• Higher rates of wettable sulphur should not be used for the woolly bud spray because the
excessive use of wettable sulphur may adversely affect populations of predatory mites,
lightbrown apple moth parasitoids such as Trichogramma wasps, and other beneficial
insects in Australian vineyards.
• When applying wettable sulphur sprays for rust mite control, the temperature must be at
least 15°C at the time of application and for a few hours afterwards to ensure sulphur
vapour activity. The vapour action of sulphur is required for the success of sprays at
woolly bud because many rust mites are still hidden in their winter shelters in vine bark.
• The application of wettable sulphur and canola oil mixtures for rust mite control after the
woolly bud stage is not recommended because these sprays cause phytotoxicity on green
grapevine tissues.
• Other less effective options for rust mite control include the application of a high volume
spray of wettable sulphur or canola oil at the woolly bud stage. A high volume spray of
wettable sulphur (at the label rate for mite control) could be used just after bud burst if a
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spray of sulphur and/or canola oil could not be applied at the woolly bud stage because of
rain, temperatures below 15°C and/or the rapid onset of bud burst.
Sprays that adversely affect mite predators and promote rust mite outbreaks
• Some fungicide and insecticide sprays promote rust mite outbreaks because their
unintended secondary action decimates natural populations of predators of rust mites.
• Spray chemicals that adversely affect rust mite predators are some dithiocarbamate
fungicides, especially mancozeb and mancozeb mixtures (eg. Mancozeb, Dithane,
Acrobat, Bryzeb, Manzate, Penncozeb, Recoil and Galben), benzimidazole
fungicides such as benomyl (eg. Benlate) and carbendazim (eg. Bavistin and Spin),
lime sulphur, chlorpyrifos (eg. Lorsban) and pyrethroid insecticides. Repeated use of
mancozeb can lead to rust mite outbreaks and bronzing of foliage in late summer, and
mite damage on shoots in the following spring.
• Elimination of these sprays from spray programs should prevent rust mite outbreaks over
time. Less toxic alternatives that have been evaluated so far include Delan (dithianon),
Filan (boscalid), Stroby (kresoxim-methyl) and, to a lesser extent, Polyram (metiram).
Delan, Filan and Stroby can be substituted for mancozeb with minimal effect on rust
and bud mite predators. Polyram can also be used instead of mancozeb because its
effect on some predatory mites is less than that of mancozeb, but overuse is not
recommended.
Sprays that do not successfully control rust mites
• Wettable sulphur sprays (up to 400g/100L) applied at two weeks and five weeks after bud
burst do not significantly reduce numbers of rust mites and prevent damage to shoots in
spring because mite feeding on shoots has already occurred before the sprays are applied.
• Post harvest sprays of wettable sulphur (up to 600g/100L at a spray volume of 1000L/ha).
directed onto vine canopies do not contact and control rust mites because, by this time,
the mites have already moved from vine foliage to their winter shelters under the bark of
vine cordons.
Bud mite management
Preliminary recommendations for the strategic use of sulphur for bud mite control in
vineyards were as follows.
• For the control of bud mites, it is suggested that a high volume spray of wettable sulphur
at the label rate for mite control after bud burst (eg. 200g/100L Thiovit), should be
applied between 100% bud burst, at the first and second basal nodes, and one week after
bud burst. Sprays should be applied to thoroughly cover young shoots.
• Evidence of bud mite control will not be visible until the following spring because
symptoms on buds and shoots in spring are a result of bud damage that occurred in the
previous year.
• The use of mancozeb and other sprays harmful to rust mite and bud mite predators is not
recommended.
• The application of a lime sulphur spray at the advanced woolly bud stage for bud mite
control is not recommended. This spray does not reduce populations of bud mites in buds
and adversely affects beneficial insects and mites in vineyards.
• When monitoring mite damage on grapevines, blister mites and bud mites should be
regarded as separate species rather than different forms of bud mite (Colomerus vitis).
Lightbrown apple moth biological control
Recommendations for the use of sulphur in relation to the biological control of lightbrown
apple moth were as follows.
• If Trichogramma parasitoids (T. carverae) are released in vineyards to control lightbrown
apple moth (LBAM), releases should be conducted at least six days after the application of
wettable sulphur (at 200g/100L) to minimise the effects of the sulphur spray on the
released organisms.
• To avoid the effects of sulphur sprays on resident Trichogramma parasitoids in vineyards
(ie. T. carvera and/or T. funiculatum), other chemicals should be used.
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Recommendations for future R&D
Further R&D in the following areas would provide benefits for industry.
Degradation of sulphur on grape berries.
(1) The degradation of sulphur on grapevine leaves was studied in this project. Residues on
leaves after a single spray were persistent and their rate of degradation was influenced by
application rate. Similar degradation studies are required for sulphur on grape berries. The
deposition and degradation of sulphur on the surface of grape berries is likely to be different
to that on leaves.
(2) With the introduction of higher application rates, sulphur residues on fresh and dried
grapes are likely to be higher if sulphur sprays at the higher rate are applied later in the season
and before harvest. The implications of this for grape product quality should be clarified.
Potential sulphur residue problems could be addressed by restricting the use of sulphur at
higher application rates to earlier in the season, but further R&D is needed to support this
strategy.
Sulphur phytotoxicity
(1) Studies in this project provided some information about factors associated with sulphur
phytotoxicity. Further R&D is needed, however, to increase understanding of the interaction
between factors such as temperature, humidity and/or sulphur application rates that promote
phytotoxicity. The condition of vines when sprays are applied may also warrant
consideration. Increased knowledge of conditions associated with phytotoxicity would be the
basis for providing more definite advice on how to consistently prevent sulphur damage to
vines.
Effects of pesticides on predators of pest mites and insects in vineyards
(1) More information is required on the effects of registered pesticides on predators of mite
and insect pests in vineyards, in addition to knowledge developed in this project. This
information will allow grape growers to select spray chemicals that are less toxic to key
predators of rust mites, bud mites and other pests. This will ensure that outbreaks of pests
like rust and bud mites are not promoted by the inappropriate use of chemicals. Also, in the
long term, fewer sprays will be used for sustainable pest control.
Biology and management of bud mites on grapevines.
(1) Although preliminary recommendations for the control of bud mites have been developed
on the basis of current knowledge, further research on the biology and management of bud
mites is needed to consolidate these recommendations. Periods of mite exposure to sprays on
different varieties and optimum rates of sulphur required for bud mite control should be
determined.
(2) Poor bud burst on Merlot and some other grapevine varieties should also be investigated
to see if these conditions are caused by bud mites.
Mite identification
(1) Often bud dissection services do not provide accurate information on type of mites found
inside dormant buds. As a result, most growers cannot decide if they need to apply sprays for
mite control when reports indicate that unidentified mites are present. These unidentified
mites could be rust mites, bud mites, other pest mites or predators of these mites. Training
workshops on mite identification and bud dissection would assist grape growers and
consultants.
(2) Potentially, more rapid tests for the presence of bud mites in dormant buds could also be
developed using the genetic markers produced in this project. This would reduce the need for
time consuming bud dissections to assess mite populations and spray requirements before bud
burst.
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Effects of rust mite damage on foliage in summer on grape maturation
(1) Further research is needed to fully evaluate the effects of summer rust mite damage
(bronzing of foliage) on grape maturation and quality. Research in this project showed that
bronzing of vine foliage caused by moderately high rust mite populations did not reduce the
rate of maturation of grapes on Cabernet Sauvignon vines in the Yarra Valley Vic. in a hot
summer, when conditions were very favourable for ripening. However, in cool summers,
severe bronzing of vine foliage may delay ripening, reduce grape quality and expose crops to
damage by bunch rots (eg. Botrytis rot).

Key project outcomes (summary)

• Increased knowledge of the degradation and phytotoxicity of sulphur on grapevine foliage,
and the use of sulphur for the management of grapevine powdery mildew in vineyards.
• Introduction and initial industry adoption of higher application rates of some sulphur
formulations (eg. Thiovit Jet at 600g/100L) to improve the control of powdery mildew in
vineyards.
• Recommendations for the use of sulphur and other fungicides in spray programs for more
effective control of powdery mildew.
• Increased knowledge of biology and management of grapevine rust and bud mites.
• Recommendations for the effective and efficient control of rust mite populations and RSG
in vineyards.
• Extension and widespread initial industry adoption of the recommended rust mite
management strategies.
• Preliminary recommendations for the control of bud mite populations and damage to
spring growth of vines.
• Increased knowledge of the effects of sulphur on the parasitism of lightbrown apple moth
by Trichogramma parasitoids.
• Recommendations for the use of sulphur in vineyards to minimise adverse effects on the
biological control of lightbrown apple moth.
• Integrated strategies for the optimal use of sulphur in programs for the control of grapevine
powdery mildew and mites.
• Increased efficiency and effectiveness of IPM programs in Australian wine and dried grape
vineyards when strategies for the optimal use of sulphur are applied.
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1. Introduction
Strategic use of sulphur in integrated pest and disease management (IPM)
programs for grapevines
Bob Emmett
1.1 Background
Industry issues
•
•
•
•
•
•
•
•
•
•
•
•

In Australia, sulphur is a low cost, multi-site fungicide that is widely used to control grapevine
powdery mildew (Uncinula necator) and mites.
The multi-site action of sulphur on the powdery mildew fungus inhibits the development of
strains resistant to newer fungicides.
Continuation of the use of sulphur in spray programs is important to prevent the development of
fungicide resistant strains and ensure optimum chemical control of powdery mildew in vineyards.
However, many grape growers apply sulphur indiscriminately because of its low cost.
As a result, sulphur is often over-used. Potentially this can lead to unnecessary residues in
produce and adverse effects on beneficial insects and organisms, and the environment.
The inconsistent performance of sulphur against powdery mildew in some vineyards over recent
years may have resulted from a variation in efficacy of formulations, the use of wetting agents,
spray application (rate and coverage) and/or effects of weather conditions.
Sulphur sprays also affect mite populations in vineyards. Although sulphur appears to have no
effect on the predatory mite, Typhlodromus doreenae, it reduces populations of most pest mites
(e.g. blister, bunch and rust mites).
In recent years, many grape growers have moved away from the use of lime sulphur at vine
woolly bud stage for mite control because the spray is expensive, undesirable to use and
adversely affects predatory mite populations.
Most growers now rely on wettable sulphur sprays applied early in the season for powdery
mildew control and the activity of predatory mites for the control of pest mites.
Nevertheless, mite problems are still common in many vineyards.
This may be a result of the ineffectiveness of some sulphur formulations, the reduced use of
sulphur and/or the adverse effects of newer fungicides or pesticides on naturally occurring
populations of predatory mites.
In view of the above, further studies were required to
• re-examine the efficacy of sulphur for powdery mildew and mite control,
• clarify the effects of factors influencing the performance of sulphur, and
• develop strategies for the optimum use of sulphur in IPM programs that also minimise the
potential for residues in grape products.

1.2 Research and Development (R&D) Strategies
• Funding proposals for research on the optimal use of sulphur in grapevine IPM programs were
accepted by the Grape and Wine Research and Development Corporation (GWRDC) and
Horticulture Australia Ltd (HA).
• Two complementary projects were established to address the required R&D. These projects were:
• GWRDC Project DAV 98/1 – Strategic use of sulphur in integrated pest and disease
management (IPM) programs for grapevines, and
• HA Project DG 01002 – Strategic use of sulphur in disease and pest management programs for
dried vine fruit production.
• Funding support for these projects was also provided by the following R&D providers.
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• Department of Primary Industries in Victoria (DPI),
• Primary Industries and Resources South Australia (PIRSA), and
• La Trobe University (LTU).
• In addition, support for these projects through in-kind contributions was provided by various
companies and industry groups including
• Syngenta Crop Protection, Australia and Syngenta Crop Protection AG, France,
• Dow AgroSciences Australia Ltd,
• Independent Horticultural Distributors Pty Ltd,
• IPM Technologies Pty Ltd, and
• Wingara Wine Group.

1.3 Project Objectives
Project objectives for GWRDC Project DAV 98/1
• Objectives of this project were to
1. Develop and evaluate strategies for the optimal use of sulphur in IPM programs for grapevines
(with reference to monitoring, timing of sprays, rates, regional variation, and resistance).
2. Examine the interaction between wettable sulphur and grapevine powdery mildew (with
reference to particle size, temperature, humidity and residues).
3. Examine the biology of bud and rust mites and develop diagnostic and monitoring techniques
for IPM.
4. Examine the effects of sulphur on the efficacy of Trichogramma wasps as a biological control
agent for lightbrown apple moth.
Project objectives for HA Project DG 01002
• Objectives of this project were to
1. Develop strategies for the optimal use of sulphur in disease and pest management programs for
dried vine fruit production, especially in relation to the use of wetting agents or adjuvants
through the following sub-objectives:
2. Examine the effects of sulphur with and without wetting agents or adjuvants on the
development of grapevine powdery mildew,
3. Study the degradation of sulphur on grapevine foliage, and
4. Promote strategies that encourage the optimal use of sulphur in disease and pest management
programs for dried vine fruit production.

1.4 Key Elements of the R&D
• Key elements of the R&D in relation to each project were
• Effects of spray programs containing fungicides with different chemistry on the development
of powdery mildew on grapevines (GWRDC)
• Review of sulphur formulations and particle size (GWRDC and HA)
• Effects of sulphur formulations on the development of grape powdery mildew (GWRDC)
• Effects of adjuvants on the efficacy of sulphur for powdery mildew control (HA)
• Effects of temperature and application rates on the degradation, efficacy and phytotoxicity of
sulphur (GWRDC)
• Degradation of sulphur and the control of powdery mildew on grapevine foliage (HA and
GWRDC)
• Sampling mites in vineyards: Movement, distribution and effect of rust mite on grapevines
(GWRDC)
• Effects of sulphur and other fungicides on populations of pest and predatory mites (GWRDC)
• Development of species specific markers for Eriophyoid mites in grapevines (GWRDC)
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• Effects of sulphur on parasitism of lightbrown apple moth by Trichogramma carverae
(GWRDC)
• Strategies for the optimal use of sulphur in IPM programs for grapevines (GWRDC and HA)
• Communication of research (GWRDC and HA)
• Sections of the final report for each project address each of these key elements above.

1.5 Project reports
•
•

This report covers R&D in GWRDC Project DAV 98/1.
Some reference is also made to outcomes of R&D in HA Project DG 01002, which is covered by
a separate report (Emmett, 2003).

1.6 References
Emmett, R.W. (ed.) (2003). Strategic use of sulphur in disease and pest management programs for
dried vine fruit production. Final Project Report for Horticulture Australia Ltd. Department of
Primary Industries, Mildura Vic. 66 pp.
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2. Effects of spray programs with sulphur and other fungicides on the
development of powdery mildew
Bob Emmett, Trevor Wicks, Catherine Hitch, Shelley Rozario, Julie Hawtin, Lynette Deland
and Christiane Jaeger
2.1 Abstract
Spray programs with fungicides of different chemistry for powdery mildew control were applied to
grapevines (Vitis vinifera) at trial sites in Victoria and South Australia between 1998 and 2001.
Grapevine varieties used in the trials were cv. Sultana and Chardonnay at Irymple Vic. and cv.
Chardonnay at Iraak Vic. in 1998/1999, cv. Chardonnay at Lenswood SA, cv. Chardonnay and
Crouchen at Nuriootpa SA and cv. Chardonnay and Shiraz at Loxton SA in 1999/2000; and cv.
Sultana at Irymple Vic. in 2000/2001. The products used were Thiovit® (800g/kg sulphur),
Bayfidan® (250g/L triadimenol) or Topas® (100g/L penconazole), Amistar® (500g/kg azoxystrobin)
and/or Legend® (EF-1295, 250g/L quinoxyfen). When disease pressure was high, spray programs
with sulphur (Thiovit®) and a demethylation inhibiting (DMI) fungicide (Bayfidan® or Topas®)
provided better disease control than programs with sulphur. In sulphur and DMI spray programs, the
application of the DMI fungicide just before and just after flowering provided optimum powdery
mildew control. In one field trial, only three correctly timed sprays provided good control of
powdery mildew on bunches (especially on berries). These sprays appeared to coincide with periods
of highest disease pressure on bunches.
Spray programs with fungicides with three different types of chemistry (ie. Thiovit®, Topas® and
Amistar® or Legend®) reduced powdery mildew incidence and severity on bunches more than
programs with fungicides with one or two types of chemistry (ie. Thiovit®, or Thiovit® and Topas®,
respectively). Despite high disease pressure, spray programs with Thiovit®, Topas® and Amistar®, or
Thiovit®, Topas® and Legend® reduced disease severity to less than two percent berry area diseased
and to less than five percent leaf area diseased. In commercial vineyards, higher levels of disease
control should be achieved.
Publications on this R&D: Emmett et al. 2001; Wicks and Hitch 2001.

2.2 Introduction
Sulphur and demethylation inhibiting (DMI) fungicide spray programs
Previous research on grapevine powdery mildew (GWRDC Project DAV 7) resulted in the
development of a strategic management program for the disease, where spraying is closely aligned
with disease activity in vineyards. The need to apply sprays early in the season to prevent disease
development in vineyards with high disease potential was highlighted (GWRDC Project DAV 94/1)
and this strategy has been adopted by industry. The use of sulphur and the judicious use of DMI
fungicides in powdery mildew spray programs were also encouraged to reduce the development of
fungicide resistance, a problem that has substantially reduced the efficacy of some control programs
overseas. Nevertheless, some grape growers use sulphur indiscriminately because it is relatively
inexpensive in relation to the cost of other fungicides. The excessive use of sulphur, however, can
result in undesirable residues on grapes and a negative impact on the environment. Sulphur can also
have adverse effects on biological control agents. For example, it can reduce populations of some
beneficial mites and the effectiveness of egg parasites of lightbrown apple moth in vineyards.
Continued and optimal use of sulphur, therefore, is essential for the sustainable management of
powdery mildew and pest mites in Australian viticulture.
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Spray programs with fungicides of different chemistry
Excessive use of demethylation inhibiting (DMI) fungicides in vineyards can increase populations of
fungicide resistant strains of the grapevine powdery mildew fungus (Uncinula necator) and reduce
the efficacy of some fungicides (Gubler et al., 1996). Rotation of single sprays or groups of up to
three sprays of DMI fungicides with sprays of other fungicides with different chemistry can prevent
the development of DMI fungicide resistance in vineyards (Avcare Fungicide Resistance Action
Committee, 1995). Similar strategies have been proposed to manage the development of resistance to
strobilurin fungicides (Tucker, 2000). In recent years, new fungicides such as quinoxyfen have been
developed and their inclusion in spray programs should increase options for managing fungicide
resistance and improve powdery mildew control (Dow AgroSciences, 2000).
To ensure the continued and optimal use of sulphur, there was a need to develop a greater
understanding of the appropriate timing for the use of sulphur and DMI fungicides in spray programs
for the control of powdery mildew. It was also important to investigate other options, such as the
inclusion of alternative fungicides with different chemistry in spray programs, to minimise the risk of
developing fungicide resistance.

2.3 Research objectives
This chapter reports the results of field studies of the control of powdery mildew on grapevines
established to examine the efficacy of (1) spray programs with sulphur and DMI fungicides, and (2)
spray programs with fungicides of different chemistry.

2.4 Methods
Efficacy of spray programs with sulphur and DMI fungicides
Field trials to determine the efficacy of programs with sprays of sulphur and DMI fungicides applied
at different times for powdery mildew control were conducted at Irymple Vic. (Field Trials 1 and 2)
and Iraak Vic. (Field Trial 3) in 1998/1999, and at Nuriootpa SA (Field Trials 4 and 5), Loxton SA
(Field Trials 6 and 7) and Lenswood SA (Field Trial 8) in 1999/2000. Vines at all trial sites had a
recent history of powdery mildew disease. Irymple and Iraak are located approximately 5km east and
35km south of Mildura Vic., respectively in the Sunraysia district. Lenswood, Nuriootpa and Loxton
are situated approximately 30km east, 100km and 300km north east of Adelaide SA, respectively.
Field Trial 1, (Irymple Vic.)
Trial design. Details of the trial design are summarised in Table 1. Four rows of vines were used in
the trial. Each ‘treated’ row was separated by an untreated buffer row. Each ‘treated’ row contained
seven plots. Two or more untreated vines separated plots within each ‘treated’ row. A plot with each
treatment appeared in each row at least once, but not more than twice. There were seven replicate
plots for treatment program 3, six replicate plots for treatment programs 2 and 5, five replicate plots
for treatment program 4 and four replicate plots for treatment program 1.
Treatments. The five treatment programs evaluated in Field Trial 1 are summarised in Table 2.
Fungicides used in the spray programs were wettable sulphur (Thiovit®, 800g/kg sulphur, Syngenta
Crop Protection, Adelaide SA) applied at 200g/100L (the recommended application rate), and a
widely used DMI fungicide, triadimenol (Bayfidan, 250g/L triadimenol, Bayer Australia, Pymble
NSW) applied at 10mL/100L (the recommended application rate). The first three sprays were
applied when shoots were approximately 10 cm (2 weeks after bud burst), 20-30 cm (4 weeks after
bud burst) and 30-40 cm (6 weeks after bud burst). The last three sprays were applied at 2-3 week
intervals from just after flowering (berry set) to berry softening (Table 2). Treatments were applied
using a trailer-mounted sprayer with a hand wand operated at 200-300psi (1400-2000kPa). All vines
were thoroughly sprayed to the point of run-off. In treatment programs 4 and 5, spraying did not
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commence until 9 October 1998 when monitoring indicated the presence of powdery mildew in the
vineyard.
Table 1. Summary of the design of Field Trial 1 at Irymple Vic. in 1998/ 1999.
Grapevine variety

Vitis vinifera cv. Sultana

Design

Randomised block

Replicates (plots)

4-7

Plot size

3 vines

Age of vines

20+ years
3.4m between rows
2.5m between vines
(1176 vines/ha)

Vines spacing

Pruning

Cane pruned. Four cordons, each cordon with 2-4 canes and each cane with
12-16 buds

Trellising

T-trellis, 0.9m wide with foliage wires at 1.3m.

Table 2. Treatment programs applied to Sultana grapevines in Field Trial 1 at Irymple Vic. in
1998/99.
Application
date

25/09/98

09/10/98

23/10/98

16/11/98

30/11/98

14/12/98

30/12/98

Growth
stage
number 1

12-14

16-17

18-19

27

29

31-32

34

Growth
stage

5-7 leaves,
shoots 1020cm

10-12
leaves,
shoots 3040cm

Preflowering
to early
flowering

Berry set,
berries
2-3 mm

Berries
4-5mm

Berries
pea-size
(7-8mm)

Berry
softening

Program 1
(untreated)

-2

-

-

-

-

-

-

Program 2

S3

S

S

S

S

S

S

Program 3

S

S

B4

B

S

S

S

Program 4

-5

S

B

B

S

S

S

Program 5

-5

B

B

S

S

S

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).
- = No spray treatment applied.

3
S = Thiovit applied at 200g/100L.

4
B = Bayfidan applied at 10ml/100L.
5
Spray treatment not applied because monitoring did not indicate presence of disease.
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Assessments of disease. Incidence of powdery mildew (percentage of leaves, berries and bunch stems
diseased) and severity of powdery mildew (percentage of the area of leaves, berries and bunch stems
diseased) were assessed on 24 bunches and 24 leaves per plot. The assessments were conducted
before harvest on 7 February 1999 using standardised diagrammatic assessment keys (Emmett,
unpublished). Twelve bunches were selected at random from the bunch zone along the length of each
side of vines in the centre of each plot. Leaves were sampled from four typical shoots with bunches,
evenly spaced along each side of vines in the centre of each plot. Three primary leaves, equidistant
along the length of each shoot were sampled (ie. one close to the bunch, one half way along the shoot
and one about five nodes from the shoot apex). Leaves that were young, not fully expanded (ie. aged
less than 10 days) and had not had sufficient time to develop disease were excluded from the
assessments.
Field Trial 2, (Irymple Vic.)
Trial Design. The design of Field Trial 2 is summarised in Table 3. The trial was conducted in a
vineyard established for commercial production, where plots with untreated vines were unacceptable
because of the risk of substantial crop loss. Plots with each treatment program were randomised
within each of four blocks.

Table 3. Summary of the design of Field Trial 2 at Irymple Vic. in 1998/1999.
Grapevine variety

Vitis vinifera cv. Chardonnay

Design

Randomised block

Replicates (plots)

4

Plot size

4 rows, each row with 24 vines

Age of vines

5 years

Vines spacing

3.0m between rows
2.5m between vines

Pruning

Minimally pruned. Four cordons, two cordons on each foliage wire

Trellising

Two wire vertical trellis, with foliage wires at 1.2m and 1.7m.

Treatments. The two treatment programs evaluated in Field Trial 2 are summarised in Table 4.
Fungicides used in the spray programs were the same as in Field Trial 1. All treatments were applied
with a Charlie Agromaster® air blast sprayer (model: AT 2000).
Assessments of disease. Incidence of powdery mildew (percentage of leaves, berries and bunch stems
diseased) and severity of powdery mildew (percentage of the area of leaves, berries and bunch stems
diseased) were assessed on 24 bunches and 24 leaves per plot. The assessments were conducted
before harvest on 7 February 1999 using standardised diagrammatic assessment keys (Emmett,
unpublished). Twelve bunches were selected at random from the bunch zone along the length of each
side of vines in each of the two centre rows of each plot. Leaves that were young, not fully expanded
(ie. aged less than 10 days) and had not had sufficient time to develop disease were excluded from the
assessments.
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Table 4. Treatment programs applied to Chardonnay grapevines in Field Trial 2 at Irymple
Vic. in 1998/99.
Application
date

19/09/98

02/10/98

20/10/98

13/11/98

27/11/98

11/12/98

28/12/98

Growth
stage
number 1

12-14

16-17

18-19

27

29

31-32

34

Growth
stage

5-7 leaves,
shoots 1020cm

10-12
leaves,
shoots 3040cm

Preflowering
to early
flowering

Berry set,
berries
2-3 mm

Berries
4-5mm

Berries
pea-size,
pre-bunch
closure

Berry
softening

Program 1

S2

S

S

S

S

S

S

Program 2

B3

B

B

S

S

S

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).

S = Thiovit applied at 200g/100L.

3
B = Bayfidan applied at 10mL/100L.
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Field Trial 3, (Iraak Vic.)
Trial Design. The design of Field Trial 3 is summarised in Table 5. The trial was conducted in a
commercial vineyard, where plots with untreated vines were unacceptable because of the risk of
substantial crop loss. There were three replicate plots for treatment programs 2 and 4, two replicate
plots for treatment programs 3, 5 and 1.
Table 5. Summary of the design of Field Trial 3 at Iraak Vic. in 1998/1999.
Grapevine variety

Vitis vinifera cv. Chardonnay

Design

Randomised block

Replicates (plots)

2-3

Plot size

4 rows, each row with 106 vines

Age of vines

7 years

Vines spacing

3.0m between rows
2.5m between vines

Pruning

Minimally pruned. Four cordons, two cordons on each foliage wire

Trellising

Two wire vertical trellis, with foliage wires at 1.2m and 1.7m.

Treatments. The five treatment programs evaluated in Field Trial 3 are summarised in Table 6.
Fungicides used in the spray programs were the same as in Field Trial 1. All treatments were applied
with a low volume, Hardi® air mist sprayer. There were three replicate plots of Programs 1 and 5, and
two replicate plots of Programs 2, 3 and 4.
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Table 6. Treatment programs applied to Chardonnay grapevines in Field Trial 3 at Iraak Vic.
in 1998/99.
Application
date

24/09/98

08/10/98

23/10/98

5/11/98

19/11/98

10/12/98

23/12/98

Growth
stage
number 1

12-14

15-16

17-18

19

27

31-32

34

Growth
stage

5-6 leaves,
shoots 1020cm

10 leaves,
shoots 2030cm

12-14
leaves,
shoots 3040cm

Early
flowering

Berry set,
berries
2-3 mm

Berries
pea-size,
pre-bunch
closure

Berry
softening

Program 1

S2

S

S

S

S

S

S

Program 2

S

S

B3

B

B

S

S

Program 3

S

B

B

S

B

S

S

Program 4

B

B

S

S

B

S

S

Program 5

B

B

B

S

S

S

S

1

Growth stage number according to Eichhorn and Lorenz modified by Coombe (1995).

S = Thiovit applied at 200g/100L.

3
B = Bayfidan applied at 10mL/100L.

2

Assessments of disease. Incidence of powdery mildew (percentage of leaves, berries and bunch stems
diseased) and severity of powdery mildew (percentage of the area of leaves, berries and bunch stems
diseased) were assessed on 64 leaves and 64 bunches per plot. The assessments were conducted
before harvest on 8 February 1999 using standardised diagrammatic assessment keys (Emmett,
unpublished). Thirty-two leaves and 32 bunches were selected at random for assessment along the
length of each side of vines in each of the two centre rows of each plot. Leaves that were young, not
fully expanded (ie. aged less than 10 days) and had not had sufficient time to develop disease were
not sampled and were excluded from the assessments.
Field Trials 4-8, (Lenswood, Nuriootpa and Loxton SA.)
Trial Designs. The designs of Field Trial 4, Field Trials 5 and 6, and Field Trials 7 and 8 are
summarised in Tables 7, 8 and 9, respectively.
Treatments. The treatment programs evaluated in Field Trials 4-8 are summarised in Tables 10-14,
respectively. Fungicides used in the spray programs were wettable sulphur (Thiovit®, 800g/kg
sulphur, Syngenta Crop Protection, Adelaide SA) applied at 200g/100L (the recommended
application rate) or at 300g/100L, and a DMI fungicide, penconazole (Topas®, 100g/L penconazole,
Syngenta Crop, Adelaide SA) applied at 12.5mL/100L (the recommended application rate). All vines
were thoroughly sprayed to the point of run-off.
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Table 7. Summary of the design of Field Trial 4 at Lenswood SA in 1999/2000.
Field Trial 4
Variety

Vitis vinifera cv. Chardonnay

Design

Randomised complete block

Replicates

5

Plot size

8 vines

Age of vines

7 years

Vines spacing

3m between rows
1.6m between vines

Pruning

Spur pruned

Trellising

Vertical trellis with foliage wire support

Table 8. Summary of the designs of Field Trials 5 and 6 at Nuriootpa SA in 1999/2000.
Field Trial 5

Field Trial 6

Variety

Chardonnay

Crouchen

Design

Randomised complete block

Randomised complete block

Replicates

4

4

Plot size

24 vines

4 vines

Age of vines

6 years

29 years

Vines Spacing

3.5m between rows
2.25m between vines

3.7m between rows
1.2m between vines

Permanent arm spurs, single cordon

Permanent arm spurs, single cordon

Single wire at 1m with a foliage
wire at 1.4m

Single wire at 1m with a foliage
wire at 1.4m

Pruning
Trellising
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Table 9. Summary of the designs of Field Trials 7 and 8 at Loxton SA in 1999/2000.
Field Trial 7

Field Trial 8

Variety

Shiraz

Chardonnay

Design

Randomised complete block

Randomised complete block

Replicates

3

3

Plot size

25 vines

12 vines

Age of vines

5 years

7 years

Vines spacing

2.5m between vines
3.5m between rows

2.5m between vines
3.5m between rows

Pruning

Box pruned (machine)

Box pruned (machine)

Trellising

2 wire vertical

2 wire vertical

Table 10. Treatment programs applied to Chardonnay grapevines in Field Trial 4 at Lenswood
SA in 1999/2000.
Equipment
Volume per hectare

Solo motorised back pack sprayer
Between 500 to 1000 L/Ha

Application date

29/10/99

24/11/99

10/12/99

20/12/99

6/01/00

Growth stage number1

17

21

24

26

29

Program 1 (untreated)

-2

-

-

-

-

Program 2

S3

S

S

S

S

Program 3

T4

T

S

S

S

Program 4

S

S

T

T

S

Program 5

S

S

T

T

T

Program 6

-

T

T

S

S

Program 7

-

T

T

S

-

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).
- = No spray treatment applied.

3
S = Thiovit applied at 200g/100L.

4
T = Topas applied at 12.5mL/100L.

2
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Table 11. Treatment programs applied to Chardonnay grapevines in Field Trial 5 at Nuriootpa
SA in 1999/2000.
Equipment
Volume per hectare

Hardi “mini SPV” mist blower
Between 723 to 1081L/ha

Application dates

27/10/99

16/11/00

30/11/99

15/12/99

4/01/00

Growth stage number1

21

25

29

31

32

Program 1

T2

T

S3

S

S

Program 2

S

T

T

S

S

Program 3

S

S

T

T

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).

T = Topas applied at 12.5mL/100L.

3
S = Thiovit applied at 200g/100L.
2

Table 12. Treatment programs applied to Crouchen grapevines in Field Trial 6 at Nuriootpa
SA in 1999/2000.
Equipment
Volume per hectare

Solo motorised back pack sprayers
Between 500 and 1000 L/Ha

Application date

20/10/99

1/11/99

12/11/99

26/11/99

10/12/99

21/12/99

Growth stage number1

15

17

19

26

29

31

Program 1 (untreated)

-2

-

-

-

-

-

Program 2

S3

S

T4

T

S

S

Program 3

S

T

T

S

S

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).
- = No spray treatment applied.

3
S = Thiovit applied at 200g/100L.

4
T = Topas applied at 12.5mL/100L.

2

Assessments of disease. Incidence of powdery mildew (percentage of leaves and bunches diseased)
and severity of powdery mildew (percentage of the area of leaves and bunches diseased) were
assessed on 50 bunches and 50 leaves selected at random from the two centre vines of each plot,
using standardised diagrammatic assessment keys (Emmett, unpublished). Assessments were
conducted at times indicated in Figures 13-25. Leaves that were young, not fully expanded (ie. aged
less than 10 days) and had not had sufficient time to develop disease were excluded from the
assessments. All leaves were assessed in the laboratory by examining disease development on the
upper and lower leaf surface. Except for the final assessment of bunches at harvest, when bunches
were picked and then examined, all other bunch assessments were done in situ.
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Table 13. Treatment programs applied to Chardonnay grapevines in Field Trial 7 at Loxton
SA in 1999/2000.
Equipment
Volume per hectare

Air blast machine sprayer
720 L/Ha

Application date

4/10/99

18/10/99

2/11/99

15/11/99

23/11/99

21/12/99

Growth stage number1

17

19

26

27

29

31

Program 1

S2

S

S

S

S

S

Program 2

S

T3

T

S

S

S

Program 3

S

S

T

T

S

S

Program 4

T

T

S

S

S

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).

S = Thiovit applied at 300g/100L.

3
T = Topas applied at 12.5mL/100L.

2

Table 14. Treatment programs applied to Shiraz grapevines in Field Trial 8 at Loxton SA in
1999/2000.
Equipment

Air blast machine sprayer

Volume per hectare

720 L/Ha

Application date

18/10/99

2/11/99

15/11/99

23/11/99

6/12/99

21/12/99

Growth stage number1

17

19

26

27

29

31

Program 1

S2

S

S

S

S

S

Program 2

S

T3

T

S

S

S

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).

S = Thiovit applied at 300g/100L.

3
T = Topas applied at 12.5mL/100L.
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Efficacy of spray programs with sulphur and other fungicides with different chemistry
A field trial was conducted at Irymple Vic. in 2000/2001 to determine the efficacy of programs of
sprays of sulphur and other fungicides with different chemistry for the control of powdery mildew.
Vines at the trial site had a recent history of powdery mildew disease.
Field Trial 9 (Irymple Vic.).
Trial design. Details of the trial design are summarised in Table 15. Four rows of vines were used in
the trial. Each row with treated vines was separated by an untreated buffer row. Each ‘treated’ row
contained seven plots. Two or more untreated vines separated plots in each ‘treated’ row. A plot
with each treatment appeared in each row at least once, but not more than twice. There were six
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replicate plots for treatment programs 3, 4 and 5, and five replicate plots for treatment programs 1
and 2.
Table 15. Summary of the design of Field Trial 9 at Irymple Vic. in 2000/2001.
Grapevine variety

Vitis vinifera cv. Sultana

Design

Randomised block

Replicates (plots)

5-6

Plot size

3 vines

Age of vines

20+ years

Vines spacing

3.4m between rows
2.5m between vines
(1176 vines/ha)

Pruning

Cane pruned. Four cordons, each cordon with 2-4 canes and each cane
with 12-16 buds

Trellising

T-trellis, 0.9m wide with foliage wires at 1.3m.

Treatments. The five treatments programs evaluated in Trial 9 are summarised in Table 16.
Fungicides used in the spray programs were wettable sulphur (Thiovit®, 800g/kg sulphur, Syngenta
Crop Protection, Adelaide SA) applied at 200g/100L (the recommended application rate), a DMI
fungicide, penconazole (Topas®, 100g/L penconazole, Syngenta Crop, Adelaide SA) applied at
12.5mL/100L (the recommended application rate), a strobilurin fungicide, azoxystrobin (Amistar®,
500g/kg azoxystrobin, Syngenta Crop Protection, Adelaide SA) applied at 50g/100L (the
recommended application rate) and a quinoline fungicide, quinoxyfen (Legend, 250g/L quinoxyfen,
Dow AgroSciences Australia, Sunbury Vic.) applied at 10mL/100L (the recommended application
rate). A back pack sprayer with a hand wand was used to apply treatments when shoots were 10 cm,
and a trailer-mounted sprayer with a hand wand was used to apply treatments at other times. At each
treatment time, all vines were thoroughly sprayed to the point of run-off.
Assessments of disease. Incidence of powdery mildew (percentage of leaves, berries and bunch stems
diseased) and severity of powdery mildew (percentage of the area of leaves, berries and bunch stems
diseased) were assessed on 24 bunches and 24 leaves per plot. The assessments were conducted
before harvest on 25 January 2001 using standardised diagrammatic assessment keys (Emmett,
unpublished). Twelve bunches were selected at random from the bunch zone along the length of
each side of vines in the centre of each plot. Leaves were sampled from four typical shoots with
bunches, evenly spaced along each side of vines in the centre of each plot. Three primary leaves,
equidistant along the length of each shoot were sampled (ie. one close to the bunch, one half way
along the shoot and one about five nodes from the shoot apex). Leaves that were young, not fully
expanded (ie. aged less than 10 days) and had not had sufficient time to develop disease were
excluded from the assessments.
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Table 16. Treatment programs applied to Sultana grapevines in Field Trial 9 at Irymple Vic. in
2000/2001.
Application
date

28/09/00

13/10/00

30/10/00

15/11/00

6/12/00

20/12/00

3/01/01

Growth
Stage No. 1

12-14

16-17

18-19

27

29

31-32

34

Growth
Stage

5-7 leaves,
shoots 1020cm

10-12
leaves,
shoots 3040cm

Preflowering
to early
flowering

Berry set,
berries
2-3 mm

Berries
4-5mm

Berries
pea-size,
pre-bunch
closure

Berry
softening

Program 1
(untreated)

-2

-

-

-

-

-

-

Program 2

S3

S

S

S

S

S

-

Program 3

S

T4

T

T

S

S

-

Program 4

S

T

T

T

A5

A

-

Program 5

S

T

T

T

L6

L

-

1

Growth stage number according to Eichhorn and Lorenz (1977) modified by Coombe (1995).
- = No spray treatment applied.

3
S = Thiovit applied at 200g/100L.

4
T = Topas applied at 12.5mL/100L.

5
A = Amistar applied at 50g/100L.

6
L = Legend applied at 10mL/100L.
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Monitoring of environmental conditions. Maximum and minimum daily temperatures (oC) and
rainfall (mm) were recorded from September to April in 1998/1999, 1999/2000 and 2000/2001 using
automatic electronic weather stations located in adjacent vineyards or at Research Centres where the
field studies were conducted.
Assessments of fungicide phytotoxicity. Foliage and bunches on vines in each plot were inspected
regularly, usually one to seven days after each treatment, and any damage associated with fungicide
treatments was assessed using standardised diagrammatic assessment keys (Emmett, unpublished).
Occurrence of phytotoxicity was recorded in relation to environmental conditions.
Statistical analyses
The Genstat statistical package (Genstat 5 Committee, 1993) was used to analyse the data from Field
Trials 1-3 and 9. Incidence data, i.e. the percentage of bunches and leaves with powdery mildew,
were transformed before analysis using the angular transformation (i.e. arcsine of the square root of
the percentage) when required. Severity scores for powdery mildew on leaves and bunches were log
transformed when required. The method of residual maximum likelihood (REML) was used to
determine if there were effects of spray treatments on disease incidence and severity. Least
significant difference (lsd) tests were used to investigate differences between particular treatments.
The program "Statistix for Windows V2" was used to analyse data from Field Trials 4-8. With most
data sets, the standard analysis of variance (ANOVA) was used.
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2.5 Results
Efficacy of spray programs with sulphur and DMI fungicides
Field Trial 1, (Irymple Vic.).
The effects of the spray programs in Field Trial 1 on powdery mildew incidence and severity on
leaves, berries and bunch stems are shown in Figures 1-4. Values presented in these figures are back
transformed REML adjusted means of the angular transformed data for disease incidence and the logtransformed data for disease severity.
The effects of the spray programs on the incidence of powdery mildew on the upper and lower
surface of leaves were slight and variable (Figures1 and 2). However, all spray programs reduced the
severity of powdery mildew substantially on both leaf surfaces. There were no differences between
the effects of the different spray programs on disease severity.
Sulphur and DMI fungicide spray programs, where sprays of the DMI fungicide were applied before
and after flowering, reduced the incidence of powdery mildew on berries and bunch stems (Figures 3
and 4). The other spray programs did not reduce bunch disease incidence. Nevertheless, all spray
programs reduced the severity of powdery mildew on berries and bunch stems. Programs where the
DMI fungicide sprays were applied before and after flowering provided better disease control than
the other programs.
Field Trial 2, (Irymple Vic.)
The effects of the spray programs in Field Trial 2 on the incidence and severity of powdery mildew
on the upper and lower surface of leaves were similar (Figures 5 and 6).
The sulphur and DMI spray program, where three DMI fungicide sprays were applied before berry
set, provided better control of disease on berries and bunch stems than the sulphur spray program
(Figures 7 and 8).
Field Trial 3, (Iraak Vic.)
The development of powdery mildew was patchy across the large plots in Field Trial 3. As a result,
incidence of powdery mildew was variable on vines in this trial and, overall, the severity of disease
was low. Generally, all spray programs provided similar levels of disease control on leaves, berries
and bunch stems (Figures 9-12).
Field Trial 4, (Lenswood, SA.)
In early December 1999, powdery mildew was prevalent on leaves and bunches of the untreated plots
and by mid December, incidence of disease in these plots was high (Figures 13 and 15).
All fungicide programs reduced the incidence and severity of powdery mildew on leaves. Less
disease developed where sulphur was used for the final three applications of programs (Figures 13
and 14).
In February 2000, all fungicide programs, except the sulphur program, reduced the incidence and
severity of disease on bunches. Of the other fungicide programs, disease incidence was least on vines
treated with the program that included three applications of the DMI fungicide, Topas® (Figure 15).
At harvest in March 2000, all fungicide programs reduced the severity of disease on bunches.
Programs with sprays of sulphur and Topas® provided slightly better disease control than the sulphur
program (Figure 16). The sulphur and Topas® program with three applications of Topas® reduced
disease incidence more than the other programs (Figure 15).
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Field Trial 5, (Nuriootpa SA.)
The incidence and severity of powdery mildew on vines in this trial were low (Fig 17 and 20).
Periods with high temperatures (40oC) followed by periods with rain appeared to inhibit disease
development on leaves (Figures 17 and 18). As a result of the low and variable levels of disease,
there were no differences in efficacy between the treatment programs at harvest (Figures 17-19).
Field Trial 6, (Nuriootpa SA.)
Powdery mildew developed extensively on untreated vines in this trial and by harvest, incidence of
disease was high, especially on bunches (Figures 20 and 22). Each of the treatment programs
provided good control of the disease (Figures 20-23). The level of control of disease on leaves and
bunches provided by each spray program was similar at most times of assessment, especially those in
January 2000.
Field Trial 7, (Loxton SA.)
In this trial, incidence of powdery mildew on bunches was high at harvest (Figure 24). Spray
programs with sulphur and Topas® provided better control of powdery mildew than the program with
sulphur. Incidence of powdery mildew was least in bunches on vines sprayed with Topas® before and
after flowering.
Field Trial 8, (Loxton SA.)
In this trial, incidence of powdery mildew on bunches was also high at harvest (Figure 25). Each of
the spray programs reduced disease severity substantially and to similar levels. Spray programs with
sulphur or sulphur and Topas® provided similar disease control.
Efficacy of spray programs with sulphur and other fungicides with different chemistry
Field Trial 9 (Irymple Vic.).
The effects of the spray programs in Field Trial 9 on powdery mildew incidence and severity on
leaves, berries and bunch stems are shown in Figures 26-29. Values presented in these figures are
back transformed REML adjusted means of the angular transformed data for disease incidence and
the log-transformed data for disease severity.
Incidence and severity of powdery mildew was high on the upper and lower surface of leaves, on
bunches and on bunch stems of untreated vines (Figures 26-29). The effects of spray programs on
disease incidence on the upper and lower surface of leaves were marginal and variable. However, all
spray programs reduced disease severity on leaves substantially and to a similar level (Figures 26 and
27).
Spray programs with fungicides of sulphur, Topas® and Amistar® or sulphur, Topas® and Legend®
reduced powdery mildew incidence and severity on berries more than programs with sulphur alone or
with sulphur and Topas® (Figure 28). Efficacy of the former two programs was similar. All spray
programs reduced disease incidence and severity on bunch stems to similar levels (Figures 29).
Phytotoxicity
No phytotoxic effects of fungicide treatments were observed on vines in all trials during the field
studies.

2.6 Discussion
Efficacy of spray programs with sulphur and DMI fungicides
In vineyards where levels of over-wintering inoculum were high and environmental conditions were
very favourable for disease development (eg. in Field Trial 1), disease pressure on spray programs
was high and high levels of disease developed on untreated vines. In these situations, all sulphur
and/or sulphur and DMI spray programs reduced severity of disease on leaves, berries and bunch
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stems, although they did not consistently reduce disease incidence on leaves. Programs where DMI
sprays were applied before and after flowering provided better control of powdery mildew on berries
and bunch stems than other programs (eg. in Field Trial 1). Generally sulphur and DMI spray
programs also provided better disease control on bunches than sulphur spray programs.
In vineyards where conditions were less favourable for disease development, levels of disease
incidence and severity were low (eg. in Field Trial 3) or very low (eg. in Field Trial 5). In these
situations, all sulphur or sulphur and DMI spray programs substantially reduced disease incidence
and severity on leaves and bunches and, as a result, provided good disease control.
Potentially, there are differences in the timing of disease epidemics on grapevine leaves, berries or
bunch stems each season. Consequently, periods of rapid disease increase on untreated leaves,
berries or bunch stems are likely to be different and the timing of these can be influenced by levels of
over-wintering inoculum and environmental conditions in each vineyard.
The results of the field studies reported here indicate that optimum disease control on leaves, berries
or bunch stems is likely to be achieved when sprays of fungicides with the highest efficacy, (eg. DMI
fungicides in these trials), coincide with periods of the most rapid disease increase or highest disease
pressure. In most seasons, on grape berries of mid season varieties (eg. Chardonnay, Sultana) in the
Sunraysia and Riverland districts, periods of highest disease increase occur around flowering when
inoculum levels are increasing in vineyards and berry tissues are very susceptible to infection.
Consequently, spray programs where DMI sprays are applied before and after flowering would be
expected to provide optimum control of disease on berries. This occurred in Field Trials 1 and 7.
These spray programs, however, may not always provide optimum control of disease on leaves or
bunch stems. Spray programs with earlier DMI treatments, for example, may provide better control
of disease on leaves (eg. in Field Trial 5).
The application of sprays (especially DMI sprays) during periods of highest disease pressure may
explain why good control of disease on bunches (especially on berries) can be achieved with only
three correctly timed sprays such as in Program 4 in Field Trial 4.
Efficacy of spray programs with sulphur and other fungicides with different chemistry
In Field Trial 9, treated vine plots were surrounded by untreated buffer vines with a history of disease
and carrying high levels of over-wintering inoculum. As a result, spray programs in this trial were
exposed to high disease pressure. Nevertheless, the spray programs with fungicides with three
different types of chemistry (ie. Thiovit®, Topas® and Amistar® or Legend®) reduced powdery
mildew incidence and severity on berries more than programs with fungicides with one or two types
of chemistry (ie. Thiovit®, or Thiovit® and Topas®, respectively). The spray programs with Thiovit®,
Topas® and Amistar®, or Thiovit®, Topas® and Legend® reduced disease severity to less than two
percent berry area diseased and to less than five percent leaf area diseased. In most commercial
vineyards, higher levels of disease control are likely to be achieved. Disease pressure on spray
programs in these vineyards is likely to be lower because all vines have a history of fungicide
treatments and carry lower levels of over-wintering inoculum.

2.7 Summary
The efficacy of spray programs with sulphur (Thiovit®) and DMI fungicides (Bayfidan® or Topas®)
applied at different times for powdery mildew control was studied in cool and warm climate
vineyards. Eight field trials were conducted in vineyards in four districts, the Adelaide Hills (at
Lenswood SA), the Barossa Valley (at Nuriootpa SA), the Riverland (at Loxton SA) and Sunraysia
(at Irymple and Iraak Vic.). The efficacy of spray programs with fungicides with different chemistry
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[sulphur (Thiovit®), penconazole (Topas®), azoxystrobin (Amistar®) and quinoxyfen (Legend®)] was
also studied in a field trial at Irymple Vic.
When disease pressure was high, spray programs with sulphur (Thiovit®) and a demethylation
inhibiting (DMI) fungicide (Bayfidan® or Topas®) provided better disease control than programs with
sulphur. In sulphur and DMI spray programs, the application of the DMI fungicide just before and
just after flowering provided optimum powdery mildew control. In one field trial, only three
correctly timed sprays provided good control of powdery mildew on bunches (especially on berries).
These sprays appeared to coincide with periods of highest disease pressure on bunches. Spray
programs of fungicides with three different types of chemistry (ie. Thiovit®, Topas® and Amistar® or
Legend®) reduced powdery mildew incidence and severity on bunches more than programs with
fungicides with one or two types of chemistry (ie. Thiovit®, or Thiovit® and Topas®, respectively).
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Figure 1. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the upper surface of leaves on
Sultana grapevines in Field Trial 1 at Irymple Vic. on 15 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 2. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the lower surface of leaves on
Sultana grapevines in Field Trial 1 at Irymple Vic. on 15 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 3. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on berries on Sultana grapevines
in Field Trial 1 at Irymple Vic. on 15 February 1999. [For each type of assessment, treatments
with a lower case letter in common were not significantly different (P>0.05)].
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Figure 4. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on stems of bunches on Sultana
grapevines in Field Trial 1 at Irymple Vic. on 15 February 1999. [For each type of assessment,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 5. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on upper surface of leaves on
Chardonnay grapevines in Field Trial 2 at Irymple Vic. on 23 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 6. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on lower surface of leaves on
Chardonnay grapevines in Field Trial 2 at Irymple Vic. on 23 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 7. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on berries on Chardonnay
grapevines in Field Trial 2 at Irymple Vic. on 23 February 1999. [For each type of assessment,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 8. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the stems of bunches on
Chardonnay grapevines in Field Trial 2 at Irymple Vic. on 23 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 9. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the upper surface of leaves on
Chardonnay grapevines in Field Trial 3 at Iraak Vic. on 8 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 10. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the lower surface of leaves on
Chardonnay grapevines in Field Trial 3 at Iraak Vic. on 8 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 11. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on berries on Chardonnay
grapevines in Field Trial 3 at Iraak Vic. on 8 February 1999. [For each type of assessment,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 12. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (B,
Bayfidan®) on the incidence and severity of powdery mildew on the stems of bunches on
Chardonnay grapevines in Field Trial 3 at Iraak Vic. on 8 February 1999. [For each type of
assessment, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 13. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence of powdery mildew on leaves on Chardonnay grapevines in Field
Trial 4 at Lenswood SA on 22 November 1999, 17 December 1999, 19 January 2000 and 14
March 2000. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05). See legend in Figure 13 for identification of the treatment
programs].
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Figure 14. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the severity of powdery mildew on leaves on Chardonnay grapevines in Field Trial
4 at Lenswood SA on 22 November 1999, 17 December 1999, 19 January 2000 and 14 March
2000. [At each assessment time, treatments with a lower case letter in common were not significantly
different (P>0.05)].
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Figure 15. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence of powdery mildew on bunches on Chardonnay grapevines in Field
Trial 4 at Lenswood SA on 17 December 1999, 5 and 27 January 2000, 15 February 2000 and 14
March 2000. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05)].
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Figure 16. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the severity of powdery mildew on bunches on Chardonnay grapevines in Field
Trial 4 at Lenswood SA on 17 December 1999, 5 and 27 January 2000, 15 February 2000 and 14
March 2000. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05). See legend in Figure 15 for identification of the treatment
programs].
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Figure 17. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence of powdery mildew on leaves on Chardonnay grapevines in Field
Trial 5 at Nuriootpa SA on 19 November 1999, 15 December 1999, and 1 March 2000. [At each
assessment time, treatments with a lower case letter in common were not significantly different
(P>0.05)].

0.1

a

% leaf area diseased

0.09

19/11/1999

0.08

a

15/12/1999

0.07
1/03/2000

0.06
0.05
0.04

a

0.03
0.02
0.01

a

a

a

a

a

a

0
TTSSS

STTSS

SSTTS

Figure 18. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the severity of powdery mildew on leaves on Chardonnay grapevines in Field Trial
5 at Nuriootpa SA on 19 November 1999, 15 December 1999, and 1 March 2000. [At each
assessment time, treatments with a lower case letter in common were not significantly different
(P>0.05)].
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Figure 19. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence and severity of powdery mildew on bunches on Chardonnay
grapevines in Field Trial 5 at Nuriootpa SA on 1 March 2000. [For each type of assessment,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 20. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence of powdery mildew on leaves on Crouchen grapevines in Field Trial 6
at Nuriootpa SA on 3 November 1999, 7 January 2000 and 27 January 2000. [At each
assessment time, treatments with a lower case letter in common were not significantly different
(P>0.05)].

46

4.5
a

4

3/11/1999

% leaf area diseased

3.5

7/01/2000

3

27/01/2000

2.5
a

2
1.5

a

1

a

b
b

0.5

a

b

b

SSTTSS

STTSSS

0
U ntreateda

Figure 21. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the severity of powdery mildew on leaves on Crouchen grapevines in Field Trial 6
at Nuriootpa SA on 3 November 1999 and on 7 and 27 January 2000. [At each assessment time,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 22. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence of powdery mildew on bunches on Crouchen grapevines in Field Trial
6 at Nuriootpa SA on 3 November 1999 and on 7 and 27 January 2000. [At each assessment
time, treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 23. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the severity of powdery mildew on bunches on Crouchen grapevines in Field Trial 6
at Nuriootpa SA on 3 November 1999 and on 7 and 27 January 2000. [At each assessment time,
treatments with a lower case letter in common were not significantly different (P>0.05)].
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Figure 24. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence and severity of powdery mildew on bunches on Chardonnay
grapevines in Field Trial 7 at Loxton SA on 11 January 2000. [For each type of assessment,
treatments with a lower case letter in common were not significantly different (P>0.05)].

48

Incidence - % bunches diseased
Severity - % bunch area diseased

70

a

Incidence

60

Severity

a

50
40
30
20
10

a
a

0
SSSSSS

STTSSS

Figure 25. Effects of spray programs with sulphur (S, Thiovit®) and a DMI fungicide (T,
Topas®) on the incidence and severity of powdery mildew on bunches on Shiraz grapevines in
Field Trial 8 at Loxton SA on 11 January 2000. [For each type of assessment, treatments with a
lower case letter in common were not significantly different (P>0.05)].
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Figure 26. Effects of spray programs with sulphur (S, Thiovit®) and other fungicides of
different chemistry [Topas® (T), Amistar® (A) and Legend® (L)] on the incidence and severity
of powdery mildew on the upper surface of leaves on Sultana grapevines in Field Trial 9 at
Irymple on 25 January 2001. [For each type of assessment, treatments with a lower case letter in
common were not significantly different (P>0.05)].
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Figure 27. Effects of spray programs with sulphur (S, Thiovit®) and other fungicides of
different chemistry [Topas® (T), Amistar® (A) and Legend® (L)] on the incidence and severity
of powdery mildew on the lower surface of leaves on Sultana grapevines in Field Trial 9 at
Irymple on 25 January 2001. [For each type of assessment, treatments with a lower case letter in
common were not significantly different (P>0.05)].
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Figure 28. Effects of spray programs with sulphur (S, Thiovit®) and other fungicides of
different chemistry [Topas® (T), Amistar® (A) and Legend® (L)] on the incidence and severity
of powdery mildew on berries on Sultana grapevines in Field Trial 9 at Irymple on 25 January
2001. [For each type of assessment, treatments with a lower case letter in common were not
significantly different (P>0.05)].
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Figure 29. Effects of spray programs with sulphur (S, Thiovit®) and other fungicides of
different chemistry [Topas® (T), Amistar® (A) and Legend® (L)] on the incidence and severity
of powdery mildew on stems of bunches on Sultana grapevines in Field Trial 9 at Irymple on 25
January 2001. [For each type of assessment, treatments with a lower case letter in common were not
significantly different (P>0.05)].
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3. Sulphur formulations, particle size and activity – a review
Bob Emmett, Trevor Wicks and Peter Magarey
3.1 Abstract
Documented information and commercial knowledge of sulphur and its use for the control of
powdery mildew on grapevines was reviewed, especially in relation to sulphur fungicide
formulations, mode of activity, phytotoxicity, degradation, efficacy and the use of sulphur in spray
programs to reduce the development of fungicide resistance. Sulphur formulations include dusts,
wettable powders, dry flowable wettable granules (micronised sulphurs) and liquid flowables.
Formulations differ substantially with respect to particle size. Particle size can affect persistence
(degradation) and efficacy. Larger particles persist and vaporise over longer periods, degrade at a
lower rate and have lower efficacy. Smaller particles persist and vaporise over shorter periods,
degrade at a higher rate and have higher efficacy. Sulphur efficacy for powdery mildew control is
related to contact and vapour activity. Contact activity appears to have a minor role in the efficacy of
sulphur products. Vapour activity is temperature dependent. Below 15°C, sulphur activity is
confined to contact activity because vapour activity is negligible. Phytotoxicity can be related to
sulphur particle size, temperature and relative humidity. The degradation of sulphur on plant surfaces
is related to temperature and particle size. Rainfastness is mostly related to particle size. The effects
of particle size and temperature can, to some extent, be offset by changes to application rates. In
some countries, high application rates are used early in the season to increase efficacy during periods
of low temperature. Product application rates have been established in each country on the basis of
efficacy trials conducted by chemical companies. In Australia, most of these trials were conducted
many years ago. Sulphur is a multi-site fungicide that is used in spray programs to minimise the
selection of strains of powdery mildew that are resistant to newer single-site fungicides.
Publications on this R&D: Emmett 2001.

3.2 Introduction
Elemental sulphur is, undoubtedly, the oldest known pesticide. Ancient Greeks were aware of its
pesticide properties as early as 1000 B.C. In the published literature, Forsyth (1802) was the first to
suggest the application of sulphur for disease control (Tweedy, 1969). Since then, various forms of
sulphur have been used for disease and pest control, especially for the control of powdery mildew and
mites on plants. Although sulphur has been used as a fungicide for centuries, there is an apparent
lack of knowledge on some aspects of its mode of activity and use in disease control programs. In
view of this, a review of current knowledge of sulphur and its use for grapevine powdery mildew
control was needed as a basis for further research.

3.3 Research objectives
This chapter reviews current knowledge of sulphur and its use for powdery mildew control,
especially in relation to sulphur fungicide formulation, mode of activity, phytotoxicity, degradation,
efficacy and the use of sulphur in spray programs to reduce the development of fungicide resistance.

3.4 Methods
Information on sulphur was compiled from published literature and reports obtained from researchers
and chemical industry representatives. Sulphur fungicides, their properties and their mode of action
were discussed with researchers and chemical industry representatives in Australia, Europe and the
United States.
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3.5 Review
Sulphur formulations and particle size (Thatcher and Streeter, 1925; Burchfield 1967; Somers, 1967;
Hartley 1996; Mametz and Raoul 2001)
• Sulphur formulations include dusts, wettable powders, dry flowable wettable granules (micronised
sulphurs) and liquid flowables.
• Micronised sulphurs are produced from sulphur residues (with 99.9% purity) which are byproducts from oil refineries. Sulphur residues are infused with water and dispersants at 130°C to
produce an emulsion. This is then placed in a reactor and centrifuged at high speed to produce
very small droplets (1-8µm). Micronisation (in the liquid phase) is achieved by cooling to 40°C.
• Formulations differ substantially with respect to particle size. For example, the diameter of
particles in dusts (D) is around 25µm; in wettable powders (WP) it is 0.1-25µm (average 7.6µm);
in improved dry flowable (DF) wettable granule formulations it is mostly 1-8µm; in liquid
flowables (LF) it is approximately 3.5µm (average).
• Particle size can affect persistence (degradation) and efficacy. Larger particles persist and
vaporise over longer periods and degrade at a lower rate, but have lower efficacy. Smaller
particles persist and vaporise over shorter periods and degrade at a higher rate, but have higher
efficacy.
Mode of action of sulphur fungicides (Yarwood 1949; Tweedy, 1969; Pearson, 1988; Mametz and
Raoul 2001; Mametz, 2003)
• Sulphur efficacy (for example against powdery mildew) is related to contact and vapour activity.
• Contact activity usually has a minor role in the efficacy of sulphur products. Contact activity (eg.
against powdery mildew conidia) declines as particle size increases. Particles of 12µm or more
have less than 20% efficacy. Contact activity is not temperature dependent (providing particles
have not vaporised).
• Vapour activity is temperature dependent. Below 15°C, sulphur activity is confined to contact
activity because vapour activity is negligible. Vapour activity is optimal at 25-30°C.
• Sulphur inhibits germination of spores of the powdery mildew fungus, although the mode of
action is uncertain. Sulphur vapour may be absorbed into lipids in spores and metabolism by the
fungus may lead to hydrogen sulphide (H2S) production and blocking of respiration. The
reduction of sulphur to H2S also requires a large amount of energy (cf.. Krebs cycle) which is
drawn from the fungus. Sulphur has less efficacy against established mycelia of powdery mildew.
Demethylation inhibiting (DMI) fungicides are superior to sulphur in this regard.
• Studies have indicated that when micronised sulphur (eg. Thiovit®) is applied to leaf surfaces:
• 60% of sulphur is bound to lipids of cuticular waxes on leaves within 2 hours of
application. Of this 60%, up to 10% is used in plant metabolism and incorporated into
amino acids and other compounds;
• 10% of sulphur is vaporised within 2 hours;
• 10% remains on the leaf surface but is not fixed to lipids and is readily removed by
washing;
• 20% does not usually reach the leaf surface and is deposited on the ground or elsewhere.
• The effect of sulphur on mites appears to be predominantly associated with vapour activity on
mite juveniles.
Sulphur phytotoxicity (Mametz and Raoul 2001; Mametz, 2003)
• Phytotoxicity can be related to sulphur particle size. Particles less than 1µm readily vaporise
(when temperatures exceed 15°C) and, at high temperatures, are absorbed into stomata where they
can cause phytotoxicity. Products are more likely to cause phytotoxicity when more than 15% of
particles are less than 1µm.
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• Phytotoxicity occurs when sulphur (S) is oxidised to produce SO2, which is then converted to SO3
in humid air in the stomata. The SO3 is absorbed into water to produce sulphuric acid (H2SO4)
which burns the plant tissues.
• Temperature and relative humidity also affect phytotoxicity. Sulphur phytotoxicity usually occurs
within 2 hours of application when temperatures exceed 28°C. Phytotoxicity is more likely to
occur when plant surfaces are dry and prevailing humidity is high. If humidity is high,
phytotoxicity is more likely to occur at lower temperatures. Because of this, cut-off temperatures
for potential phytotoxicity vary in different countries and regions (eg. 28°C in France, 32°C in
Australia and 40°C or more in California USA). However, these cut-off temperatures may also be
related to the rates of sulphur used in each country. Concentrate spraying may increase the risk of
phytotoxicity.
• Phytotoxicity is also more likely to occur on foliage exposed to sunshine because of “magnifying
glass effects” when temperatures exceed 28°C. In France, sprays can be applied in the early
morning of a hot day, providing humidity is low.
Degradation and efficacy of sulphur (Thomas et al. 1993A, 1993B; Warren and Murphy 1998;
Mametz and Raoul 2001)
• The degradation of sulphur on plant surfaces is related to temperature and particle size. At higher
temperatures, efficacy is higher because particles vaporise at a higher rate. However, degradation
is faster and persistence is less. At high temperatures (eg. 28-30°C or more), sulphur is not likely
to persist on foliage and retain efficacy for more than 10 days. This is also likely to depend on the
initial rate of application and the type of leaf surface.
• Washing effects of rain or overhead irrigation are mostly on the upper surface of leaves and on the
outer parts of vine canopies. If rain occurs within 2 hours of application, micronised sulphur
sprays should be re-applied. After 2 hours, micronised sulphur sprays are relatively washable and
may only need to be re-applied if rainfall exceeds 25mm. This may not apply to wettable
powders, which are likely to be less washable, or dusts, which are not rain-fast. Rainfastness is
mostly related to particle size. Particles of 25µm are not rainfast.
Application rates (Mametz and Raoul 2001)
• The effects of particle size and temperature can, to some extent, be offset by changes to
application rates. In some countries (eg. France, Italy and Switzerland), high application rates are
used early in the season to increase efficacy during periods of low temperature.
• Application rates vary between countries (eg. 1-1.2 kg/100L or 10-12 kg/ha in France, Italy, and
Switzerland; 600g/100L or 6 kg/ha in the USA and most other countries, and 200-300g/100L or 23 kg/ha in Australia and South Africa).
• Product application rates have been established in each country on the basis of efficacy trials
conducted by chemical companies. In Australia, most of these trials were conducted many years
ago.
Effects of adjuvants (Mametz and Raoul 2001; Mametz 2003)
• Sulphur wettable powders are affected by some dispersants. Dispersants in emulsifiable
concentrate formulations mixed with wettable powders in the spray tank can lead to flocculation
(clumping) of sulphur particles which are then likely to rapidly settle on the floor of the tank and
block nozzles. After flocculation, the dose applied to foliage and subsequent efficacy may be
reduced substantially.
• Dry flowable micronised sulphur formulations (eg. Thiovit®) are not prone to immediate
flocculation and can be mixed with a wider range of commonly used dispersants.
• Non-ionic wetting agents (eg. Citowett®) reduce the surface tension of water and appear to
improve dispersion of particles and coverage. However, experience indicates that the addition of
wetters to sprays may increase run-off and limit the amount of spray (and chemical) retained on
canopies.
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• Oils, with the exception of terpenic oil (pine oil) tank mixed with sulphur formulations (eg.
Thiovit®), do not appear to increase the efficacy of sulphur for powdery mildew control and may
increase the likelihood of phytotoxicity on vine foliage.
Use of sulphur to reduce the development of powdery mildew fungicide resistance (Steva 1994, Steva
and Cazenave 1995; Gubler et al. 1996; Ypema et al. 1997; Steva 2001)
• The excessive use of fungicides with single-site activity (eg. DMI fungicides) can increase the
selection of strains of powdery mildew that are resistant to these fungicides.
• Sulphur is a multi-site fungicide that is used in spray programs to minimise the selection of
strains of powdery mildew that are resistant to DMI fungicides.
• The aim of anti-resistance spraying strategies is to minimise or eliminate the selection of strains
with DMI resistance. Increases in populations of DMI resistant strains can result in reduced
control of powdery mildew in vineyards.
• Potential strategies include:
1. changing the rate or dose of the DMI fungicide;
2. using fungicide mixtures (eg. tank mixes of a DMI fungicide and sulphur);
3. alternating single or groups of sprays of DMI fungicides with those of sulphur.
• Steva conducted large replicated field experiments in vineyards in Portugal and France over four
consecutive years to determine the efficacy and shifts in fungicide resistance associated with
spray programs containing different combinations of sulphur (Thiovit®) and DMI fungicide
(Bayfidan®) sprays. Each year, six or seven sprays were applied at two-week intervals. Usually
three sprays were applied before flowering, one spray was applied at flowering and three sprays
were applied after flowering.
• In Experiment 1, the dose rate of Bayfidan® was reduced to half of the recommended rate.
Bayfidan® resistance increased and the efficacy of Bayfidan® decreased.
• In Experiment 2, spray programs with Bayfidan® (B) were compared with spray programs where
tank mixes of Bayfidan® and sulphur (B+S) were applied. With B and B+S spray programs,
Bayfidan® resistance increased to 47% and 25%, respectively.
• In Experiment 3, spray programs with the following fungicide treatments were compared (where
B = Bayfidan®, S = sulphur and f = flowering):
1. Bayfidan® only (ie. B, B, B, f, B, B, B);
2. Bayfidan® followed by sulphur six hours later (ie. B/S, B/S, B/S, f, B/S, B/S, B/S);
3. Bayfidan® and sulphur tank-mix (ie. B+S, B+S, B+S, f, B+S, B+S, B+S);
4. Sulphur then Bayfidan® treatments alternated (ie. S, B, S, f, B, S, B).
• Studies with C14 Bayfidan® showed that the uptake of Bayfidan® into grapevine foliage was
reduced from 70% to 10% when Bayfidan® was tank-mixed with sulphur. Hence, the efficacy
of Bayfidan® for powdery mildew control was reduced.
• The application of Bayfidan® and then sulphur six hours later resulted in the additive effects
of both fungicides (in relation to powdery mildew control). The uptake and efficacy of
Bayfidan® was not reduced by sulphur.
• When sulphur sprays were alternated with Bayfidan® sprays, the increase in Bayfidan®
resistance was substantially less than when Bayfidan® alone was sprayed repeatedly.
• In Experiment 4, eight different sulphur and DMI fungicide spray programs were applied over
three seasons. The programs, along with comments on their efficacy and the development of
Bayfidan® resistance, are summarised in Table 1.
Table 1. The effects of Bayfidan® and sulphur spray programs on the control of powdery
mildew and shifts in powdery mildew resistance to Bayfidan®.
Spray Program
(1)
(2)

B, B, B, f, S, S, S
S, S, S, f, B, B, B

Efficacy
(Powdery mildew control)
Good in all years
Poor in 2 out of 3 years
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Shift in
Bayfidan® resistance
Little or no shift
Higher shift in resistance than (1)

Spray Program
(3)
(4)
(5)
(6)
(7)
(8)

•

B, B, B, f, B, B, B
S, S, S, f, S, S, S
B, B, S, f, S, S, S
S, B, B, f, B, S, S
S, S, B, f, B, B, S
S, S, S, f, S, B, B

Efficacy
(Powdery mildew control)
Poor in all years
Poor in some years
Good in most years
Good in all years
Good in all years
Poor in some years

Shift in
Bayfidan® resistance
Highest shift in resistance
No shift in resistance
Higher shift than with (6) & (7)
Lowest shift in resistance
Lowest shift in resistance
Higher shift in resistance than (5) but less
than (3)

These results support conclusions from studies in Australia (Chapter 2) that showed that two or
three sprays of a DMI fungicide in a sulphur spray program should be applied around flowering
for optimum control of powdery mildew and management of fungicide resistance.

Use of sulphur for Phomopsis control (Bugaret 2001)
• Field studies in France showed that high rates of wettable sulphur (1000g/100L) applied at or just
after bud-burst provided good control of Phomopsis. The level of control was similar to that
provided by mancozeb. The latter is widely used for Phomopsis control in Australian vineyards.

3.6 Summary
Sulphur formulations include dusts, wettable powders, dry flowable wettable granules (micronised
sulphurs) and liquid flowables. Formulations differ with respect to particle size, which can affect
persistence (degradation) and efficacy. Sulphur efficacy for powdery mildew control is related to
contact and vapour activity. Contact activity appears to have a minor role in the efficacy of sulphur
products. Vapour activity is temperature dependent. Phytotoxicity can be related to sulphur particle
size, temperature and relative humidity. The degradation of sulphur on plant surfaces is related to
temperature and particle size. Rainfastness is mostly related to particle size. Sulphur is a multi-site
fungicide that is used in spray programs for powdery mildew control and to minimise the selection of
strains of powdery mildew that are resistant to newer single-site fungicides.

3.7 Acknowledgements
The authors thank Graeme Hardwick and Scott Mathew, Syngenta Crop Protection (Australia) and
Raymond Mametz and Thierry Raoul, Syngenta/Novartis Agro S.A. (France) for assistance and
comments, Syngenta Crop Protection (Australia) and Syngenta/Novartis Agro S.A. (France) for
financial support during a European study tour in 2001, the Grape and Wine Research and
Development Corporation, Horticulture Australia and the Department of Primary Industries in
Victoria for financial support, and Lynette Deland for assistance during the preparation of this
review.

3.8 References
Bugaret, Y. (2001). Personal communication. Meeting at Bordeaux France.
Burchfield, H.P. (1967). Chemical and physical interactions. In “Fungicides. An advanced treatise.”
Volume 1. D.C. Torgeson (ed.), Academic Press, New York and London. p. 463-508.
Emmett, R.W. (2001). Report on overseas travel to France and Switzerland. Syngenta/Novartis Study
Tour, June-July 2001. Department of Natural Resources and Environment, Mildura Vic. 7pp.
Forsyth, W. (1802). “A treatise on the culture and management of fruit trees.” Nichols and Son,
London UK.

56

Gubler, W.D., Ypema, H.L., Ouimette, D.G. and Bettiga, L.J. (1996). Occurrence of resistance in
Uncinula necator to triadimefon, myclobutanil, and fenarimol in California grapevines. Plant Disease
80: 902-909.
Hartley, T. (1996). Sulphur particle size composition. Australian Grapegrower and Winemaker No.
393: 76.
Pearson, R.C. (1988). Powdery mildew. In: “Compendium of Grape Diseases”. R.C. Pearson and
A.C. Goheen (Eds.), APS Press, St. Paul, Minnesota USA. p.9-11.
Mametz, R. (2003). Personal Communication: Email July 2003. Syngenta Agro S.A., Rueil
Malmaison France.
Mametz, R., and Raoul, T. (2001). Personal Communication. Meeting at the Syngenta/Novartis Agro
S.A. Thiovit® Production Plant, Rueil Malmaison France.
Somers, E. (1967). Formulation. In “Fungicides. An advanced treatise.” Volume 1. D.C. Torgeson
(ed.), Academic Press, New York and London. p. 153-193.
Steva, H. (1994). Evaluating anti-resistance strategies for control of Uncinula necator. In ‘Fungicide
Resistance’. S. Heaney, D. Slawson, D. W. Hollomon, M. Smith, P. E. Russell and D. W. Parry (Ed.),
BCPC Monograph No. 60: 243-250.
Steva, H. (2001). Personal communication. Meeting at Biorizon, Martillac France.
Steva, H. and Cazenave, C. (1995). Evolution of grape powdery mildew sensitivity to DMI
fungicides. Report Biorizon S. A., Centre de Resources, Bordeaux Montesquieu, Martillac, France. 6
pp.
Thatcher, R.W. and Streeter, L.R. (1925). The adherence to foliage of sulfur in fungicidal dusts and
sprays. New York State Agric. Expt. Sta. Tech. Bull. No. 116: 1-18.
Thomas, C.S., Boulton, R.B., Silacci, M.W. and Gubler, W.D. (1993). The effect of elemental
sulphur, yeast strain, and fermentation medium on hydrogen sulphide production during fermentation.
Am. J. Enol. Vitic. 44 (2): 211-216.
Thomas, C.S., Gubler, W.D., Silacci, M.W. and Miller, R. (1993). Changes in elemental sulphur
residues on Pinot Noir and Cabernet Sauvignon grape berries during the growing season. Am. J.
Enol. Vitic. 44 (2): 205-210.
Tweedy, B.G. (1969). Elemental sulphur. In “Fungicides An advanced treatise.” Volume 2. D.C.
Torgeson (ed.), Academic Press, New York and London. p. 119-145.
Warren, M. and Murphy, K. (1998). Relating bio-efficacy to spray application. Abstr. 10th Aust.
Wine Indust. Technical Conference "2025 - Meeting the Technical Challenge". p.57.
Yarwood, C. E. (1949). Effect of temperature on the fungicidal action of sulphur. Phytopathology 40:
173-180.
Ypema, H. L., Ypema, M. and Gubler, W.D. (1997). Sensitivity of Uncinula necator to benomyl,
triadimefon, myclobutanil, and fenarimol in California. Plant Disease 81: 293-297.

57

4. Effects of sulphur formulations on the development of grape powdery
mildew
Trevor Wicks, Catherine Hitch and Bob Emmett
4.1 Abstract
Five field trials were conducted to determine the effects of type of formulation on the efficacy of
sulphur for the control of grapevine powdery mildew. Types of formulation that were compared
included a wettable powder (Sulfine®), dry flowable, micronised wettable granules (Thiovit®) and a
flowable liquid (Headland Flowable Sulphur®). In all trials the efficacy of spray programs with each
sulphur formulation applied at an equivalent rate of active sulphur was similar. In most trials the
efficacy of Sulfine® or Thiovit® was improved when the recommended application rate was increased
by two or three times. In one trial, Sulfine® or Thiovit® applied at two or three times the
recommended application rate increased necrosis on leaves of Sultana grapevines. When fungicides
were applied at their recommended application rates, spray programs with Sulfine® or Thiovit® were
not as effective as programs with a demethylation inhibiting (DMI) fungicide (Topas®).
Publications on this R&D:

4.2 Introduction
Types of formulations of sulphur registered in Australia for the control of grape powdery mildew
include dusts (e.g. Dusting Sulfur®), wettable powders (eg. Sulfine®), dry flowable, micronised
wettable granules (e.g. Thiovit®) and flowable liquids (eg. Headland Flowable Sulphur®). Wettable
powder, dry flowable granule and flowable liquid formulations are most widely used. Most grape
growers do not use dusts because they are not as rain-fast and have to be re-applied after rain.
Furthermore, they cannot be tank mixed with most other fungicides or pesticides because the latter
are predominantly applied in solution as sprays.
The composition of sulphur formulations can be different with respect to particle size (Hartley 1996,
Chapter 3). Sulphur dusts comprise mostly of particles with diameters around 25µm. The size of
particles in wettable powder and dry flowable formulations can vary from 0.1µm to more than 25µm
(Hartley 1996). Some dry flowable formulations (e.g. Thiovit®) have a higher proportion of particles
between 1µm and 10µm. According to some manufacturers, particle sizes from 1µm to 10µm are
optimal for sulphur efficacy, persistence on plant surfaces and crop safety. As sulphur formulations
vary in relation to particle size, they may also differ in efficacy for the control of powdery mildew.
The latter may account for the inconsistent efficacy of sulphur spray programs in some vineyards, an
issue that has been raised by grape growers. For clarification, field studies were required to see if
there were differences in efficacy between spray programs with different sulphur formulations.

4.3 Research objectives
This chapter reports studies to determine the effects of spray programs with different formulations of
sulphur fungicides on the development of powdery mildew on grapevine leaves and bunches.

4.4 Methods
Trial designs.
Field trials (Field Trials 1-5) were conducted in 1998/99 in cool climate vineyards at Adelaide,
Lenswood and Nuriootpa SA, and in a warm climate vineyard at Loxton SA. Trial sites at the latter
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three locations were situated approximately 30km east, 100km north east and 300km north east of
Adelaide SA, respectively. Details of the trial sites and designs are shown in Tables 1 and 2.

Table 1. Site details and trial designs for Field Trials 1 and 2 in 1998/99.
Field Trial 1

Field Trial 2

Waite Campus, University of
Adelaide, Adelaide SA

Lenswood Research Centre, Lenswood
SA

Grapevine
variety

Sultana

Chardonnay

Design

Randomised complete block

Randomised complete block

Replicates

5

5

Plot size

2 vines

8 vines

Age of vines

>15 years

6 years

Vines spacing

3m between rows
1.6m between vines

3m between rows
1.6m between vines

Irrigation

Drip

Drip

Pruning

Spur pruned

Spur pruned

Trellising

Vertical wire support

Vertical wire support

Location

Table 2. Site details and trial designs for Field Trials 3-5 in 1998/99.
Field Trial 3

Field Trial 4

Field Trial 5

Nuriootpa Research
Centre, Nuriootpa SA

Nuriootpa Research
Centre, Nuriootpa SA

Loxton Research
Centre, Loxton SA

Grapevine
variety

Chardonnay

Chardonnay

Colombard

Design

Randomised complete
block

Randomised complete
block

Randomised complete
block

Replicates

4

4

3

Location
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Field Trial 3

Field Trial 4

Field Trial 5

Plot size

24 vines

30 vines

48 vines

Age of vines

5 years

19 years

20 years

Vines spacing

3.5m between rows
2.25m between vines

3.5m between rows
2.25m between vines

3.5m between rows
2.5m between vines

Irrigation

Drip

Drip

Under vine micro-jet

Pruning

Permanent arm spurs,
single cordon

Permanent arm spurs,
single cordon

Box pruned (machine)

Trellising

Single wire at 1m with a
foliage wire at 1.4m

Single wire at 1m with a
foliage wire at 1.4m

2 wire vertical

Treatments.
Details of treatments applied in each field trial are shown in Tables 3 and 4. The types of sulphur
formulations compared included a wettable powder [Sulfine® Wettable Sulphur Fungicide and
Miticide, 80% weight for weight (w/w) sulphur, Crop Care Australasia, Pinkenba Qld], dry flowable,
micronised wettable granules (Thiovit® Dry Flowable Sulphur Fungicide and Miticide, 80% w/w
sulphur, Syngenta (formerly Novartis) Crop Protection Australasia, Pendle Hill NSW), and a
flowable liquid (Headland Sulphur® Fungicide and Miticide, 80% w/v sulphur, Headland Australasia,
Melbourne Vic). The efficacy of spray programs with the sulphur treatments was compared with the
efficacy of spray programs with a DMI fungicide treatment (Topas® 100 EC Systemic Fungicide,
10% w/v penconazole, Syngenta Crop Protection Australasia, Pendle Hill NSW). Spray application
details for the trials at Lenswood, Nuriootpa and Loxton are summarised in Tables 5, 6, 7 and 8,
respectively.

Table 3. Treatments applied in Field Trials 1-5 in 1998/99.
Treatment

Rate per 100L

Field Trial
1

2

3

4

5

Adelaide

Lenswood

Nuriootpa

Nuriootpa

Loxton

+

+

+

+

+

200mL

+

+

+

+

+

Sulfine 1R

200g

+

+

+

+

+

Sulfine 2R

400g

+

+

+

Sulfine 3R

600g

+

Untreated
Headland 1R
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Treatment

Rate per 100L

Field Trial
1

2

3

4

5

Adelaide

Lenswood

Nuriootpa

Nuriootpa

Loxton

+

+

Thiovit 1R

200g

+

+

+

Thiovit 2R

400g

+

+

+

Topas 1R

12.5mL

+

+

+

Table 4. Spray application details for Field Trial 1 at Adelaide SA in 1998/99.
Spray equipment

Solo® motorised back-pack sprayer

Volume per hectare (L)

Between 500 and 1000

Method

Spray applied to run-off

Application dates

1

13/10/98

28/10/98

16/11/98

1/12/98

16/12/98

Days after last spray

-

15

19

15

15

Vine growth stage1

15

17

25

29

31

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Table 5. Spray application details for Field Trial 2 at Lenswood SA in 1998/99.
Spray equipment

Solo® motorised back-pack sprayer

Volume per hectare (L)

Between 500 and 1000

Method

Spray applied to run-off

Application dates

1

15/10/98

28/10/98

16/11/98

1/12/98

16/12/98

Days after last spray

-

13

19

15

15

Vine growth stage1

12

15

19

23

29

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).
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Table 6. Spray application details for Field Trials 3 and 4 at Nuriootpa SA in 1998/99.
Spray equipment

Solo® motorised back-pack sprayer
sprayer (Field Trial 4)

Volume per hectare (L)

Between 500 and 1000

Method

Spray applied to run-off

Application dates

1

(Field Trial 3) or Air Mist®

15/10/98

28/10/98

16/11/98

1/12/98

16/12/98

Days after last spray

-

13

19

15

15

Vine growth stage1

12

15

19

23

29

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Table 7. Spray application details for Field Trial 5 at Loxton SA in 1998/99.
Spray equipment

Air Mist® sprayer

Volume per
hectare (L)

136 (all applications)

Application dates

8/10/98

21/10/98

3/11/98

18/11/98

1/12/98

14/12/98

29/12/98

-

13

13

15

13

13

15

15

18

27

29

31

32

33

Days after last
spray
Vine growth stage1
1

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Monitoring of environmental conditions.
Daily weather data were collected from automated weather stations at the Research Centres where the
trials were conducted.
Assessments of phytotoxicity.
Bunches and foliage on vines were examined regularly for necrosis and other abnormalities after
sprays were applied. In Field Trial 1, the number of leaves with necrosis (burning) in a 1m2 quadrant
of the canopy of the centre vine of each plot was assessed five weeks after the last fungicide
treatment.
Disease assessments.
At the various times (indicated in Figures 1-19), 50 leaves and bunches were selected at random from
the two vines at the centre of each plot and assessed for disease incidence (percent leaves or bunches
diseased) and severity (percent leaf or bunch area diseased) using standardised assessment keys
(Emmett, unpublished). Leaves were assessed in the laboratory by examining their upper and lower
surfaces. All bunches were assessed on vines except at harvest, when the bunches were picked and
then examined.
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Statistical analyses.
Standard ANOVA as implemented in the statistics program "Statistix for Windows V2" was used to
analyse the trial data.

4.5 Results
In Figures 1-19, Control, Headland, Thiovit, Sulphine, Thiovit 2xRR, Sulfine 2xRR and Sulfine
3xRR and Topas are equivalent to Untreated, Headland 1R, Thiovit 1R, Sulfine 1R, Thiovit 2R,
Sulfine 2R and Sulfine 3R and Topas 1R, respectively in Table 3.
Field Trial 1(Adelaide SA).
All fungicide treatments reduced incidence and severity of powdery mildew on leaves at each time of
assessment (Figures 1 and 2). The efficacy of the different sulphur formulations was similar when
they were applied at equivalent rates of active sulphur. Powdery mildew control on leaves provided
by Thiovit® or Sulfine® in January and March 1999 was improved when application rates were
increased two or three times (Figures 1 and 2).
All fungicide treatments also reduced disease incidence and severity on bunches (Figures 3 and 4).
The Topas® treatment was most effective. On vines treated with Thiovit® or Sulfine®, less disease
developed on bunches treated at two or three times the recommended application rate. However, the
number of leaves with necrosis (burning) was higher on these vines than on other vines five weeks
after the last fungicide application (Figure 5).
Field Trial 2 (Lenswood SA).
All fungicide treatments reduced incidence and severity of powdery mildew on leaves and bunches in
January 1999 (Figures 6-9). By harvest in February 1999, reductions in disease incidence were not as
obvious (Figures 6 and 8). Nevertheless, disease severity remained lower on leaves and bunches on
vines with fungicide treatments (Figures 7 and 9). As in Trial 1, the efficacy of the different sulphur
formulations applied at equivalent rates of active sulphur was similar, especially in relation to disease
severity. On the fungicide treated vines, disease severity was least where Sulfine® was applied at
twice the recommended rate or where Topas® was applied. This was more apparent on bunches than
on leaves.
Field Trials 3 and 4 (Nuriootpa SA).
Powdery mildew developed extensively on the unsprayed vines in Trials 3 and 4 (Figures 10-15). At
harvest, nearly 70% of bunches were diseased in Trial 3 (Figure 10). However, the severity of
powdery mildew was low and less than 10% of the area of bunches was diseased (Figure 11). All
treatments provided good control of powdery mildew and there were no differences between
treatments that were applied by hand in Trial 3 (Figures 10 and 11). On the machine treated vines in
Trial 4 at harvest, all fungicide treatments reduced the incidence and severity of disease on leaves
(Figures 12 and 13) and the severity of disease on bunches (Figure 15).
Field Trial 5 (Loxton SA).
Efficacies of the sulphur formulations on leaves were similar (Figures 16 and 17). Incidence and
severity of powdery mildew were low on bunches on the untreated vines in mid December, but by
mid January, the incidence of disease was 100% (Figure 18). At harvest in mid January, all
treatments reduced the incidence and severity of disease on bunches (Figures 18 and 19).

4.6 Discussion
When sprays were thoroughly applied, there were no differences in efficacy between the sulphur
formulations. It appears, therefore, that differences in the effectiveness of sulphur formulations are
unlikely to account for the variable performance of sulphur reported by some growers. The poor
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performance of sulphur spray programs in some vineyards is more likely to be a result of inadequate
spray application and/or dose rate.
In Field Trial 1, phytotoxicity on grapevine leaves increased when the rates of some sulphur
fungicides were increased (Figure 5). This particularly applied to the wettable powder formulation
(Sulfine®). In this study, there were also more burnt leaves on vines treated with Thiovit 2R than on
vines treated with the DMI fungicide (Topas®). Although no other phytotoxicity was observed on
vines in the other trials, the results of Field Trial 5 indicate that phytotoxicity is more likely to occur
with Sulfine® than the other fungicides. This observation supports claims by manufacturers that the
newer improved dry flowable formulations of micronised sulphur (eg. Thiovit®) are not as likely to
cause phytotoxicity as the older wettable powder formulations.
Generally, spray programs with sulphur formulations were not as effective as programs with Topas®
unless high rates of sulphur were used. However, the application of spray programs with only
Topas® or other DMI fungicides is not recommended because of potential problems with fungicide
resistance (Steva 1994, 2001).

4.7 Summary
When sulphur formulations were applied at equivalent rates, there was no difference in their effects
on the severity of grape powdery mildew. Generally, spray programs with sulphur formulations were
not as effective as a program with Topas®, unless high rates of sulphur were used. However, the
application of spray programs with only a DMI fungicide such as Topas® is not recommended
because of potential problems with fungicide resistance. Applying double or triple the recommended
rate of sulphur improved the level of powdery mildew control, but on one occasion the higher rates
increased necrosis (burning) on leaves of Sultana grapevines.
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Figure 1. Effects of spray programs with different sulphur fungicide formulations on the
incidence of powdery mildew on the upper surface of leaves of Sultana grapevines (percent
leaves diseased) in Field Trial 1 at Adelaide SA on 16 December 1998, 6 January 1999 and 4
March 1999. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05). “Control” vines were not treated].
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Figure 2. Effects of spray programs with different sulphur fungicide formulations on the
severity of powdery mildew on the upper surface of leaves of Sultana grapevines (percent leaf
area diseased) in Field Trial 1 at Adelaide SA on 16 December 1998, 6 January 1999 and 4
March 1999. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05). “Control” vines were not treated].
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[At each assessment time, treatments with a lower case letter in common were not significantly
different (P>0.05). “Control” vines were not treated].
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Figure 6. Effects of spray programs with different sulphur fungicide formulations on the
incidence of powdery mildew on the upper surface of leaves of Chardonnay grapevines
(percent leaves diseased) in Field Trial 2 at Lenswood SA on 14 January 1999 and 25 February
1999. [At each assessment time, treatments with a lower case letter in common were not significantly
different (P>0.05). “Control” vines were not treated].

67

30
a

14/01/1999

% leaf area diseased

25
25/02/1999

20
ab

15
b
b

10

b
b
b

5
a
b

0
Control

b

Thiovit

b

Headland

b

Sulfine

b

Thiovit
2xRR

b

Sulfine
2xRR

Topas

% bunches diseased
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[At each assessment time, treatments with a lower case letter in common were not significantly
different (P>0.05). “Control” vines were not treated].

100
90
80
70
60
50
40
30
20
10
0

21/12/1998

a
a
ab

14/01/1999

ab
ab

25/02/1999

a

b

ab

b

b
b
b

a

b
b

Control

Thiovit

b

Headland

b

b

b

b

b

Sulfine

Thiovit
2xRR

Sulfine
2xRR

Topas
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Figure 12. Effects of spray programs with different sulphur fungicide formulations on the
incidence of powdery mildew on the upper surface of machine-sprayed leaves of Chardonnay
grapevines (percent leaves diseased) in Field Trial 4 at Nuriootpa SA at harvest on 15 February
1999. [At each assessment time, treatments with a lower case letter in common were not significantly
different (P>0.05). “Control” vines were not treated].
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Figure 13. Effects of spray programs with different sulphur fungicide formulations on the
severity of powdery mildew on the upper surface of machine-sprayed leaves of Chardonnay
grapevines (percent leaf area diseased) in Field Trial 4 at Nuriootpa SA at harvest on 15
February 1999. [At each assessment time, treatments with a lower case letter in common were not
significantly different (P>0.05). “Control” vines were not treated].
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Figure 14. Effects of spray programs with different sulphur fungicide formulations on the
incidence of powdery mildew on machine-sprayed bunches on Chardonnay grapevines (percent
bunches diseased) in Field Trial 4 at Nuriootpa SA on 30 November 1998, 14 December 1998,
13 January 1999 and 15 February 1999. [At each assessment time, treatments with a lower case
letter in common were not significantly different (P>0.05). “Control” vines were not treated].
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5. Effects of some adjuvants on the efficacy of sulphur for powdery mildew
control
Bob Emmett, Shelley Rozario and Julie Hawtin
Related research on the above topic in HA Project DG 01002 (Emmett 2003) is summarised below.

5.1 Summary
•
•
•
•

•
•

Various types of adjuvants can be used with fungicide sprays. These include wetter/spreaders
(eg. Citowett®), oils (eg. Synertrol® Oil) and sticker/extenders (eg. Bond®).
Field studies were conducted to examine the efficacy of spray programs with sulphur (Thiovit®)
alone or in combination with adjuvants (Citowett®, Synertrol® or Bond®) for the control of
powdery mildew on grapevines.
In some trials, the efficacy of these programs was compared with that of programs with sulphur
(Thiovit®) and a DMI fungicide (Bayfidan®).
The addition of Citowett®, Synertrol® Oil or Bond® to spray solutions of wettable sulphur
(Thiovit®) did not improve the control of powdery mildew on bunches when sprays were
thoroughly applied. However, spray programs with Thiovit® and Bond® reduced disease severity
on leaves more than programs with Thiovit®, Thiovit® and Citowett®, and Thiovit® and
Synertrol® Oil.
Spray solutions of Thiovit® and Synertrol® Oil caused phytotoxicity on young vine foliage
(Figure 1) in some trials when sprays were applied at two weeks after bud burst.
In field trials conducted in commercial vineyards, spray programs with Thiovit® and Bayfidan®
reduced disease severity on bunches more than spray programs with Thiovit® or Thiovit® and
Synertrol® Oil.

Figure 1. Phytotoxicity on young leaves of Sultana grapevines sprayed with Thiovit® and
Synertrol® Oil. (Photo taken 10 days after spray application).

5.2 Reference
Emmett, R.W. (2003). Strategic use of sulphur in disease and pest management programs for dried
fruit production. Final Project Report for Horticulture Australia Ltd. Department of Primary
Industries, Mildura Vic. 66pp.
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6. Effects of temperature and application rates on the degradation, efficacy
and phytotoxicity of sulphur

___________________________________________________________________________

6.1 Effects of temperature and application rates on the degradation of
sulphur on grapevine leaves
Bob Emmett, Kent Davies, Catherine Hitch, John Reynolds and Trevor Wicks

6.2 Effects of temperature and application rates on the efficacy of sulphur
for powdery mildew control
Trevor Wicks, Catherine Hitch and Bob Emmett

6.3 Effects of temperature and application rates on the phytotoxicity of
sulphur on grapevines
Peter Magarey, Trevor Wicks, Catherine Hitch and Bob Emmett
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6.1 Effects of temperature and application rates on the degradation of
sulphur on grapevine leaves
Bob Emmett, Kent Davies, Catherine Hitch, John Reynolds and Trevor Wicks

6.1.1 Abstract
Studies of the degradation of sulphur on leaves of grapevines (Vitis vinifera cv. Chardonnay) were
conducted in controlled environment rooms at temperatures of 15oC, 20oC, 25oC and 30oC. Leaves
on grapevine seedlings were thoroughly treated with a single application of wettable sulphur
(Thiovit®) at 300g/100L (1.5 times the recommended rate, Thiovit 1.5R), at 600g/100L (Thiovit 3R)
or at 1200g/100L (Thiovit 6R) using a hand sprayer. Samples of treated leaves were collected from
Day 0 to Day 28 after treatment and analysed for percent weight for weight sulphur (% w/w S).
Linear regression models described the change in the total sulphur on leaves with time after treatment
at different temperatures and application rates. Three-dimensional graphs and contour plots of the
predicted values for total sulphur on leaves indicated that sulphur degradation was slow over 28 days,
except at the highest application rate. Degradation profiles showed that the rate of sulphur
degradation on leaves was similar at all temperatures for each application rate. The rate of wettable
sulphur application influenced the total amount of sulphur on leaves and the rate of sulphur
degradation. Rates of sulphur degradation were higher at higher application rates.
An explanation of the results is presented. When wettable sulphur is applied to leaves at up to three
times the recommended rate, sulphur deposits may attach to cuticular waxes on the leaf surface and
slowly degrade. At higher application rates, some sulphur deposits may attach to other sulphur
deposits instead of to waxes on the plant surface and may degrade or become dislodged at a higher
rate. On leaves of mature vines in vineyards, other factors such as sunlight, wind, physical abrasion
and differences in leaf surface characteristics may also affect sulphur degradation. Profiles of
sulphur degradation may also be different after multiple applications of wettable sulphur. The
relationship between the degradation of sulphur on leaves and the efficacy of sulphur for powdery
mildew and mite control is discussed.
Publications on this R&D: Nil

6.1.2 Introduction
Previous studies of the application of some wettable sulphur formulations to other plants have shown
that portions of the applied sulphur were either vapourised, attached to waxes on the plant surface
and then slowly vapourised, or absorbed and added to levels of sulphur already present in plant
tissues (R. Mametz, personal communication; Chapter 3). Some fungicide manufacturers have also
reported that the vapour activity of sulphur fungicides on plant surfaces is dependent on temperature.
It is commonly accepted, for example, that vapour activity of sulphur fungicides does not occur at
temperatures below 15oC. Reduced vapour activity at low temperatures may result in reduced
efficacy of sulphur for powdery mildew control on grapevines in cool conditions, especially early in
the season in cool climate vineyards. In some countries (eg. France and the United States), the
reduced efficacy of sulphur in cool conditions early in the season has been addressed by increasing
rates of sulphur application, under the assumption that the resultant increase in contact activity of
sulphur will improve efficacy. However, no reports were available on the effects of temperature in
combination with spray application rate on the degradation of sulphur on grapevine foliage.
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6.1.3 Research objective
This chapter reports studies conducted to determine the degradation of sulphur on grapevine leaves in
controlled environment rooms at different temperatures after the application of single sprays of
wettable sulphur at different rates.

6.1.4 Methods
Test plants.
Treatments were applied to seedlings of grapevines (Vitis vinifera cv. Chardonnay) that were 2030cm in height in controlled environment rooms at the Plant Research Centre, Adelaide SA. Prior to
treatment, the seedlings had been grown in a glasshouse for at least three weeks and had not been
sprayed with fungicides.
Temperature treatments.
In each temperature treatment run, different sets of grapevine seedlings were placed in controlled
environment rooms, each at 15oC, 20oC, 25oC or 30oC. Temperature treatment runs were repeated
over three different periods so that each temperature treatment was replicated three times.
Sulphur treatments.
The following procedure was carried out for each temperature treatment. Three trays of grapevine
seedlings (12 seedlings/tray) were thoroughly sprayed to run-off with wettable sulphur (Thiovit®,
80% sulphur, Syngenta Crop Protection, Adelaide SA) at 300g/100L (1.5 times the recommended
application rate, Thiovit 1.5R), at 600g/100L (Thiovit 3R) or at 1200g/100L (Thiovit 6R) using a
hand held sprayer. Another three trays of seedlings were not treated with sulphur. The trays of
seedlings were arranged in a randomised complete block design in a controlled environment room so
that each block contained a tray of seedlings with each sulphur treatment (ie. untreated, Thiovit 1.5R,
Thiovit 3R and Thiovit 6R).
Sulphur analyses.
Leaves and petioles were sampled for sulphur analysis on the day of treatment [one hour after
treatment, Day 0] and on Days 1, 3, 7, 14 and 28 after treatment. At each sampling time, sets of four
treated leaves and petioles of similar age and size, were selected at random from each tray, collected
(with minimal contact and residue disturbance) and successively stored at -20oC. No more than one
leaf per seedling was collected at each sampling time.
After all of the samples had been collected and stored, each sample was macerated, digested with
nitric acid and analysed using an inductively coupled plasma-emission spectrometer at 182.034nm to
determine percent weight for weight sulphur (% w/w S).
Statistical analyses.
Analysis of variance and linear regression, as implemented in the GenStat statistical package
(GenStat Committee, 2000), was used to investigate relationships between sulphur levels on leaves
and temperature, spray application rate and time after application. Variance ratio (or F) tests for the
contribution of linear, quadratic and cross-product terms, in temperature, rate and time, were used to
identify a model that provided the best description of the data.
A natural logarithm transformation of the amounts of sulphur on leaves was used to stabilise the
variance of the residuals in the analysis of variance and the subsequent regression. Using orthogonal
polynomials, the treatment sums of squares were separated into linear and quadratic effects to assist
in the identification of a suitable model for the relationship between the logarithm of the amount of
sulphur on leaves and temperature, initial application rate and time elapsed after application. Threeway means (temperature by rate by time) of the log transformed sulphur levels on leaves were saved
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from the analysis of variance and regressed on the actual values of temperature (15 oC, 20 oC, 25 oC,
30 oC), time (0, 1, 3, 7, 14, 28 days) and sulphur application rate (untreated, Thiovit 1.5R, Thiovit 3R,
Thiovit 6R).
Predicted values from the selected regression model were graphed to visualise the fitted model.
Three-dimensional graphs and contour plots were produced showing predicted values of the total
amounts of sulphur on leaves based on an exponential back transformation of the values predicted by
the model. Graphs were also produced indicating the change in the total amounts of sulphur on
leaves based on an exponential back transformation of the predicted values with time at each
temperature and at each application rate.

6.1.5 Results
Model of sulphur degradation on grapevine leaves
The fitted model for the logarithm of the amount of sulphur on leaves had an R2 of 97.0%, a very
significant linear decline with time, a strong positive linear effect of application rate (possibly
coupled with a negative quadratic effect of application rate), and an interaction of application rate
with temperature.
The three-dimensional graphs (Figure 1) and contour plots (Figure 2) of the total amount of sulphur
on leaves, based on an exponential back transformation of the predicted values, indicated that
degradation of sulphur over 28 days was slow, except at the highest application rate (Thiovit 6R). If
degradation was fast, contours in the plots in Figure 2 would be vertically positioned, rather than
horizontally positioned, on each graph. As there is some curvature in the contours, degradation of
0.1% w/w sulphur or more on leaves appeared to occur at the high application rate (Thiovit 6R) over
28 days at the four temperatures.
Effects of application rate on sulphur degradation at different temperatures.
Profiles (linear models) describing the degradation of total amounts of sulphur (% w/w S) on
grapevine leaves over 28 days at different temperatures after single treatments with Thiovit® at
different application rates are shown in Figure 3. The profiles were based on an exponential back
transformation of predicted values from the fitted model outlined above. The degradation profiles,
which were related to the initial amount of sulphur applied and the amounts retained on leaves, were
more dispersed at 15°C.
Effects of temperature on sulphur degradation at different application rates.
Profiles (linear models) describing the degradation of total amounts of sulphur (% w/w S) on
grapevine leaves over 28 days after single treatments with Thiovit® at different application rates and
exposure to different temperatures are shown in Figure 4. Again, the profiles were based on an
exponential back transformation of predicted values from the fitted model outlined above.
The rate of sulphur application influenced the amount of sulphur deposited on leaves and the rate of
sulphur degradation. The total amounts of sulphur on leaves were higher at higher application rates.
There was an interaction between temperature and application rate (Figure 4). This was noticeable at
the extreme rates (ie. untreated and Thiovit 6R). The degradation profile at 15°C was the lowest and
it was virtually indistinguishable from the other temperature profiles when leaves were untreated but
it was the highest when leaves were treated with Thiovit 6R.

6.1.6 Discussion
Data from this study were used to produce a model of the degradation of the total amount of sulphur
(% w/w S) on leaves of Chardonnay grapevines at different temperatures after treatment with
Thiovit®. Accordingly, the three-dimensional graphs (Figure 1) or contour plots (Figure 2) can be
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used to predict the total amount of sulphur on leaves at a specified time (>0-28 days) and at a
®
particular temperature (15°C, 20°C, 25°C or 30°C) after the application of Thiovit at a specified
application rate (from >0-6 times the recommended application rate of 200g/100L).
The rate of degradation of the total amount of sulphur on the leaves over the 28 day period was
slightly exponential. Also, the rate of decline was influenced multiplicatively by combinations of the
application rate and the temperature. This is evident in Figures 4 where the degradation profiles for
sulphur become steeper as the application rate increases. At the highest application rate (Thiovit 6R),
the degradation rate exhibits some dependency on temperature because the degradation profile for
Thiovit 6R is steepest at 15ºC.
This study has produced some unexpected results. Apparently, more sulphur adhered to leaves at the
high application rate (Thiovit 6R) and at low temperature (15ºC). In these circumstances, the sulphur
on leaves also degraded faster, than the sulphur with other combinations of application rate and
temperature. Nevertheless, the total amount of sulphur on leaves with the high application rate and
low temperature treatment combination did not fall below the amounts of sulphur resulting from the
other treatment combinations during the 28-day period of study. A possible explanation of this
observation is that some of the sulphur may have been deposited onto other sulphur deposits that
were fixed to cuticular waxes on the leaf surface when wettable sulphur was applied at the high
application rate. These ‘overlaid’ deposits may have been degraded or dislodged at a faster rate at the
low temperature than the deposits that were bound to cuticular waxes on the leaf surface. Other
authors have reported differences between fungicide particle to plant surface adhesion and fungicide
particle to particle cohesion (Burchfield, 1967). They have also proposed that these differences
affect fungicide tenacity at different application rates.
The profiles of sulphur degradation reported here have been determined from studies conducted
under constant temperatures in controlled environments on hand-sprayed, glass-house grown
grapevine seedlings after single treatments with wettable sulphur at different rates. On leaves of
grapevines in field conditions, other factors may also affect the tenacity of sulphur deposits and
sulphur degradation. Cuticle thickness and wax texture of leaves in the field is likely to differ from
that of leaves on vines produced in a glasshouse. The tenacity of sulphur deposits may also be
affected by sunlight, wind, physical abrasion and other factors as reported by other authors for other
protectant fungicides (Somers, 1967). Furthermore, profiles of sulphur degradation may be different
after multiple applications of wettable sulphur, alone or in combination with other fungicides, when
applied with spray machines in vineyard disease and pest control programs.
In this study, grapevine leaves were analysed to determine the total amount of sulphur. A proportion
of this sulphur is present naturally within leaf tissues as indicated by the analyses of untreated leaves.
After treatment with wettable sulphur, only sulphur reflected by the increment above the background
amounts of sulphur in leaves is likely to be available for the control of powdery mildew or mites.
Furthermore, some of this sulphur may not be available because it is bound to the plant surface.
While the decline or degradation of the total amount of sulphur on leaves is likely to be related to
changes in the efficacy of sulphur for disease and pest control, the proportion of this total amount that
contributes to disease and pest control has not been determined. Some insight into the relationship
between the degradation of total amounts of sulphur in leaves and the efficacy of sulphur for powdery
mildew control is presented in Chapter 7 of this report.

6.1.7 Summary
Profiles of the degradation of total amounts of sulphur on grapevine leaves at constant temperatures
of 15oC, 20oC, 25oC and 30oC were determined after grapevine seedlings were treated with single
sprays of wettable sulphur (Thiovit®) at 1.5, 3 and 6 times the recommended application rate. Sulphur
degradation over 28 days was slow and was similar at all temperatures for each application rate. The
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total amount of sulphur on leaves and the rate of sulphur degradation were influenced by application
rate. Rates of sulphur degradation were higher at higher application rates. Factors that may affect
the tenacity of sulphur deposits and sulphur degradation on leaves of grapevines in controlled
environments include sulphur particle to plant surface adhesion and particle to particle cohesion.
Additional factors that may affect sulphur degradation on vine leaves in the field include sunlight,
wind, physical abrasion and differences in leaf surface characteristics.
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Figure 1. Three dimensional graphs showing predicted total amounts of sulphur (% w/w S) on
leaves of Chardonnay grapevines at different temperatures after treatment with Thiovit®.
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Figure 2. Contour plots showing predicted total amounts of sulphur (% w/w S) on leaves of
Chardonnay grapevines at different temperatures after treatment with Thiovit®.
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Figure 3. Linear models of the degradation of exponentially back-transformed total amounts
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6.2 Effects of temperature and application rates on the efficacy of sulphur
for powdery mildew control
Trevor Wicks, Catherine Hitch and Bob Emmett
6.2.1 Abstract
Six laboratory experiments and three field trials were conducted to determine the effects of
temperature and application rates on the efficacy of wettable sulphur (Thiovit®) for the control of
grapevine powdery mildew (Uncinula necator).
In most laboratory experiments, where diseased grapevine leaves were treated, the efficacy of
Thiovit® applied at the recommended rate (200g/100L) was slightly lower at 15oC than at 20oC and
30oC. Increasing the application rate of Thiovit® from 200g/100L (Thiovit 1R) to 400g/100L
(Thiovit 2R) improved efficacy at 15oC and 20oC. However, increasing the application rate from
300g/100L (Thiovit 1.5R) to 600g/100L (Thiovit 3R) did not improve efficacy at 20oC.
The efficacy of sulphur was also slightly lower at 15oC when Thiovit 1.5R was applied up to 14 days
before or after inoculation with conidiospores of U. necator. Good control of powdery mildew was
achieved when wettable sulphur (Thiovit® or Flosul®) was applied at the recommended rate or at
twice the recommended rate up to 14 days after inoculation, even at 20oC when the temperature was
very favourable for disease development.
Established powdery mildew infections were controlled when wettable sulphur was applied evenly
over the leaf surface. Almost complete control of powdery mildew was achieved with most sulphur
treatments. Studies of the efficacy of Thiovit® sprays applied at different levels of coverage and
concentrations (rates of application) indicated that this high level of disease control could be a result
of the complete coverage of leaves when they were treated individually using a hand-held sprayer.
Hence, the poor control of powdery mildew in some vineyards may be due to poor spray coverage
instead of the low efficacy of sulphur or the reduced efficacy of sulphur at low temperatures (ie.
15oC), when wettable sulphur is applied at the recommended rate,. It was apparent that the level of
powdery mildew control achieved when spray coverage is poor can be increased by increasing
application rates of wettable sulphur (Thiovit®) to at least three times the recommended rate.
The results of field studies supported the above hypothesis. In cool and warm climate vineyards, the
efficacy of spray programs with Thiovit® for the control of powdery mildew increased when
application rates were increased. In trials where high levels of disease developed on untreated vines,
spray programs with Thiovit 3R and Thiovit 6R reduced disease incidence on leaves more than those
with Thiovit 1.5R. In most trials, treatment programs with Thiovit 3R and Thiovit 6R also reduced
disease incidence on leaves more than those with the standard Thiovit®/Topas® spray program. There
was also a trend towards lower severities of disease on leaves and, in some cases, on bunches treated
with Thiovit 3R and Thiovit 6R in comparison with those treated with Thiovit 1.5R. The weight of
bunches on sprayed vines was also higher than those on untreated vines. In one trial, the weight of
bunches treated with Thiovit 3R and Thiovit 6R was higher than those treated with Thiovit 1.5R or
the Thiovit®/Topas® program.
Publications on this R&D: Wicks et al. 2001; Wicks and Hitch 2001; Wicks et al. 2002.
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6.2.2 Introduction
Various theories about the mode of action of sulphur fungicides on pathogenic fungi have been
proposed and some of these theories have been discarded (Tweedy 1969). Currently it is accepted
that wettable sulphur is a protectant fungicide with little or no curative activity (Ehr et al. 2002). The
efficacy of sulphur for the control of plant pathogens such as grapevine powdery mildew is related to
the contact and vapour activity of sulphur particles (Tweedy 1969; Raymond Mametz, personal
communication 2001; Chapter 3). Contact activity is related to particle size and is not affected
significantly by temperature. However, the vapour activity of sulphur particles is temperature
dependent. It is commonly believed, for example, that the vapour activity of sulphur is negligible
below 15oC and optimal at 18-22oC (Chapter 3). As the vapour activity of sulphur is regarded as a
major factor contributing to the efficacy of sulphur fungicides, it is also generally accepted that
sulphur efficacy for powdery mildew control is reduced at lower temperatures. Some authors (Wicks
et al. 1997) have reported poor or mediocre control of powdery mildew with sulphur spray programs
in some cool climate vineyards.
To address the reduced efficacy of sulphur at low temperatures, some grape growers have adopted the
strategy of applying sulphur fungicides at higher than recommended rates in cool weather conditions,
especially in early spring in cool climate vineyards. However, more studies of the effects of
temperature in combination with application rates on the efficacy of sulphur fungicides were needed
to provide a scientific basis for this approach to the use of sulphur in Australian vineyards.

6.2.3 Research objectives
This chapter reports studies that were conducted to determine (1) the effects of temperature on the
efficacy of sulphur for powdery mildew control and (2) if higher application rates for wettable
sulphur will improve the efficacy of sulphur at low temperatures.

6.2.4 Methods
Six laboratory experiments (Experiments 1-6) and three field trials (Field trials 1-3) were conducted
to study the effects of temperature and application rates of wettable sulphur on the control of
grapevine powdery mildew.
Experiments 1-3 were conducted to determine the effects of temperature on the efficacy of wettable
sulphur (Thiovit®) applied at the recommended rate (200g/100L, Thiovit 1R) and twice the
recommend rate (400g/100L, Thiovit 2R) to established colonies of powdery mildew (Uncinula
necator) on leaves of grapevines (Vitis vinifera cv. Chardonnay). Experiment 1 was conducted on
excised leaves and Experiments 2 and 3 were conducted on leaves of potted vines.
Experiments 4 and 5 were conducted to determine the effects of temperature on the efficacy of
Thiovit® (a dry flowable formulation of wettable sulphur) when applied to leaves of Chardonnay
seedlings at 1.5 times the recommended rate (300g/100L, Thiovit 1.5R) and three times the
recommended rate (600g/100L, Thiovit 3R) either before or after inoculation with conidia of U.
necator. The efficacy of Flosul® (Rotam Flowsul SC Liquid Fungicide/Miticide®, 800g/L sulphur, a
liquid formulation of wettable sulphur) applied at 1.5 times the recommended rate (300mL/100L,
Flosul 1.5R) and three times the recommended rate (600mL/100L, Flosul 3R) was also studied.
Experiment 6 was conducted to determine the effects of spray coverage and application rates on the
efficacy of wettable sulphur for the control of powdery mildew on leaves of Chardonnay seedlings.
Field trials 1-3 were conducted to evaluate the efficacy of spray programs with wettable sulphur
(Thiovit®) applied at different rates to Chardonnay grapevines in cool and warm climate vineyards.
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Experiment 1.
Experiment design and treatments.
Leaves with abundant powdery mildew sporulation were picked from grapevine cuttings growing in
the glasshouse. Individual leaves were placed into vials containing water and their petioles were cut
under the water. Five replicates of single leaves in vials with each fungicide treatment (Thiovit 1R,
Thiovit 2R and untreated) were arranged in a complete randomised block design in controlled
environment rooms, each with a constant day/night temperature of 15oC, 20oC or 30oC and a 12 hour
(h) light/dark regime. The fungicide treatments were applied to the upper and lower surface of leaves
using a hand-held sprayer. The spray volumes used were sufficient to wet the leaves up to just before
run off and treated leaves were not placed in the controlled environment rooms until after the spray
deposits on the leaves had dried.
Disease assessments.
Leaves were assessed for powdery mildew severity just before treatment and seven days after
treatment using a 0-10 scale, where 0 = no disease, and 10 = leaves completely covered with powdery
mildew.
Statistical analyses.
The effects of treatments on the percent reduction in powdery mildew severity was analysed using a
two-sample T test.
Experiments 2 and 3.
Experiment design and treatments.
Fungicide treatments (Thiovit 1R, Thiovit 2R or untreated) were applied to leaves on grapevine
cuttings in pots. Five replicates of sets of three grapevine cuttings with each treatment were arranged
in a complete randomised block design in controlled environment rooms, each with a constant
day/night temperature of 15oC, 20oC or 30oC and a 12h light/dark regime. The fungicide treatments
were applied to the upper and lower surfaces of leaves using a hand-held sprayer. The spray volumes
used were sufficient to wet the leaves up to just before run off and treated leaves were not placed in
the controlled environment rooms until after the spray deposits on the leaves had dried.
Disease assessments.
Three to 14 tagged leaves on each treated vine were assessed for powdery mildew severity as
described for Experiment 1.
Statistical analyses.
The percent reduction in powdery mildew severity was analysed as described for Experiment 1.
Experiments 4 and 5.
Production of grapevine seedlings.
Chardonnay seeds were collected from a winery press in the Barossa Valley SA on 19 February 2001.
After the seeds were sifted to remove grape skins and other matter, they were dried in a glasshouse
for 5 days. The seeds were then dusted with captan (Captan®, 800g/kg captan, Crop Care Australasia,
Pinkenba Qld), sealed in plastic bags and placed in cold storage at 4oC. Seedling trays containing a
soil mix with two parts recycled steam-sterilised soil, one part sand and one part peat moss were
prepared. The seeds were sprinkled onto the soil, covered with sand and moistened. The trays with
the seeds were sealed in a polyethylene bag and placed in cold storage at 4oC. After 4 weeks, the
trays were removed from cold storage and placed onto a heat mat at 20-25oC to promote seed
germination. After 2-3 weeks, when the first true leaf had appeared, the seedlings were transplanted
into sterilised soil in 10cm square pots. The seedlings were grown in the glasshouse for a further 2-3
weeks until the third true leaf had developed. The seedlings were fertilised once by watering with a
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solution containing Aquasol® and were watered three times each week prior to and during each
experiment.
Experiment design and treatments.
The fungicide treatments in Table 1 were applied to the upper and lower surface of leaves on the
grapevine seedlings using a hand-held sprayer. Approximately 5mL of spray were applied to each
plant to wet the leaves up to just before run off. Sets of five disease-free seedlings with each
treatment were replicated five times and arranged in a complete randomised block design in
controlled environment rooms, each with a constant day/night temperature of 15oC, 20oC or 30oC and
a 12h light/dark regime. Treated plants were not placed in the controlled environment rooms until
after the spray deposits on the leaves had dried.
Five replicates of sets of five disease-free seedlings were selected as untreated controls for each
preventative treatment where fungicides were applied 3, 7 and 14 days before inoculation. Similar
sets of untreated plants were also used as controls for the curative treatments where fungicides were
applied 3, 7 and 14 days after inoculation.

Table 1. Temperature and fungicide treatment regimes applied to leaves of Chardonnay
seedlings treated with different rates of Thiovit® or Flosul® in Experiments 4 and 5.
Fungicide treatment

Application rate
(g/100L or mL/100L)

Temperature treatment
(oC)

Treatment regime
(days before or after
inoculation or treatment)

Thiovit 1.5R

300

15, 20 or 30

3, 7 and 14

Thiovit 3R

600

20

3, 7 and 14

Flosul 1.5R

300

20

3, 7 and 14

Flosul 3R

600

20

3, 7 and 14

Inoculation.
Seedlings for inoculation were selected at random from sets of plants with each treatment. The
seedlings were placed in a 46L plastic garbage bin that had a 15cm diameter hole cut into the centre
of the lid. At day zero for the curative fungicide treatments or at 3, 7, and 14 days after the
preventative fungicide treatments, conidia of U. necator from two or three grapevine leaves with
heavily sporulating powdery mildew were brushed over the seedlings. The hole in the lid of the bin
was covered and conidia were left to settle on the upper and lower surfaces of leaves on the seedlings
for 3-5 minutes. After inoculation, the seedlings were immediately returned to their respective
controlled environment rooms.
Disease assessments.
Seventeen days after inoculation or fungicide treatment, two or three tagged leaves on each seedling
were assessed for powdery mildew severity as described for Experiment 1.
Statistical analyses.
A one-way-ANOVA test was used to determine statistical differences between treatments for the
percent reduction in powdery mildew severity.
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Experiment 6.
Experiment design and treatments.
Upper and lower surfaces of leaves of Chardonnay seedlings approximately 10 weeks old were
sprayed with Thiovit® at 300g/100L (1.5 times the recommended rate, Thiovit 1.5R), at 600g/100L
(Thiovit 3R) or at 1200g/100L (Thiovit 6R) using a hand-held sprayer. Sets of five seedlings at each
application rate with ‘good coverage’ were sprayed with 35mL of fungicide solution and sets of five
seedlings at each application rate with ‘poor coverage’ were sprayed with 20mL of fungicide
solution. Additional sets of five seedlings were not sprayed and were used as untreated controls.
After three days, three sprayed leaves on each seedling were tagged and inoculated with conidia of U.
necator using a settling tower as described for Experiments 4 and 5. After inoculation, the seedlings
with each treatment were arranged in a complete randomised block design and maintained in a
glasshouse at 20-30oC.
Disease assessments.
Fourteen days after inoculation, the upper surfaces of the tagged leaves on each seedling were
assessed for powdery mildew incidence (percent leaves diseased) and severity (percent leaf area
diseased) using standardised assessment keys (Emmett, unpublished).
Statistical analyses.
Standard ANOVA as implemented in the statistics program "Statistix for Windows V2" was used to
analyse the data.
Field trials 1-3.
Trial designs and treatments.
Field trials were carried out in 2000/01 in cool climate vineyards at Lenswood and Nuriootpa and in a
warm climate vineyard at Loxton situated approximately 50km east, 100km north east and 300km
north east of Adelaide SA, respectively. Details of the trial sites, designs and treatments are shown in
Table 2 and 3. Spray application details for the trials at Lenswood, Nuriootpa and Loxton are
summarised in Tables 4, 5 and 6, respectively.
Table 2. Site details and trial designs for Field Trials 1-3 in 2000/01.
Field Trial 1

Field Trial 2

Field Trial 3

Lenswood Research
Centre, Lenswood SA

Nuriootpa Research
Centre, Nuriootpa SA

Loxton Research
Centre, Loxton SA

Grapevine
variety

Chardonnay

Chardonnay

Chardonnay

Design

Randomised complete
block

Randomised complete
block

Randomised complete
block

Replicates

5

4

5

Plot size

8 vines

18 vines

12 vines

Age of vines

10 years

6 years

7 years

Location
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Field Trial 1

Field Trial 2

Field Trial 3

3m between rows
1.6m between vines

3.5m between rows
2.25m between vines

2.5m between vines

Irrigation

Drip

Drip

Under vine microjet

Pruning

Spur pruned

Permanent arm spurs,
single cordon

Box pruned (machine)

Trellising

Vertical wire support

Single wire at 1m with a
foliage wire at 1.4m

2 wire vertical

Vines spacing

Table 3. Fungicide treatments applied in Field Trials 1-3 in 2000/01.
Location

Treatment

Rate per 100L

Number of
applications

1. Lenswood

Thiovit 1.5R

300g

6

Thiovit 3R

600g

6

Thiovit 6R

1200g

6

Thiovit 1.5R
and Topas program

300g
12.5ml

6

Untreated

-

-

Thiovit 1.5R

300g

5

Thiovit 3R

600g

5

Thiovit 4R

800g

5

Thiovit 6R

1200g

5

Untreated

-

-

Thiovit 1.5R

300g

7

Thiovit 3R

600g

7

Thiovit 6R

1200g

7

Thiovit 1.5R
and Topas program

300g
12.5ml

7

Untreated

-

-

2. Nuriootpa

3. Loxton
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Table 4. Spray application details for Field Trial 1 at Lenswood SA in 2000/01.

1

Spray equipment

Solo® motorised back pack sprayers

Application dates

23/10/00

13/11/00

29/11/00

13/12/00

27/12/00

12/01/01

Volume per hectare
(L)

573

625

794

625

638

703

Days after last spray

-

21

16

14

14

16

Vine growth stage1

14

17

23

27

31

32

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Table 5. Spray application details for Field Trial 2 at Nuriootpa SA in 2000/01.
Spray equipment

Hardi “Mini-SPV” Mist Blower®

Volume per hectare (L)

Between 236 and 884

Application dates

1

4/10/00

20/10/00

8/11/00

20/11/00

7/12/00

Days after last spray

-

16

19

12

17

Vine growth stage1

12

15

17

25

31

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Table 6. Spray application details for Field Trial 3 at Loxton SA in 2000/01.

1

Spray
equipment

Air Mist® sprayer

Volume per
hectare (L)

672 (all applications)

Application
dates

20/9/00

5/10/00

20/10/00

1/11/00

14/11/00

28/11/00

12/12/00

Days after last
spray

-

15

15

12

13

14

14

Vine growth
stage1

7

14

17

19

24

30

33

Eichhorn and Lorenz grapevine growth stage number (Coombe, 1995).

Monitoring of environmental conditions.
Daily weather data were collected from automated weather stations at the Research Centres where the
trials were conducted.
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Disease assessments.
At the various times (indicated in Figures 3-6, 8-11 and 13-16), fifty leaves and bunches were
selected at random from two vines at the centre of each plot and assessed for disease incidence
(percent leaves or bunches diseased) and severity (percent leaf or bunch area diseased) using
standardised assessment keys (Emmett, unpublished). Leaves were assessed in the laboratory by
examining their upper and lower surfaces. All bunches were assessed on vines except at harvest
when the bunches were picked and then examined.
Yield assessments.
At harvest on 28, 22 and 13 February 2001 for Field Trials 1, 2 and 3, respectively, bunches collected
for disease assessment were weighed and the average weight of bunches with each treatment was
determined.
Statistical analyses.
Standard ANOVA as implemented in the statistics program "Statistix for Windows V2" was used to
analyse the trial data.

6.2.5 Results
Experiment 1.
Effects of temperature and Thiovit® application rates on powdery mildew on excised leaves.
The reduction in powdery mildew severity on leaves treated with Thiovit 1R was higher at 20oC than
at 15oC (Table 7). Temperature did not significantly affect powdery mildew control on leaves treated
with Thiovit 2R. At each application rate (Thiovit 1R and Thiovit 2R), temperature (15oC or 20oC)
did not affect the efficacy of Thiovit®. Data at 30oC were not obtained because infected leaves
senesced and separated from their petioles.
Table 7. Effects of temperature and application rates of Thiovit® on the control of powdery
mildew on excised grapevine leaves in Experiment 1.
Rate of Thiovit®

Reduction in disease severity
(%) 1

15

Thiovit 1R

75a

20

Thiovit 1R

98b

Temperature
o

( C)

Two sample T test

(P>0.03)

15

Thiovit 2R

88a

20

Thiovit 2R

93a

Two sample T test

n.s.

15

Thiovit 1R

75a

15

Thiovit 2R

88a

Two sample T test

n.s.

20

Thiovit 1R

98a

20

Thiovit 2R

93a

Two sample T test

n.s.

1

Within a column for each two sample T test, disease reductions with a different lower-case letter were
significantly different (P>0.03); n.s. = not significant.
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Experiments 2 and 3.
Effects of temperature and Thiovit® application rates on powdery mildew on leaves on potted vines.
In Experiment 2, temperature did not significantly affect powdery mildew control at each application
rate (ie. Thiovit 1R and Thiovit 2R). However, the reduction in powdery mildew severity on leaves
was higher with Thiovit 2R than with Thiovit 1R at 15oC and at 20oC (Table 8).
Similar results were obtained in Experiment 3. Temperature did not affect powdery mildew control
at each application rate. At 15oC, Thiovit 2R provided better control of powdery mildew than Thiovit
1R. However, at 20oC, the application rates of Thiovit® did not significantly affect the control of
powdery mildew (Table 9).
Table 8. Effects of temperature and application rates of Thiovit® on the control of powdery
mildew on leaves of grapevine cuttings in Experiment 2.
Temperature
(oC)
15

Rate of Thiovit®
Thiovit 1R

Reduction in disease severity
(%) 1
38.1a

20

Thiovit 1R

38.4a

Two sample T test

n.s.

15

Thiovit 2R

61.3a

20

Thiovit 2R

61.0a

Two sample T test

n.s.

15

Thiovit 1R

38.4a

15

Thiovit 2R

64.3b

Two sample T test

P>0.05

20

Thiovit 1R

38.4a

20

Thiovit 2R

61.0b

Two sample T test

P>0.01

1

Within a column for each two sample T test, disease reductions with a different lower-case letter were
significantly different (P>0.01 or 0.05); n.s. = not significant.

Table 9. Effects of temperature and application rates of Thiovit® on the control of powdery
mildew on leaves of grapevine cuttings in Experiment 3.
Temperature
(oC)

Rate of Thiovit®

Reduction in disease severity
(%) 1

15

Thiovit 1R

72a

20

Thiovit 1R

78a

Two sample T test

n.s.

15

Thiovit 2R

91a

20

Thiovit 2R

81a

Two sample T test
15

n.s
Thiovit 1R

94

72a

Temperature
(oC)

Rate of Thiovit®

Reduction in disease severity
(%) 1

15

Thiovit 2R

91b

Two sample T test

P=0.008

20

Thiovit 1R

78a

20

Thiovit 2R

82a

Two sample T test

n.s.

1

Within a column for each two sample T test, disease reductions with a different lower-case letter were
significantly different (P>0.008); n.s. = not significant.

Experiments 4 and 5.
Effects of temperature and application rates of wettable sulphur on powdery mildew on leaves of
grapevine seedlings.
In these experiments nearly complete control of powdery mildew was achieved with Thiovit® or
Flosul® applied 3, 7, or 14 days before inoculation. In general, the efficacy of these treatments was
not improved by increasing the rate of fungicide application nor was there any marked effect of
temperature on the efficacy of most treatments. There was a slight but significant decrease in control
on the plants treated with Thiovit® 3 days before inoculation at 15oC compared to those at 20oC and
30oC (Table 10).
Although good control was achieved with the curative treatments in Experiment 5, there was a
significant effect of temperature when Thiovit® was applied after infection. In these studies Thiovit®
applied 3, 7, or 14 days after inoculation was more effective at 20oC and 30oC than at 15oC. Thiovit
1.5R and Thiovit 3R provided similar control of powdery mildew at 20oC when applied 3, 7, or 14
days after inoculation. Similar results were obtained with Flosul 1.5R and Flosul 3R (Tables 10 and
11).
Table 10. Effects of temperature on the percent reduction of powdery mildew severity on
leaves of grapevine seedlings treated with Thiovit® or Flosul® at different application rates 3, 7
or 14 days before inoculation with U. necator in Experiment 4.
Fungicide
treatment

Fungicide
application
rate
(g/100L or
mL/100L)

Temperature
treatment
(oC)

Thiovit 1.5R

300

15

96.8b

98.3a

99.6a

Thiovit 1.5R

300

20

99.5a

99.6a

100a

Thiovit 1.5R

300

30

99.7a

98.2a

99.2b

Significant
(P>0.05)

n.s.

Significant
(P>0.05)

One-wayANOVA test

Reduction in powdery mildew severity
(%)1
Treated 3 days Treated 7 days Treated 14 days
before
before
before
inoculation
inoculation
inoculation

Thiovit 1.5R

300

20

99.5a

99.6b

100a

Thiovit 3R

600

20

99.8a

100a

100a
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Fungicide
treatment

Fungicide
application
rate
(g/100L or
mL/100L)

Temperature
treatment
(oC)

Reduction in powdery mildew severity
(%)1
Treated 3 days Treated 7 days Treated 14 days
before
before
before
inoculation
inoculation
inoculation

One-wayANOVA test

n.s.

Significant
(P>0.05)

n.s.

Flosul 1.5R

300

20

100a

99.8a

99.9a

Flosul 3R

600

20

99.9a

100a

100a

n.s.

n.s.

n.s.

One-wayANOVA test
1

Within a column for each one-way-ANOVA test, disease reductions with a different lower-case letter were
significantly different (P>0.05); n.s. = not significant.

Table 11. Effects of temperature on the percent reduction of powdery mildew severity on
leaves of grapevine seedlings treated with Thiovit® or Flosul® at different application rates 3, 7
or 14 days after inoculation with U. necator in Experiment 5.
Fungicide
treatment

Fungicide
application
rate
(g/100L or
mL/100L)

Temperature
treatment
(oC)

Thiovit 1.5R

300

15

94.4b

95.6b

94.9b

Thiovit 1.5R

300

20

98.8a

99.9a

99.3a

Thiovit 1.5R

300

30

98.5a

99.8a

100a

Significant
(P>0.05)

Significant
(P>0.05)

Significant
(P>0.05)

One-wayANOVA test

Reduction in powdery mildew severity
(%)1
Treated 3 days Treated 7 days Treated 14 days
after
after
after
inoculation
inoculation
inoculation

Thiovit 1.5R

300

20

98.8a

99.9a

99.3a

Thiovit 3R

600

20

99.7a

98.8b

99.3a

n.s.

Significant
(P>0.05)

n.s.

One-wayANOVA test
Flosul 1.5R

300

20

99.6a

99.6a

99.2b

Flosul 3R

600

20

100a

99.7a

99.9a

n.s.

n.s.

Significant
(P>0.05)

One-wayANOVA test
1

Within a column for each one-way-ANOVA test, disease reductions with a different lower-case letter were
significantly different (P>0.05); n.s. = not significant.
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Experiment 6.
Effects of spray coverage and application rates on the efficacy of Thiovit® for the control of powdery
mildew on grapevine leaves.
Visual assessments of spray coverage indicated that 100% of the upper and lower surfaces of most
leaves of plants with good spray coverage were covered with fungicide. On plants with poor spray
coverage, 60-75% of the surface of leaves was covered.
At the end of the experiment, all leaves on plants that were not treated with fungicide were diseased
(Figure 1) and up to 15% of the area of the leaves was diseased (Figure 2). Incidence of powdery
mildew (percent leaves diseased) and disease severity (percent leaf area diseased) on sprayed leaves
was reduced significantly (Figures 1 and 2, respectively). Almost complete control of powdery
mildew was achieved on Thiovit® treated plants with good spray coverage, especially on plants with
Thiovit 3R (600g/100L) and Thiovit 6R (1200g/100L).
In contrast, powdery mildew developed on more than 60% of leaves that were poorly sprayed with
Thiovit 1.5R (300g/100L) and on around 20% of leaves poorly sprayed with Thiovit 3R and Thiovit
6R (Figure 1). Assessments of powdery mildew severity showed a similar trend (Figure 2).
Field Trial 1.
Effects of application rates on the efficacy of Thiovit® for the control of powdery mildew on
grapevine leaves and bunches at Lenswood SA.
Assessments of the incidence and severity of powdery mildew on leaves showed a dose response with
the Thiovit® treatments. The reduction in incidence and severity of disease was highest where leaves
had been treated with the highest application rate of Thiovit® (ie. 1200g/100L, Thiovit 6R) as shown
in Figure 3. This effect was more apparent on the upper surface than on the lower surface of leaves
(Figures 3 and 4). At harvest, leaves treated with Thiovit 3R and Thiovit 6R had less powdery
mildew than those treated with the Thiovit®/Topas® spray program. The latter difference was more
evident on the lower surface of leaves (Figure 4).
All bunches on unsprayed vines were severely diseased by early January 2001 (Figure 5). While
powdery mildew also developed in bunches on the sprayed vines, the severity of the disease was less
than that in bunches on the untreated vines for all of the spray programs (Figure 6). In early January
2001, powdery mildew severity was highest in bunches treated with Thiovit 1.5R and lowest in
bunches treated with the Thiovit®/Topas® program. By harvest, however, the severity of disease in
bunches on vines with each spray program was similar (Figure 6).
All of the grapes on the unsprayed vines were not marketable and the weight of bunches was
substantially lower than those on the sprayed vines (Figure 7). Although the weight of bunches on
vines treated with each spray program was similar, there was a trend towards higher bunch weights
on vines treated with the standard Thiovit®/Topas® program (Figure 7).
Field Trial 2.
Effects of application rates on the efficacy of Thiovit® for the control of powdery mildew on
grapevine leaves and bunches at Nuriootpa SA.
Powdery mildew development in this trial was sparse and at harvest, levels of disease on leaves and
bunches were low in comparison to those on vines in Field Trials 1 and 3. Nevertheless, spray
programs with the higher rates of Thiovit® [Thiovit 3R (600g/100L), Thiovit 4R (800g/100L) and
Thiovit 6R (1200g/100L)] provided good control of disease on leaves (Figures 8 and 9). Levels of
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disease on bunches were not high enough to draw conclusions (Figures 10 and 11) and the spray
treatments did not affect the weight of bunches (Figure 12).
Field Trial 3.
Effects of application rates on the efficacy of Thiovit® for the control of powdery mildew on
grapevine leaves and bunches at Loxton SA.
Powdery mildew developed extensively on the unsprayed vines in this trial and nearly all bunches
and leaves were diseased by mid December 2000. All spray programs with Thiovit® alone, except
those with Thiovit 1.5R (300g/100L), reduced the incidence of disease on the upper and lower
surfaces of leaves (Figures 13 and 14). All spray programs reduced leaf disease severity. Spray
programs with Thiovit® at the highest application rate (1200g/100L, Thiovit 6R) provided the best
control of powdery mildew on leaves. With most spray programs, less disease developed on the
upper surface of leaves.
Similar dose responses with Thiovit® occurred on bunches (Figures 15 and 16). Higher bunch
weights were recorded on vines treated with the higher rates of Thiovit® (600g/100L, Thiovit 3R and
1200g/100L, Thiovit 6R; Figure 17).
The standard Thiovit®/Topas® program reduced powdery mildew incidence on leaves and bunches
more than the program with Thiovit 1.5R®, but less than the programs with Thiovit 6R.

6.2.6 Discussion
In the studies reported here, temperature had only a slight effect on the efficacy of sulphur. The
efficacy of wettable sulphur (Thiovit®) at 1.5 times the recommended rate of application was slightly
reduced at 15oC. In contrast, application rates had a more substantial effect on efficacy. Increasing
the application rate to two or three times the recommended rate improved efficacy at 15oC. Control
of powdery mildew on leaves and bunches in cool and warm climate vineyards was also improved
with Thiovit 3R and Thiovit 6R. These results are consistent with observations of the effects of
temperature and application rates on sulphur degradation reported in the previous chapter. In Chapter
6.1, temperature did not affect the rate of sulphur degradation on grapevine leaves. However, the
total amount of sulphur on leaves and the rate of sulphur degradation, which are likely to influence
efficacy, were affected by rates of sulphur application.
Good control of powdery mildew on leaves was achieved when wettable sulphur (Thiovit® or
Flosul®) was applied at 1.5 times the recommended rate or at three times the recommended rate up to
14 days after inoculation with conidiospores of U. necator. This curative action of sulphur was
unexpected, particularly at 20oC when the temperature was very favourable for disease development.
Established powdery mildew infections were controlled when wettable sulphur was applied evenly
over the leaf surface. In the laboratory, almost complete control of powdery mildew was achieved on
leaves with most sulphur treatments. Studies of the efficacy of Thiovit® sprays applied at different
levels of coverage and concentrations (rates of application) indicated that this high level of disease
control was likely to be a result of the complete coverage of leaves when they were treated
individually using a hand-held sprayer. These results indicate that the poor control of powdery
mildew in some vineyards may be due to poor spray coverage when wettable sulphur is applied at the
recommended rate, instead of the low efficacy of sulphur or the reduced efficacy of sulphur at low
temperatures (ie. 15oC). Furthermore, the results also indicate that the level of powdery mildew
control achieved when spray coverage is poor can be increased by increasing application rates of
wettable sulphur (Thiovit®) to at least three times the recommended rate.
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The results of field studies supported the above hypothesis. In cool and warm climate vineyards, the
efficacy of spray programs with Thiovit® for the control of powdery mildew increased when
application rates were increased. In trials where high levels of disease developed on untreated vines
(Field Trials 1 and 3), spray programs with Thiovit 3R and Thiovit 6R reduced disease incidence on
leaves more than those with Thiovit 1.5R. In most trials, treatment programs with Thiovit 3R and
Thiovit 6R also reduced disease incidence on leaves more than those with the standard
Thiovit®/Topas® spray program. There was also a trend towards lower severities of disease on leaves
and, in some cases, on bunches treated with Thiovit 3R and Thiovit 6R in comparison with those
treated with Thiovit 1.5R. The weight of bunches on sprayed vines was also higher than those on
untreated vines. In one trial (Field Trial 3), the weight of bunches treated with Thiovit 3R and
Thiovit 6R was higher than those treated with Thiovit 1.5R or the Thiovit®/Topas® program.

6.2.7 Summary
In most laboratory studies of the control of powdery mildew (Uncinula necator) on grapevine leaves,
the efficacy of wettable sulphur (Thiovit®) applied at the recommended rate was slightly lower at
constant temperatures of 15oC than at 20oC and 30oC. Increasing the application rate by two or three
times improved efficacy at 15oC. In field studies in cool and warm climate vineyards, the efficacy of
spray programs with Thiovit® increased when application rates were increased. Almost complete
control of powdery mildew was achieved on leaves in the laboratory when wettable sulphur was
thoroughly applied up to 14 days before or after inoculation with conidiospores of U. necator. Spray
coverage studies indicated that this high level of disease control was a result of high spray coverage.
The results indicate that the poor control of powdery mildew in some vineyards may be due to poor
spray coverage when wettable sulphur is applied at the recommended rate instead of the low efficacy
of sulphur or the reduced efficacy of sulphur at low temperatures (ie. 15oC). Also, it was apparent
that the level of powdery mildew control achieved when spray coverage is poor can be increased by
increasing application rates of wettable sulphur (Thiovit®) to at least three times the recommended
rate.

6.2.8 Acknowledgements
The authors thank the Grape and Wine Research and Development Corporation, Primary Industries
and Resources South Australia and the Department of Primary Industries in Victoria for financial
assistance. They also thank farm staff at the Lenswood, Nuriootpa and Loxton Research Centres for
maintenance of the grapevine plantings used for the field studies and assistance with the application
of fungicide treatments.

6.2.9 References
Coombe, B.G. (1995). Adoption of a system of identifying grapevine growth stages. Aust. J. Grape
and Wine Res. 1: 104-110.
Ehr, R.J., Kemmitt, G. and Storey, V. (2002). Periodic table of fungicides. Dow AgroSciences,
Indianapolis IN, USA.
Mametz, R. (2001). Grapes Crop Manager, Novartis Agro S.A., Cedex France. Personal
communication, July 2001.
Tweedy, B.G. (1969). Chapter 4. Elemental sulphur. In “Fungicides. An advanced treatise. Volume
2. Chemistry and physiology.” D.C. Torgenson (ed.), Academic Press, New York, USA. p. 119-145.
Wicks, T.J., Emmett, R.W. and Anderson, C.A. (1997). Integration of DMI fungicides and sulphur
for the control of powdery mildew. Aust. and N.Z. Wine Indust. J. 12: 280-282.

99

Wicks, T.J. and Hitch, C. (2001). Higher sulphur rates improve powdery mildew control. Aust.
Grapegrower and Winemaker 452: 62-64.
Wicks, T.J., Hitch, C. and Emmett, R.W. (2002). Sulphur rates and powdery mildew control in
Australia. In “Proceedings of the Fourth International Workshop on Powdery and Downy Mildew in
Grapevines”. D.M Gadoury, C. Gessler, G. Grove, W.D. Gubler, G.K. Hill, H-H. Kassemeyer, W.K.
Kast, J. Rumbolz and E.S. Scott (Eds.), Department of Plant Pathology, University of California,
Davis, CA. p. 80-81.
Wicks, T.J., Hitch, C. and Hall, B. (2001). Report to Syngenta on the evaluation of Thiovit® for the
efficacy and crop safety of increased rates for the control of powdery mildew on grapevines. South
Australian Research and Development Institute, Adelaide SA. 35 pp.

100

a

100

a

Good Coverage
Poor Coverage

% leaves diseased

80

b

60

40
c

c

20
cd
d

d

0
Untreated

300g/100L

600g/100L

1200g/100L

Figure 1. Effects of spray coverage on the incidence of powdery mildew on leaves of
Chardonnay seedlings (percent leaves diseased) treated with Thiovit® at different application
rates and inoculated with U. necator in Experiment 6. (Treatments with a lower case letter in
common were not significantly different (P>0.05).
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Figure 2. Effects of spray coverage on the severity of powdery mildew on leaves of
Chardonnay seedlings (percent leaf area diseased) treated with Thiovit® at different application
rates and inoculated with U. necator in Experiment 6. (Treatments with a lower case letter in
common were not significantly different (P>0.05).
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Figure 3. Effects of spray programs with different application rates of Thiovit® on the
incidence and severity of powdery mildew on the upper surface of leaves of Chardonnay
grapevines (percent leaves diseased and percent leaf area diseased, respectively) in Field Trial 1
at Lenswood SA at harvest on 28 February 2001. (L.S.D. = least significant difference (P>0.05);
S = Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 4. Effects of spray programs with different application rates of Thiovit® on the
incidence and severity of powdery mildew on the lower surface of leaves of Chardonnay
grapevines (percent leaves diseased and percent leaf area diseased, respectively) in Field Trial 1
at Lenswood SA at harvest on 28 February 2001. (L.S.D. = least significant difference (P>0.05);
S = Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 5. Effects of spray programs with different application rates of Thiovit® on the
incidence of powdery mildew on bunches of Chardonnay grapevines (percent bunches diseased)
in Field Trial 1 at Lenswood SA in 2000/01. (Treatments with a lower case letter in common were
not significantly different (P>0.05). (S = Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 6. Effects of spray programs with different application rates of Thiovit® on the severity
of powdery mildew on bunches of Chardonnay grapevines (percent bunch area diseased) in
Field Trial 1 at Lenswood SA in 2000/01. Treatments with a lower case letter in common were not
significantly different (P>0.05). (S = Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 7. Effects of spray programs with different application rates of Thiovit® on the weight
of bunches of Chardonnay grapevines in Field Trial 1 at Lenswood SA at harvest in March
2001. [L.S.D. = least significant difference (P>0.05)]. (S = Thiovit 300g/100L and T = Topas 12.5
mL/100L).

3.5
L.S.D. (P>0.05) = 2.4

% leaves diseased

3
2.5
2
1.5
1
0.5
0
Untreated

Thiovit
300g/100L

Thiovit
600g/100L

Thiovit
800g/100L

Thiovit
1200g/100L

Treatment

Figure 8. Effects of spray programs with different application rates of Thiovit® on the
incidence of powdery mildew on leaves of Chardonnay grapevines (percent leaves diseased) in
Field Trial 2 at Nuriootpa SA at harvest on 22 February 2001. [L.S.D. = least significant
difference (P>0.05)].
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Figure 9. Effects of spray programs with different application rates of Thiovit® on the severity
of powdery mildew on leaves of Chardonnay grapevines (percent leaf area diseased) in Field
Trial 2 at Nuriootpa SA at harvest on 22 February 2001. [L.S.D. = least significant difference
(P>0.05)].
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Figure 10. Effects of spray programs with different application rates of Thiovit® on the
incidence of powdery mildew on bunches on Chardonnay grapevines (percent bunches
diseased) in Field Trial 2 at Nuriootpa SA at harvest on 22 February 2001. [L.S.D. = least
significant difference (P>0.05)].
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Figure 11. Effects of spray programs with different application rates of Thiovit® on the
severity of powdery mildew on bunches on Chardonnay grapevines (percent bunch area
diseased) in Field Trial 2 at Nuriootpa SA at harvest on 22 February 2001. [L.S.D. = least
significant difference (P>0.05)].

Bunch weight (g)

L.S.D. (P>0.05) = 0.2

100
90
80
70
60
50
40
30
20
10
0

L.S.D. (P>0.05) = 18.6

Untreated

Thiovit
300g/100L

Thiovit
600g/100L

Thiovit
Thiovit
800g/100L 1200g/100L

Treatment

Figure 12. Effects of spray programs with different application rates of Thiovit® on the weight
of bunches of Chardonnay grapevines in Field Trial 2 at Nuriootpa SA at harvest on 22
February 2001. [L.S.D. = least significant difference (P>0.05)].
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Figure 13. Effects of spray programs with different application rates of Thiovit® on the
incidence and severity of powdery mildew on the upper surface of leaves of Chardonnay
grapevines (percent leaves diseased and percent leaf area diseased, respectively) in Field Trial 3
at Loxton SA at harvest on 13 February 2001. (L.S.D. = least significant difference (P>0.05); S =
Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 14. Effects of spray programs with different application rates of Thiovit® on the
incidence and severity of powdery mildew on the lower surface of leaves of Chardonnay
grapevines (percent leaves diseased and percent leaf area diseased, respectively) in Field Trial 3
at Loxton SA at harvest on 13 February 2001. (L.S.D. = least significant difference (P>0.05); S =
Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 15. Effects of spray programs with different application rates of Thiovit® on the
incidence of powdery mildew on bunches of Chardonnay grapevines (percent bunches diseased)
in Field Trial 3 at LoxtonSA in 2000/01. [For legend, see Figure 16. Treatments with a lower case
letter in common were not significantly different (P>0.05); S = Thiovit 300g/100L and T = Topas
12.5 mL/100L].
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Figure 16. Effects of spray programs with different application rates of Thiovit® on the
severity of powdery mildew on bunches of Chardonnay grapevines (percent bunch area
diseased) in Field Trial 3 at Loxton SA in 2000/01. Treatments with a lower case letter in common
were not significantly different (P>0.05). (S = Thiovit 300g/100L and T = Topas 12.5 mL/100L).
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Figure 17. Effects of spray programs with different application rates of Thiovit® on the weight
of bunches on Chardonnay grapevines in Field Trial 3 at Loxton SA at harvest on 13 February
2001. [L.S.D. = least significant difference (P>0.05); S = Thiovit 300g/100L and T = Topas 12.5
mL/100L].
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6.3 Effects of temperature and application rates on the phytotoxicity of
sulphur on grapevines
Peter Magarey, Trevor Wicks, Catherine Hitch and Bob Emmett
6.2.1 Abstract
In Australia, sulphur is a low cost, multi-site fungicide widely used to control grapevine powdery
mildew (Uncinula necator). However, its present use is limited by the risk of phytotoxicity when
applied at >32oC. Eight field-experiments were conducted in three different climatic areas at
Lenswood, Nuriootpa and at Loxton, SA, between 1999-2001. Wettable sulphur (Thiovit®) was
sprayed onto grapevines, Vitis vinifera cv. Sultana, Chardonnay, Shiraz or Sauvignon Blanc, when
temperatures were 33-44oC and relative humidity (RH) was 13-80%. Treatments were applied with
back-pack, hand-pump or commercial air blast sprayers to young foliage. Sulphur rates included
200g/100L (the recommended rate, Thiovit 1R) and rates ranging from 600g/100L (Thiovit 3R) to
1500g/100L (Thiovit 7.5R). Most foliage dried within 3-5 minutes (min) and all foliage dried within
50 min. No phytotoxicity was observed in most experiments. In one experiment, slight burning
occurred on <2% of the youngest leaves on Chardonnay vines with Thiovit 1R and Thiovit 3R at
40oC. In another experiment, similar slight burning was noted only on Chardonnay vines with
Thiovit 7.5R at 42oC. In a further experiment, some minor burning of very young leaves at the tips of
shoots of Shiraz vines was observed after treatment with Thiovit® when temperatures exceeded 40oC.
The results were surprising given that reports elsewhere indicate that sulphur is phytotoxic at >32oC.
In our experiments, phytotoxicity occurred with Thiovit 1R and Thiovit 3R only at RH >75% despite
temperatures >40oC. Wettable sulphur was phytotoxic at lower RH (viz 41oC, RH 13%) only with
Thiovit 4R-7.5R. Further tests are needed to determine threshold conditions for phytotoxicity. These
experiments indicate that phytotoxicity on grapevine foliage is influenced predominantly by an
interaction between temperature, the rate of wettable sulphur applied and relative humidity just after
spraying. It appears that under conditions of low RH (<70%), common in inland Australian
vineyards, wettable sulphur (Thiovit®) can be used safely, even at high temperatures. However, this
needs confirmation, especially in relation to vines under water stress.
Publications on this R&D: Magarey et al. 2002, Magarey et al. 2003.

6.2.2 Introduction
For many years, sulphur has been used in Australian viticulture as a miticide and as a low cost, multisite fungicide for the control of powdery mildew (Uncinula necator). However in hot conditions,
many grape growers do not apply sulphur because of the likelihood of phytotoxicity. To extend the
use of sulphur in spray programs, a better understanding of the effects of high temperature on the
phytotoxicity of wettable sulphur applied to grapevine foliage was required.

6.2.3 Research objective
This chapter reports the results of a series of field studies conducted to determine the effects of
sulphur on grapevine foliage when wettable sulphur was applied on days when forecast maximum
temperatures were above commonly accepted thresholds for its safe use on grapevines viz. > 32oC.

6.2.4 Methods
Five experiments (Experiments 1-3 and 7-8) were conducted on mature minimally pruned grapevines,
Vitis vinifera cv. Chardonnay or Sultana (Thompson Seedless), growing on a two-wire, vertical trellis
at Loxton, SA. Another three experiments (Experiments 4-6) were conducted on mature Chardonnay,

110

Shiraz or Sauvignon Blanc grapevines at Lenswood, Nuriootpa and Loxton SA, 50km east, 100km
north east and 300km north east of Adelaide SA, respectively. Treatments were applied when
forecast maximum temperatures were at least 35oC.
For the duration of each treatment, actual temperatures were recorded within the thermal screen of a
Campbell Scientific CR10 electronic weather station located in the vineyards 50m from the test vines.
Treatment application. In Experiments 1 and 2, sprays were applied to run-off using a back-pack
hand-pump sprayer that delivered 1.1L of spray solution to each half-vine plot. The spray mixtures
were freshly prepared for each treatment. Sprays were applied to thoroughly wet both sides of leaves
and the growing tip of shoots that often had three to five young leaves less than six weeks old. Some
bunches were also sprayed in each plot. In Experiment 3, sprays were applied as above except for an
additional treatment that was applied with a commercial Air Mist® tractor-mounted air blast sprayer.
In Experiment 4, sprays were applied with a Solo® motorised back-pack sprayer or a commercial
Micron-air® air blast sprayer, each sprayer delivering 1000L/ha. In Experiments 5 and 6, sprays were
applied with a Hardi ‘mini SPV’® mist blower and a commercial Air Mist® air blast sprayer,
respectively. Each sprayer delivered around 800L/ha. In Experiments 7 and 8, sprays were applied
with a hand-held spray pump delivering 4.0-4.7 mL/leaf.
Experiment 1. February – March 1999 (Loxton SA).
Design. Treatments (3 fungicide rates x 4 temperature-humidity combinations) with 5 replicates were
randomised along a row of 50 Chardonnay vines. Plots comprised consecutive half-vine canopies.
Fungicide treatments. Wettable sulphur (Thiovit®, 80% w/w sulphur, Syngenta Crop Protection,
Adelaide, SA) was applied at the following rates.
1. 200g/100L (recommended rate, Thiovit 1R).
2. 600g/100L (Thiovit 3R).
3. Untreated.
Temperatures and relative humidities. When fungicide treatments were applied, the weather was
fine, clear and calm. Mean temperatures and relative humidities (RH) at the times of treatment were
as follows.
1. Early afternoon: 32.9oC, RH 41.7%.
2. Mid afternoon: 34.0oC, RH 41.9%.
3. Late afternoon: 34.9oC, RH 49.9%.
4. Later afternoon: 35.5oC, RH 68.3%.
Vines were sprayed at temperature treatments 1-3 on 22 February 1999 while treatment 4 was applied
on 9 March 1999.
Experiment 2. February – March 1999 (Loxton SA).
Design. Treatments (3 fungicide rates x 3 temperature-humidity combinations) with 5 replicates were
randomised on five minimally pruned Sultana vines. Plots comprised single shoots with leaves that
ranged in age from 3-4 weeks to maturity.
Fungicide treatments. Wettable sulphur was applied at the same rates as in Experiment 1.
Temperatures and relative humidities. Mean temperatures and RH at the times of treatment were as
follows.
1. Mid afternoon: 34.0oC, RH 41.9%.
2. Late afternoon: 34.9oC, RH 49.9%.
3. Later afternoon: 35.5oC, RH 68.3%.
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Experiment 3. 2-3 February 2000 (Loxton SA).
Design. Treatments (3 fungicide rates x 3 temperature-humidity combinations x 2 spray methods)
with 3 replicates were applied in a randomised block design on minimally pruned Chardonnay vines.
Plots comprised single vine canopies.
Fungicide treatments. Wettable sulphur was applied at the same rates as in Experiment 1.
Application methods. Fungicide treatments were applied with the following equipment.
1. Back-pack hand-pumped sprayer delivering 5L/vine.
2. Air Mist® tractor-mounted air blast sprayer delivering 720L/ha.
Temperatures and relative humidities. When treatments were applied, the weather was fine and clear
and there was a light wind. Mean temperatures and RH on 2 February 2000 when all treatments
except those with the hand sprayer at Thiovit 3R were applied were as follows. The Air Mist® air
blast sprayer was used for the mid-morning treatment only.
1. Mid morning: 34.6oC, RH 77.9%.
2. Late morning: 38.4oC, RH 79.4%.
3. Early afternoon: 39.5oC, RH 77.0%.
Mean temperatures and RH on 3 February 2000 when treatments with the hand sprayer at Thiovit 3R
were applied were as follows.
1. Mid morning: 38.1oC, RH 80.2%.
2. Late morning: 40.0oC, RH 78.4%.
3. Later morning: 40.5oC, RH 77.6%.
Experiment 4. 19 January 2001 (Lenswood SA).
Design. Treatments (4 fungicide rates x 1 temperature-humidity combination) with 5 replicates were
randomised along 10 rows of Chardonnay or Sauvignon Blanc vines. Plots comprised 8 vines.
Fungicide treatments. Wettable sulphur was applied at the following rates.
1. 600g/100L (Thiovit 3R).
2. 800g/100L (Thiovit 4R).
3. 1000g/100L (Thiovit 5R).
4. Untreated.
Application methods. Treatments were applied with the following equipment.
1. Solo® motorised back-pack sprayer delivering 1000L/ha (Chardonnay vines).
2. Micron-air® air blast sprayer delivering 1000L/ha (Sauvignon Blanc vines).
Temperature and relative humidity. The mean temperature and RH at the time of treatment was as
follows.
1. Mid afternoon: 35.1oC, RH 57%.
Experiment 5. 10 January 2001 (Nuriootpa SA).
Design. Treatments (4 fungicide rates x 1 temperature-humidity combination) with 5 replicates were
randomised along 5 rows of Shiraz vines. Plots comprised 8 vines.
Fungicide treatments. Wettable sulphur was applied as in Experiment 4.
Application method. Fungicide treatments were applied with a Hardi ‘mini SPV’® mist blower
delivering around 800L/ha.
Temperature and relative humidity. The mean temperature and RH at the time of treatment was as
follows.
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1. Mid afternoon: 40.7oC, RH 13%.
Experiment 6. 22 January 2001 (Loxton SA).
Design. Treatments (4 fungicide rates x 1 temperature-humidity combination) with 5 replicates were
randomised along 5 rows of Chardonnay vines. Plots were similar to those in Experiment 4.
Fungicide treatments. Wettable sulphur was applied as in Experiment 4.
Application methods.
delivering 800L/ha.

Fungicide treatments were applied with an Air Mist® air blast sprayer

Temperature and relative humidity. The mean temperature and RH at the time of treatment was as
follows.
1. Mid afternoon: 43.5oC, RH 14%.
Experiment 7. 7 February 2001 (Loxton SA).
Design. Treatments (4 fungicide rates x 1 temperature-humidity combination) with 10 replicates
were randomised along an east-west row of 50 Chardonnay vines. Plots were similar to those in
Experiment 2.
Fungicide treatments. Wettable sulphur was applied at the following rates.
1. 250g/100L (Thiovit 1.25R).
2. 750g/100L (Thiovit 3.75R).
3. 1500g/100L (Thiovit 7.5R).
4. Untreated (alternating with the sprayed shoots).
Temperature and relative humidity. The mean temperature and RH at the time of treatment was as
follows.
1. Mid afternoon: 42.5oC, RH 62.3%.
Experiment 8. 8 February 2001(Loxton SA).
Design. Treatments (4 fungicide rates x 4 temperature-humidity combinations) and 10 replicates
randomised along an east-west row of 50 Chardonnay vines. Plots were similar to those in
Experiment 4.
Fungicide treatments. Wettable sulphur was applied as in Experiment 4.
Temperatures and relative humidities. Mean temperatures and RH at the times of treatment were as
follows.
1. Early morning: 32.8oC, RH 56.3%.
2. Late morning: 38.3oC, RH 59.3%.
3. Later morning: 39.6oC, RH 59.3%.
4. Early afternoon: 43.6oC, RH 62.5%.
Assessment of foliage drying times. In Experiments 1-3 and 7-8, levels of leaf wetness were assessed
in 3-5 plots at up to three time intervals, commencing just after each treatment was applied and
continuing until the leaves were dry.
Assessment of phytotoxicity. In Experiments 1-3 and 7-8, the level of phytotoxicity on the foliage
was usually assessed at 30 min and at 1, 2, 6 and 14 days after sprays were applied. In Experiments
4-6, leaves, bunches and terminal shoot growth were examined for necrosis and other abnormalities
within 2 hours of spray application and again at 1, 7 and 14 days after sprays were applied.
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6.2.5 Results
In Experiments 1-3, most foliage dried within 3-4 min after treatment. Some leaves (usually only
those that were upwardly cupped, comprising less than 3% of total canopy area) retained some free
water for up to 40 min after spraying. All treated plots dried completely within 50 min.
In Experiment 7, at least 75% of the canopy dried within 5 min and only the downward pointing tips
of leaves were wet 10 min after spraying. In Experiment 8, leaves dried within 10-15 min except for
the tips of leaves which dried up to 30 min after spraying.
In Experiments 1-2, no burning of foliage was observed in assessments made up to 14 days after
treatment, including those on portions of leaves where the spray mixture had remained in suspension
for up to 40 min. In Experiment 3, slight burning was noted on <2% of the youngest leaves sprayed
with wettable sulphur (Thiovit 1R and Thiovit 3R) one day after sprays were applied. In Experiments
4-6, no phytotoxicity on vine foliage was observed except for some minor burning of leaves on the
terminal 10-15 mm of shoots of Shiraz vines at Nuriootpa (Experiment 5) one day after sprays
(especially Thiovit 4R and 5R) were applied at 40oC. In Experiments 7-8, slight burning similar to
that in Experiment 3 was noted only on vines sprayed with Thiovit 6R.

6.2.6 Discussion
The results of our experiments were surprising, given that no significant phytotoxicity was observed
on sulphur treated vines in three different climatic areas at temperatures up to 40oC or more. In
addition, our treatments were applied to grapevine cultivars, viz. Sultana, Chardonnay, Shiraz and
Sauvignon Blanc that from industry experience, are regarded as being susceptible to sulphur damage.
Rules of thumb quoted in international viticulture variously indicate that wettable sulphur is
phytotoxic to grapevine foliage at temperatures above 28oC, 30oC, 32oC or 34oC (Pearson 1988;
Emmett et al 1992; Raymond Mametz, personal communication 1998, 2003; Chapter 3). In France,
for example, spraying of sulphur (Thiovit®) when temperatures are over 28oC is not recommended
because “magnifying glass effects” on foliage may cause phytotoxicity. However, in general, no
phytotoxicity is observed when temperatures exceed 28oC at least two hours after spray application
(Raymond Mametz, personal communication 2003; Chapter 3).
However, two factors should be considered in relation to our experiments. First, the vine foliage in
our trials may have been hardened by long periods of high temperature prior to application of the
treatments. With Experiments 7 and 8, for example, daily maximum temperatures exceeded 35oC on
17 days and 40oC on 7 days of the previous 30 days, respectively. These conditions may have
reduced the sensitivity of the foliage to sulphur damage. Nevertheless, even the soft young foliage of
recently produced leaves at the tips of shoots on both cultivars, only rarely showed phytotoxicity. In
California USA, for example, sulphur phytotoxicity is more likely to occur when grapevine foliage
that has grown in mild weather conditions is treated with wettable sulphur just before the sudden
onset of hot weather (George Leavitt, personal communication 2002). In Australia, increased
incidence of sulphur phytotoxicity has been observed on foliage of vines under water and/or heat
stress (Ashley Lipman, personal communication 2002). When Thiovit 1R was applied to Shiraz
grapevines in hot conditions using a commercial spray machine, phytotoxicity on the tips of actively
growing shoots occurred on vines under water stress with a partial root zone drying irrigation regime.
Phytotoxicity did not occur on vines with standard drip irrigation without water stress (Paul McClure,
personal communication 2002). Unfortunately, relative humidity was not recorded at the time of
spray application. The increased likelihood of sulphur phytotoxicity on vines with water and/or heat
stress may explain the observation of phytotoxicity on Shiraz vines in Experiment 5 when the
temperature was over 40oC but RH was low (13%).
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Second, following the application of wettable sulphur in our trials, the period when temperatures far
exceeded the supposed thresholds was short, often ~1hour. However, at lower threshold
temperatures (eg. >32oC), conditions often persisted for 5 hours and at higher temperatures (eg.
>34oC), conditions often persisted for ~3.5 hours. These times appear to equate to, and probably
exceed, the duration of high temperature experienced when foliage-burn from sulphur has been
reported previously.
Importantly, we observed phytotoxicity at Thiovit 1R and Thiovit 3R only when the RH exceeded
75%, despite temperatures exceeding 40oC. Only with Thiovit 7.5R was wettable sulphur phytotoxic
at lower RH (viz 43.6oC and RH 62.5%).
In similar trials in vineyards near Adelaide in 1998/99, where the RH was likely to be higher than in
the Loxton trials, wettable sulphur (Thiovit®) applied at two and three times the recommended rate
(Thiovit 2R and Thiovit 3R) caused some burning of the youngest leaves on Sultana grapevines.
However, as observed in the studies reported here, the level of phytotoxicity was always minor and
would have caused no concern to commercial growers.
Despite the findings in these experiments, unconfirmed reports of phytotoxicity at high temperatures
in some commercial vineyards persist. This suggests that further evaluation of the interaction
between temperature and RH on the phytotoxicity of wettable sulphur is needed. In particular, there
is a need for a better understanding of the threshold conditions for phytotoxicity. There is also a need
to determine if high rates of sulphur products can be safely used in low spray volumes and/or on
vines with heat and/or water stress.

6.2.7 Conclusion
These experiments support the idea that the burning of grapevine foliage by wettable sulphur is
influenced by an interaction between temperature, the rate of wettable sulphur applied and the
duration of leaf wetness that follows spraying. Under conditions of low RH (<75%) that are common
in the warm inland districts of Australia, it appears that wettable sulphur may be safely used, even at
high temperatures. The risk of damage to vine foliage may be greater at temperatures in the low 30’s
when the RH >75% and leaf-drying time is longer, than when temperatures are higher, RH is lower
and leaf-drying time is shorter.
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7. Degradation of sulphur and the control of powdery mildew on grapevine
foliage
Bob Emmett, Peter Magarey, John Reynolds, Carla Magarey and Kathy Clarke

7.1 Abstract
In Australia, wettable sulphur is widely used to control grapevine powdery mildew (Uncinula
necator). Field trials during 1999, 2000 and 2001 at Loxton, SA, were conducted to assess the rate of
degradation and efficacy of wettable sulphur. In 1999, a single spray of wettable sulphur (Thiovit®)
at 200g/100L (recommended rate, Thiovit 1R) was applied to the foliage of grapevines with a
commercial air-mist sprayer. In 2000 and 2001, single sprays of Thiovit 1R or Thiovit® at 600g/100L
(Thiovit 3R) were hand-sprayed to recently expanded leaves of similar size and age on unsprayed
grapevines infected with powdery mildew. In all years, a selection of treated leaves was taken at 1-7
day intervals from Day –1 up to Day 49 after treatment for analysis to determine percent weight for
weight sulphur (% w/w S). In 2001, remaining treated leaves were assessed for severity of powdery
mildew at 7-14 day intervals from Day 0-53 after treatment.
Linear regression models described the change in sulphur levels and disease severity with time for
each treatment. In 1999, estimated levels of sulphur on leaves that were untreated or treated with
Thiovit 1R, just after spray application on Day 0, were 0.046 and 0.064 % w/w S, respectively. The
estimated time for the sulphur level to return to the average background level (0.044 % w/w S) on
leaves treated with Thiovit 1R was 27 days. In 2000, estimated levels of sulphur on leaves that were
untreated, treated with Thiovit 1R and treated with Thiovit 3R, just after spray application on Day 0,
were 0.060, 0.142 and 0.330 % w/w S, respectively. The estimated times for sulphur levels to return
to average background levels (0.060 % w/w S) on leaves treated with Thiovit 1R and Thiovit 3R were
48 and 66 days, respectively. In 2001, estimated levels of sulphur on leaves that were untreated,
treated with Thiovit 1R or treated with Thiovit 3R, just after spray application on Day 0, were 0.051,
0.115 and 0.229 % w/w S, respectively. Sulphur levels on leaves treated with Thiovit 1R or Thiovit
3R returned to the background level (0.044 % w/w S) in 44 and 50 days, respectively. Treatments
with Thiovit 3R reduced powdery mildew more effectively than Thiovit 1R until Day 53 after
treatment.
The field studies indicated that single sulphur treatments with good spray coverage will provide longterm control of powdery mildew on sprayed surfaces and that control can be improved by increasing
application rates of wettable sulphur (Thiovit®) up to three times the recommended rate. The
persistence and efficacy of Thiovit 1R also appeared to be related to the method of application and
spray coverage, viz. levels of sulphur on leaves just after treatment. Estimated increments of sulphur
beyond the background level on leaves just after spray application, were lower when leaves on vines
were sprayed with Thiovit 1R using a commercial air-mist sprayer (0.018 % w/w S) than when both
sides of leaves were thoroughly hand-sprayed (0.064-0.082 % w/w S). The implications of this in
relation to the control of powdery mildew in vineyards are discussed.
The addition of a wetting agent (Citowett®) at 10mL/100L (the highest recommended rate) to Thiovit
1R did not affect the level of sulphur on leaves after spray application and subsequent sulphur
degradation. Sulphur degradation on leaves was not affected by simulated rainfall of 10mm applied
24 hours after treatment with Thiovit 1R. Although sulphur levels just after treatment with Thiovit
3R were higher on older leaves than on young leaves, the rate of sulphur degradation on each group
of leaves was similar.
Publications on this R&D: Emmett et al. 2002, Emmett et al. 2003.
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7.2 Introduction
In Australia, wettable sulphur is widely used in spray programs for the control of grape powdery
mildew (Uncinula necator). Recommended rates of application range from 100g to 300g per 100L
water, depending on the sulphur formulation and time of the season. Spray intervals usually range
from 10 to 14 days.

7.3 Background and previous research
Recent studies by Wicks et al. (2002) indicated that control of grapevine powdery mildew in
Australia could be improved by the application of higher rates of wettable sulphur. This applied
particularly to Thiovit®, a formulation of wettable sulphur that is widely used in Australian
viticulture. However, more studies were needed to increase understanding of the degradation and
bio-efficacy of wettable sulphur on grapevine foliage after each spray application in Australian
vineyards.
Previous studies of the application of some wettable sulphur formulations to other plants have shown
that portions of the sulphur applied were either vapourised, attached to waxes on the plant surface
and slowly vapourised, or absorbed and added to levels of sulphur already present in plant tissues (R.
Mametz, personal communication; Chapter 3).

7.4 Research objectives
This chapter reports field studies of the degradation of sulphur on grapevine leaves and its effects on
the development of powdery mildew after the application of single sprays of wettable sulphur. The
studies also examined the effects of simulated rainfall, leaf age and the use of a wetting agent with
sulphur sprays on the degradation of sulphur on grapevine foliage.

7.5 Methods
Trial sites.
Field experiments were conducted during March-April 1999, February-March 2000 and March-May
2001 in a vineyard at Loxton in the Riverland district of South Australia (SA). Treatments were
applied to mature, minimally pruned grapevines (Vitis vinifera cv. Sultana) infected with U. necator.
Weather conditions.
During the experiments, weather data were collected with a Campbell Scientific CR 10 electronic
weather station in an adjacent vineyard.
Experimental design.
Studies in 1999.
Treated vines were arranged in four adjacent blocks with and without overhead irrigation, and with
and without spray application. Each block comprised three rows of eight vines within the vineyard
and all blocks were separated by two barrier rows. Each block contained four randomised plots, each
with six vines. Vines in each plot had large canopies averaging 1.2 m high and 2 m wide with 3.05 m
between rows.
Studies in 2000 and 2001.
Each fungicide treatment was applied to two recently expanded leaves of similar age and size on each
of four shoots in close proximity that had not been sprayed previously. In 2001, some fungicide
treatments were also applied to the two older leaves immediately below the two recently expanded
leaves on each shoot to study the effects of leaf age. The sets of four adjacent shoots with each
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treatment were replicated three times and arranged in a randomised block design with blocks
deployed sequentially along six rows in the vineyard. Treated recently expanded leaves were fully
flat, averaged 60-70 mm from tip to petiolar sinus and had emerged 7-10 days previously. Treated
older leaves averaged 85-90 mm from tip to petiolar sinus and had emerged at least 14 days
previously. Four recently expanded leaves and four older leaves on two of the shoots in each set
were sampled for sulphur analyses and, in 2001, four recently expanded leaves and four older leaves
on the two remaining shoots were used to study the development of powdery mildew.
Treatments in 1999.
Effects of sulphur treatments.
Fungicide treated vines were sprayed with wettable sulphur (Thiovit®, 80% a.i. sulphur, Syngenta
Crop Protection, Adelaide SA) at 200g/100L (the recommended application rate, Thiovit 1R) using
an Orchard Aid® air-mist sprayer that applied 36.7L/minute at 300kpa while travelling at 5.26
km/hour (h). The sprayer delivered 1,373L/ha or 41.2L/100m of vine row, which was equivalent to
standard grower practice for minimally pruned vines at the time of the year when the studies were
conducted. This application rate was less than that recommended under the unit canopy row method
(Furness et al. 1998) for best spray coverage of this canopy, viz. 72L/100m of vine row or 2,399L/ha.
To optimise the uniformity of spray application in relation to the vine canopy, the sprayer travelled
up and down each row so that the spray was applied only from the right side of the fan, which spun
anti-clockwise.
Effects of simulated rainfall (overhead irrigation).
Leaves on vines in irrigated plots that were untreated or treated with Thiovit 1R were exposed to
overhead irrigation equivalent to 10mm of simulated rainfall. This irrigation was applied 24h after
spray application to examine the effects of rain on sulphur levels.
Treatments in 2000 and 2001.
Effects of sulphur treatments. Upper and lower surfaces of all treated leaves were hand sprayed with
Thiovit 1R or Thiovit® at 600g/100L (Thiovit 3R). All leaves were sprayed lightly so that each
surface was thoroughly covered without run-off. Between 4.0 and 4.7mL of spray was applied to
each leaf.
Effects of sulphur with a wetting agent. In addition, the upper and lower surfaces of some sets of
leaves were sprayed with a solution of Thiovit® at 200g/100L and a non-ionic wetting agent
(Citowett®, 1000g/L alkylarylpolyglycol ether, AgrEvo, Glen Iris Vic.) at 10mL/100L (Thiovit 1R +
C) to study the effects of including a wetting agent with the sulphur treatment.
Effects of simulated rainfall (overhead irrigation). In 2000, additional sets of leaves that were
untreated or treated with Thiovit 1R were exposed to overhead irrigation equivalent to 10mm of
simulated rainfall 24h after spray application to examine the effects of rain on sulphur levels.
Effects of leaf age. In 2001, Thiovit 3R was applied to older leaves (described above) as well as to
recently expanded young leaves.
Sulphur analyses.
In 1999, leaves were sampled for sulphur analysis on the day prior to treatment (Day –1), on the day
of treatment (Day 0) and on Days 1, 3, 5, 7, 14 and 28 after treatment. At each sampling time, sets of
15 leaves of similar age and size, selected at random from the upper, middle and lower sectors (5
leaves from each sector) of the canopy of vines in each plot with each treatment, were collected (with
minimal contact and residue disturbance) and successively stored at –20oC.
In 2000 and 2001, leaves were sampled for sulphur analysis on the day prior to treatment (Day –1),
on the day of treatment (Day 0) and on Days 1, 3, 5, 7, 14, 28, 35, 42 and 49 after treatment. At each
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sampling time, sets of four leaves with each treatment were collected (with minimal contact and
residue disturbance) and successively stored at –20oC.
After all of the samples had been collected and stored, each sample was macerated, digested with
nitric acid and analysed using an inductively coupled plasma-emission spectrometer at 182.034nm to
determine percent weight for weight sulphur (% w/w S).
Disease development.
In 2001, the percent area with active powdery mildew on the upper and lower surfaces of recently
expanded leaves and older leaves was assessed just before treatment on Day 0, 14 days later, and
again every 7-10 days to Day 53 after treatment, using a standardised assessment key (Emmett,
unpublished). At the time of treatment, up to 11 percent of the surface area of leaves had powdery
mildew.
Statistical analyses.
Linear regression with a grouping factor, as implemented in the GenStat statistical package (GenStat
Committee, 2000) was used to investigate the change in sulphur levels and disease severity with time
for each treatment. Variance ratio (or F) tests and pair-wise t-tests of the regression coefficients were
used to indicate models of best fit. A method like Fieller’s method, (Seber, 1977) was used to obtain
95% confidence intervals (CI) for the “inverse prediction” of the time for sulphur levels to return to
background levels.

7.6 Results
Weather conditions.
Average median temperatures for the periods of study in 1999, 2000 and 2001 were 17.5oC, 22.6oC
and 15.5oC, respectively.
Sulphur degradation in 1999.
Effects of simulated rainfall (overhead irrigation). A linear regression model was used to describe
changes in the levels of sulphur on leaves from grapevines under the four treatment regimes [ie.
untreated, with or without rain, and treated with Thiovit 1R, with or without rain]. Results of
variance ratio (or F) tests and pair-wise t-tests of the regression coefficients indicated that there were
no significant differences between untreated leaves with and without rain and between Thiovit 1R
treated leaves with and without rain, in relation to their intercepts and slopes. Hence, simulated
rainfall or overhead irrigation of 10mm did not affect the degradation of sulphur on leaves.
Effects of sulphur treatments. The results of variance ratio (or F) tests and pair-wise t-tests of the
regression coefficients of the model above indicated that there were significant differences between
the untreated and Thiovit 1R treated leaves in their intercepts and slopes. As there were no
significant differences between leaves “with rain” and “without rain” in their intercepts and slopes, a
model with separate linear degradation trends for the two groups of treatments (untreated and Thiovit
1R) provided a good fit to the sulphur levels through time (Figure 1). The adjusted R² for this model
was 74.3%. The estimated regression coefficients, as well as estimates of the time taken for sulphur
levels to return to the average background sulphur level (0.044 % w/w), are presented in Table 1.
Estimated levels of sulphur on leaves that were untreated or treated with Thiovit 1R, just after spray
application on Day 0 (ie. intercepts of the linear regression model in Table 1), were 0.046 and 0.064
% w/w S, respectively. Hence, by deduction, the estimated increment in sulphur level on leaves after
a single spray application was 0.018 % w/w S. Total sulphur on untreated leaves stayed very close to
the background level. As a result, there was a wide 95% CI for the time taken to reach the
background level. Total sulphur levels on leaves treated with Thiovit 1R were estimated to take 27
days to return to the background level.
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Table 1. Estimates of regression coefficients and the predicted time for sulphur levels to return
to the average background level (0.044 % w/w S) on leaves on Sultana grapevines at Loxton SA
in 1999.
Treatment
Group

Untreated
Thiovit 1R
1

Slope¹

0.0460 a
0.0637 b

-0.000221 b
-0.000734 a

Predicted time
(days) taken to
reach 0.044 %
w/w sulphur
9.2
26.8

Lower 95%
CI2 for time
taken (days)

Upper 95% CI2
for time taken
(days)

-35.7
14.5

53.1
39.5

Within a column, estimates with a lower case letter in common were not significantly different (P>0.05).
CI = confidence interval

0.050

0.060

Thiovit, no rain
Untreated, no rain
Thiovit, with rain
Untreated, with rain

0.030

0.040

Total sulphur %w/w

0.070

2

Intercept¹

0

5

10

15

20

25

Time (days)

Figure 1. Graph of the fitted linear model for the degradation of sulphur on leaves of Sultana
grapevines treated with Thiovit at Loxton SA in 1999.

Sulphur degradation in 2000.
Effects of simulated rainfall (overhead irrigation). A linear regression model was used to investigate
changes in the levels of sulphur on leaves in all of the treatment regimes. These regimes included
untreated, with or without rain, and treated with Thiovit 1R, with or without rain. Variance ratio (or
F) tests and pair-wise t-tests of the regression coefficients indicated that there were no significant
differences between untreated leaves with and without rain and between Thiovit 1R treated leaves
with and without rain in relation to their intercepts and slopes. Consequently, simulated rainfall or
overhead irrigation of 10mm did not affect the degradation of sulphur on leaves.
Effects of sulphur treatments. A model with separate linear degradation trends for three groups of
treatments (untreated, Thiovit 1R and Thiovit 3R) provided a good fit to the sulphur residue levels
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through time in 2000 (Figure 2). The adjusted R² for this model was 95.5%. The estimated
regression coefficients as well as estimates of the time taken for sulphur levels to return to the
average background sulphur level (0.060 % w/w S) are presented in Table 2.

Table 2. Estimates of regression coefficients and the predicted time for sulphur levels to return
to the average background level (0.060 % w/w S) on leaves on Sultana grapevines at Loxton SA
in 2000.
Treatment
Group

Untreated
Thiovit 1R
Thiovit 3R
1

Slope¹

0.0597 a
0.142 b
0.330 c

0.000398 c
-0.00171 b
-0.00413 a

Predicted time
(days) taken to
reach 0.060%
w/w sulphur
0.733
47.5
65.5

Lower 95%
CI2 for time
taken (days)

Upper 95% CI2
for time taken
(days)

-120.4
28.2
56.8

106.1
69.1
74.4

Within a column, estimates with a lowercase letter in common were not significantly different (P>0.05).
CI = confidence interval

Thiovit R, with rain
Untreated, with rain
Thiovit R, no rain
Untreated, no rain
Thiovit R + CW, no rain
Thiovit 3R, no rain
Untreated, no rain

0.25
0.20
0.15
0.05

0.10

Total sulphur %w/w

0.30

0.35

2

Intercept¹

0

5

10

15

20

25

Time (days)

Figure 2. Graph of the fitted linear model for the degradation of sulphur on leaves of Sultana
grapevines treated with Thiovit at Loxton SA in 2000.
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Estimated levels of sulphur on leaves that were untreated, treated with Thiovit 1R or treated with
Thiovit 3R, just after spray application on Day 0 (ie. intercepts of the linear regression model in
Table 2), were 0.060, 0.142 and 0.330 % w/w S, respectively. Hence, by deduction, the estimated
increments in sulphur level on leaves after a single spray of Thiovit 1R and a single spray of Thiovit
3R were 0.082 and 0.270 % w/w S, respectively. Total sulphur on untreated vines stayed very close
to the background level. As a result, there was a wide 95% CI for the time taken to reach the
background level. Total sulphur levels on leaves treated with Thiovit 1R or Thiovit 3R were
estimated to take 48 and 66 days, respectively to return to the background level.
Effects of sulphur with a wetting agent.
When separate linear degradation trends were included in a regression model for the six treatment
groups (ie. untreated with and without rain, Thiovit 1R with and without rain, Thiovit 1R + C without
rain, and Thiovit 3R without rain), the adjusted R² was 95.6%. This was nearly the same as the R² of
the simpler model (ie. 95.5%, Figure 2) that ignored “rain” and the presence or absence of Citowett®.
The estimated regression coefficients for this more detailed model are presented in Table 3.
Table 3. Estimates of coefficients for the linear regression model for six treatment groups
including Thiovit® at the recommended rate plus Citowett® (Thiovit 1R + C), used to
investigate the effects of the wetting agent, Citowett® on the degradation of sulphur on leaves
on Sultana grapevines at Loxton SA in 2000.
Treatment Group
Intercept¹
Untreated
0.0588 a
Untreated + rain
0.0616 a
Thiovit 1R
0.1498 c
Thiovit 1R + rain
0.1415 bc
Thiovit 1R + C
0.1334 b
Thiovit 3R
0.3303 d
1
Within a column, estimates with a lowercase letter in common were not
(P>0.05).

Slope¹
0.000366 c
0.000462 c
-0.001798 b
-0.001855 b
-0.001524 b
-0.004128 a
significantly different

The addition of Citowett® to a solution containing Thiovit 1R had no effect on degradation of sulphur
after spray application. However, the estimated amount of sulphur “delivered” at Day 0 was less with
the addition of Citowett®. The similarity in degradation was also reflected in the estimates of the
time taken for the sulphur levels on leaves to return to background levels (0.060 %w/w S) which were
nearly identical, namely 50 days with a 95% CI of 31 to 70 days for Thiovit 1R without Citowett®,
and 48 days with a 95% CI of 26 to 72 days for Thiovit 1R with Citowett®.
Sulphur degradation in 2001.
Effects of sulphur treatments. In 2001, separate linear degradation trends were also required for the
three groups of treatments, untreated (control), Thiovit 1R and Thiovit 3R (Figure 3). The adjusted
R² for this model was 75.4%. The estimated regression coefficients for this model as well as
estimates of the time taken for sulphur levels to return to the average background level (0.044 % w/w
S) are presented in Table 4. Estimated levels of sulphur on leaves that were untreated, treated with
Thiovit 1R or treated with Thiovit 3R, just after spray application on Day 0 (ie. intercepts of the
linear regression model in Table 4), were 0.051, 0.115 and 0.229 % w/w S, respectively. Hence, by
deduction, the estimated increments in sulphur level on leaves after a single spray of Thiovit 1R and a
single spray of Thiovit 3R were 0.064 and 0.178 % w/w S, respectively. As with the previous
models, in this model total sulphur on untreated vines stayed very close to the background level. As a
result, there was a very wide 95% CI for the time taken to reach the background level. Total sulphur
levels on leaves treated with Thiovit 1R and Thiovit 3R were estimated to take 44 and 50 days,
respectively to return to the background level.
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Table 4. Estimates of coefficients for the linear regression model and the predicted time for
sulphur levels to return to the average background level (0.044 % w/w S) on leaves on Sultana
grapevines at Loxton SA in 2001.
Treatment
Group

Untreated
Thiovit 1R
Thiovit 3R
1
2

Intercept¹

Slope¹

0.0513 a
0.115 b
0.229 c

- 0.000251 c
-0.00162 b
-0.00374 a

Predicted time
(days) taken to
reach 0.044%
w/w sulphur
29.0
43.6
49.6

Lower 95%
CI2 for time
taken (days)

Upper 95% CI2
for time taken
(days)

-
6.8
33.6

+
82.0
65.9

Within a column, estimates with a lower case letter in common were not significantly different (P>0.05).
CI = confidence interval

0.35

As well as the comparatively low adjusted R² value, this fitted model had some deficiencies. The
fitted values for the Thiovit® treatments systematically under-estimated sulphur levels at Days 0 and
1, then over-estimated levels between Days 5 and 21, and then under-estimated levels at Days 42 and
49 in relation to the observed values.
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Figure 3. Graph of the fitted linear model for the degradation of sulphur on leaves of Sultana
grapevines treated with Thiovit® at Loxton SA in 2001.
Some of this curvature could be accommodated by fitting exponential curves, namely,

y = a + br x
where y = total sulphur, x = elapsed time (days) since application, r = the rate of exponential
decrease, a = the lower asymptote for the total sulphur and b = the range of the decay curve between
the initial amount of sulphur at Day 0 and the asymptotic value.
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Separate exponential curves (Figure 4) were required for the three groups of treatments (untreated,
Thiovit 1R and Thiovit 3R). The adjusted R² for this model was 85.3%. The estimated regression
coefficients for this model as well as estimates of the time taken for sulphur levels to return to the
average background level (0.044 % w/w S) are presented in Table 5.
Table 5. Estimates of coefficients for the exponential regression model and the predicted time
for sulphur levels to return to the average background level (0.044 % w/w S) on leaves on
Sultana grapevines at Loxton SA in 2001.
Treatment Group

Untreated
Thiovit 1R
Thiovit 3R
1

Asymptote¹ (a)

0.0420 a
0.0549 a
0.0968 b

Range¹ (b)

0.0155 a
0.0831 b
0.208 c

Rate¹ (r)

0.842 a
0.889 a
0.845 a

Predicted time (days)
taken to reach
0.044% w/w sulphur
11.8
+
+

Within a column, estimates with a lower case letter in common were not significantly different (P>0.05).

0.35

According to this fitted model, sulphur levels on the Thiovit® treated leaves will never return to the
background level of 0.044% w/w sulphur because the estimated asymptotic levels of sulphur on
leaves treated with Thiovit 1R and Thiovit 3R were 0.055% and 0.097% w/w sulphur, respectively.
This fitted model also overshot the observed values for the Thiovit treatments at the final assessment
time (Day 49).
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Figure 4. Graph of the fitted exponential model for the degradation of sulphur on leaves of
Sultana grapevines treated with Thiovit® at Loxton SA in 2001.
A simpler linear degradation model (Figure 5), restricted to fewer observations (ie. those from 12
days post application), provided a better estimate of the decay in total sulphur in the later stages of
the study but did not fit as well because it was based on fewer observations. The adjusted R² for this

125

model was 72.3%. The estimated regression coefficients for this model as well as estimates of the
time taken for sulphur levels to return to the average background level are presented in Table 6.

Table 6. Estimates of coefficients for the linear regression model for observations from Day 12
to Day 49 and the predicted time for sulphur levels to return to the average background level
(0.044 % w/w sulphur) on leaves on Sultana grapevines at Loxton SA in 2001.

1
2

Treatment Group

Intercept¹

Slope¹

Untreated
Thiovit 1R
Thiovit 3R

0.0422 a
0.0796 b
0.137 c

0.0000054 b
-0.000632 a
-0.00113 a

Predicted time
(days) taken to
reach 0.044%
w/w sulphur
327.5
56.3
82.8

Lower 95%
CI2 for time
taken (days)

Upper 95%
CI2 for time
taken (days)

-
10.7
57.0

+
111.1
113.8

Within a column, estimates with a lower case letter in common were not significantly different (P>0.05).
CI = confidence interval

0.16

This model provided more conservative estimates of the time for sulphur levels to return to
background levels for Thiovit 1R and Thiovit 3R (ie. 56 and 83 days, respectively).
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Figure 5. Graph of the fitted linear model for the degradation of sulphur on leaves of Sultana
grapevines from Day 12 to Day 49 after treatment with Thiovit® at Loxton SA in 2001.
Effects of sulphur with a wetting agent.
When separate linear degradation trends were included in a regression model for the four treatment
groups (ie. untreated, Thiovit 1R, Thiovit 1R + C and Thiovit 3R), the adjusted R² was 75.5%. This
was nearly the same as the R² of the simpler model (ie. 75.4, Figure 3) that ignored the presence or
absence of Citowett®. The estimated regression coefficients for the full model are presented in Table
7.
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Table 7. Estimates of coefficients for the linear regression model for four treatment groups
including Thiovit® at the recommended rate plus Citowett® (Thiovit 1R + C), used to
investigate the effects of the wetting agent, Citowett® on the degradation of sulphur on leaves
on Sultana grapevines at Loxton SA in 2001.
Treatment Group
Intercept¹
Untreated
0.0513 a
Thiovit 1R
0.1239 b
Thiovit 1R + C
0.1057 b
Thiovit 3R
0.2293 c
1
Within a column, estimates with a lowercase letter in common were not
(P>0.05).

Slope¹
-0.000251 c
-0.001833 b
-0.001410 b
-0.003737 a
significantly different

The addition of Citowett® to a solution containing Thiovit 1R had no effect on degradation of sulphur
after spray application. This was also reflected by estimates of the time taken for the sulphur levels
on leaves to return to background levels (0.044 %w/w S). These estimates were nearly identical,
namely, 43.6 days with a 95% CI of 11 to 77 days for Thiovit 1R without Citowett®, and 43.7 days
with a 95% CI of 1 to 88 days for Thiovit 1R with Citowett®.
Effects of leaf age.
A regression model with separate linear trends for the four combinations of Thiovit® (untreated and
Thiovit 3R) and leaf age (young leaves and older leaves) was used to study the effects of leaf age on
sulphur degradation. The adjusted R² for this model was 83.9%. The estimated coefficients for this
fitted model are presented in Table 8.

Table 8. Estimates of coefficients for the linear regression model for the four treatment
combinations of Thiovit® and leaf age, used to investigate the effects of leaf age on the
degradation of sulphur on leaves on Sultana grapevines at Loxton SA in 2001.
Treatment Group
Intercept¹
Untreated, Young Leaves
0.0523 a
Thiovit 3R, Young Leaves
0.2148 b
Untreated, Older Leaves
0.0463 a
Thiovit 3R, Older Leaves
0.2593 c
1
Within a column, estimates with a lowercase letter in common were not
(P>0.05).

Slope¹
-0.000282 b
-0.003306 a
-0.000126 b
-0.003913 a
significantly different

After treatment with Thiovit 3R, the older leaves had significantly higher initial levels of sulphur than
the young leaves. However, the rate of decline from these initial levels was the same for leaves of
each age. Correspondingly, given the different intercepts but the same slopes, estimates of the time
taken for the levels of sulphur to return to background levels (0.044 %w/w S), were slightly shorter
for the young leaves, ie. 51.7 days with a 95% CI of 34.4 to 69.4 days for the young leaves compared
to 55.0 days with a 95% CI of 40.4 to 70.0 days for the older leaves.
Disease development.
Effects of sulphur treatments on disease development. A regression model with separate linear trends
for three groups of treatments (untreated, Thiovit 1R and Thiovit 3R) provided a good fit to the levels
of powdery mildew on the upper and lower surfaces of leaves during the period from 14 to 53 days
after treatment in 2001.
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Disease on the upper leaf surface. The adjusted R² for the model fitted to disease levels on the upper
surface of leaves (Figure 6) was 91.3%. Because the percentage of leaf area covered by powdery
mildew on Day 0 ranged from 5.8%-11.0%, increases in levels of powdery mildew from Days 0-14
were non-linear, especially on untreated leaves. In 2001, Thiovit 1R and Thiovit 3R reduced disease
development until Day 53. The estimated regression coefficients for this model are presented in
Table 9.

Table 9. Estimates of coefficients for the linear regression model of the development of
powdery mildew on the upper surface of leaves on Sultana grapevines at Loxton SA in 2001.

90

Treatment Group
Intercept¹
Slope¹
Untreated
28.6 b
1.12 c
Thiovit 1R
1.32 a
0.781 b
Thiovit 3R
4.65 a
0.121 a
1
Within a column, estimates with a lowercase letter in common were not significantly different
(P>0.05).
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Figure 6. Linear regression model for the increase in grapevine powdery mildew on the upper
surface of Sultana leaves treated with Thiovit® at Loxton, South Australia in 2001.

Disease on the lower leaf surface. The adjusted R² for the model fitted to disease levels on the lower
surface of leaves (Figure 7) was 91.7%. Again, because the percentage of leaf area covered by
powdery mildew on Day 0 ranged from 5.8%-11.0%, increases in levels of powdery mildew from
Days 0-14 were non-linear, especially on untreated leaves. In 2001, Thiovit 1R and Thiovit 3R
reduced disease development until Day 53. The estimated regression coefficients for this model are
presented in Table 10.
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Table 10. Estimates of coefficients for the linear regression model of the development of
powdery mildew on the lower surface of leaves on Sultana grapevines at Loxton SA in 2001.
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Treatment Group
Intercept¹
Slope¹
Untreated
47.7 b
0.672 b
Thiovit 1R
18.5 a
0.362 a
Thiovit 3R
13.8 a
0.090 a
1
Within a column, estimates with a lowercase letter in common were not significantly different
(P>0.05).
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Figure 7. Linear regression model for the increase in grapevine powdery mildew on the lower
surface of Sultana leaves treated with Thiovit® at Loxton, South Australia in 2001.

Effects of sulphur with a wetting agent on disease development.
Disease on the upper leaf surface. A regression model with separate linear degradation trends for the
four treatment groups in Table 11 was used to examine the effects of sulphur with the wetting agent,
Citowett® (Thiovit 1R + C) on disease development on the upper surface of leaves. The adjusted R²
for this model was 92.2%. The estimated regression coefficients for this model are presented in Table
10.
The addition of Citowett® to a solution containing Thiovit 1R significantly increased the rate of
disease development on the upper leaf surface. That is, the rate, or slope for leaves treated with
Thiovit 1R with Citowett®, was significantly greater than that for Thiovit 1R without Citowett® and
not significantly different from the slope for the untreated leaves.
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Table 11. Estimates of coefficients for the linear regression model for four treatment groups,
including Thiovit® at the recommended rate plus Citowett® (Thiovit 1R + C), used to
investigate the effects of sulphur with the wetting agent, Citowett® on the development of
powdery mildew on the upper surface of leaves on Sultana grapevines at Loxton SA in 2001.
Treatment
Intercept¹
Slope¹
Untreated
28.61 b
1.1218 c
Thiovit 1R
8.14 a
0.5080 b
Thiovit 1R + C
-5.51 a
1.0532 c
Thiovit 3R
4.65 a
0.1209 a
1
Within a column, estimates with a lowercase letter in common were not significantly different
(P>0.05).
Disease on the lower leaf surface. A regression model with separate linear degradation trends for the
four treatment groups in Table 12 was also used to examine the effects of Thiovit 1R + C on disease
development on the lower surface of leaves. The adjusted R² for this model was 92.1%. The
estimated regression coefficients for this model are presented in Table 12.
Table 12. Estimates of coefficients for the linear regression model for four treatment groups,
including Thiovit 1R + C, used to investigate the effects of sulphur with the wetting agent,
Citowett® on the development of powdery mildew on the lower surface of leaves on Sultana
grapevines at Loxton SA in 2001.
Treatment
Untreated
Thiovit 1R
Thiovit 1R + C
Thiovit 3R
1
Within a column, estimates with a lowercase
(P>0.05).

Intercept¹
Slope¹
47.73 b
0.6716 c
24.10 a
0.2775 ab
12.94 a
0.4469 bc
13.75 a
0.0898 a
letter in common were not significantly different

The addition of Citowett® to a solution containing Thiovit 1R, did not significantly affect the
development of the disease on the lower surface of leaves.
Effects of leaf age on disease development.
Disease on the upper leaf surface. A regression model with separate linear trends for the four
combinations of Thiovit® (untreated and Thiovit 3R) and leaf age (young leaves and older leaves)
was used to study the effects of leaf age on the development of powdery mildew on the upper surface
of leaves. The adjusted R² for this model was 96.2%. The estimated coefficients for this fitted model
are presented in Table 13.
Table 13. Estimates of coefficients for the linear regression model for the four treatment
combinations of Thiovit® and leaf age, used to investigate the effects of leaf age on the
development of powdery mildew on the upper surface of leaves on Sultana grapevines at
Loxton SA in 2001.
Treatment
Intercept¹
Slope¹
Untreated, Young leaves
28.92 b
1.1178 b
Thiovit 3R, Young leaves
4.91 a
0.1088 a
Untreated, Older leaves
43.39 c
1.0019 b
Thiovit 3R, Older leaves
12.71 a
-0.0586 a
1
Within a column, estimates with a lowercase letter in common were not significantly different
(P>0.05).
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There was no significant difference in the development of powdery mildew on the upper surface of
the young and older leaves that were sprayed with Thiovit 3R.
Disease on the lower leaf surface. A regression model with separate linear trends for the four
combinations of Thiovit® (untreated and Thiovit 3R) and leaf age (young leaves and older leaves)
was also used to study the effects of leaf age on the development of powdery mildew on the lower
surface of leaves. The adjusted R² for this model was 94.5%. The estimated coefficients for this
fitted model are presented in Table 14.
Table 14. Estimates of coefficients for the linear regression model for the four treatment
combinations of Thiovit® and leaf age, used to investigate the effects of leaf age on the
development of powdery mildew on the lower surface of leaves on Sultana grapevines at Loxton
SA in 2001.
Treatment
Intercept¹
Slope¹
Untreated, Young leaves
48.04 c
0.6693 b
Thiovit 3R, Young leaves
13.71 a
0.0936 a
Untreated, Older leaves
38.44 b
0.9134 c
Thiovit 3R, Older leaves
22.44 a
-0.0893 a
1
Within a column, estimates with a lowercase letter in common were not significantly different
(P>0.05).

There was no significant difference in the development of powdery mildew on the lower surface of
the young and older leaves that were sprayed with Thiovit 3R.

7.7 Discussion
The field studies in 2000 and 2001 indicated that levels of sulphur on grapevine leaves thoroughly
treated once with the recommended rate of Thiovit® using a hand sprayer persisted and reduced the
development of powdery mildew for at least 44 days. Significantly, this persistence and the level of
control of disease increased with Thiovit® at three times the recommended rate. Furthermore, even
when a wettable sulphur treatment was applied at the recommended rate (Thiovit 1R) with a spray
machine in 1999, sulphur persisted on leaves for 27 days. These results indicate that the reapplication of wettable sulphur (Thiovit®) in spray programs for powdery mildew control is more
likely to be required because of the development of new unsprayed foliage that requires treatment to
prevent infection than because of the lack of persistence of sulphur on foliage that was treated
previously.
In comparing the rates of sulphur degradation over the three seasons, the decline was slightly slower
at lower temperatures in 2001, especially for Thiovit 3R, while the rates of degradation in the three
seasons in this study were much slower than those reported by Leavitt and Martin-Duvall (1998).
The rates of sulphur degradation in the study reported here were also higher for Thiovit 3R than for
Thiovit 1R in 2000 and 2001. Higher sulphur degradation rates when Thiovit® was applied at higher
application rates were also observed in the studies reported in Chapter 6.1.
The studies reported here also support the hypothesis that the efficacy of wettable sulphur for the
control of powdery mildew on grapevine foliage is related to spray coverage and the amount of
sulphur deposited on leaves, which, in turn, is related to the method of spray application. When
wettable sulphur (Thiovit®) was thoroughly applied at three times the recommended rate (Thiovit
3R), the estimated increment in sulphur level on grapevine foliage just after application (Thiovit 3R,
0.178-0.270% w/w S) was higher than when Thiovit® was applied at the recommended rate (Thiovit
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1R, 0.064-0.082 % w/w S). The persistence of sulphur on grapevine foliage was also increased. This
was reflected by improved control of powdery mildew with Thiovit 3R. Conversely, when spray
application to leaves was not as thorough, such as when leaves were sprayed using a commercial airmist sprayer in 1999, the increment (0.018 % w/w S) and persistence of sulphur on leaves and the
potential for powdery mildew control was lower. The latter, coupled with poorly performing spray
machinery, may explain why some grape growers have not achieved satisfactory control of powdery
mildew in vineyards after treatments with wettable sulphur.

7.8 Summary
These studies highlighted the relatively slow degradation of sulphur on grapevine foliage and showed
the value of wettable sulphur as a fungicide in Australian spray programs. Field trials over two
seasons indicated that sulphur on leaves from a single, thoroughly applied spray of wettable sulphur
at the recommended rate, persisted for more than 40 days. At three times the recommended rate,
sulphur persisted for more than 50 days. Furthermore, a single spray of wettable sulphur at three
times the recommended rate gave good control of grapevine powdery mildew for up to 50 days.
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8. Movement, distribution and effects of rust mite (Calepitrimerus
vitis) and preliminary studies of bud mite (Colomerus vitis) on
grapevines
Martina Bernard, Paul Horne, Ary Hoffmann
8.1 Abstract
Rust mite. Successful control of grapevine rust mite (Calepitrimerus vitis) requires knowledge
of mite behaviour in vineyards. The movement of rust mites from winter shelters to new
leaves in spring and from foliage to winter shelters in summer and autumn was examined.
Most mites over-wintered in the bark of vine cordons and crowns instead of in buds as
previously assumed. This has implications for mite control because the volume of sulphur
spray required to saturate the bark is higher than the volume needed to wet only spurs and
buds. The start of rust mite movement in spring coincided with Chardonnay woolly bud
stage. At this time the mites were most vulnerable to sulphur sprays because the adult mites
were exposed and their eggs, which are not susceptible to wettable sulphur, had not been laid.
When the mites migrated onto young shoots densely covered with hairs, they were not as
exposed to sulphur treatments. The summer and autumn movement of mites commenced in
early February.
High populations of over-wintered rust mites caused symptoms commonly associated with the
syndrome of restricted spring growth (RSG) in Australian vineyards. Very high mite
populations reduced the yield of grapevines. A treatment for the control of rust mite (Chapter
9) was used to selectively eliminate RSG. Numbers of migrating rust mites were recorded
using sticky tape traps in treated and untreated plots. The development of component
symptoms of RSG, leaf and shoot distortion, and retarded shoot growth, were investigated in
replicated field experiments over three years. Severe leaf distortion was associated with 415
± 48 rust mites per spur, while 1941 ± 381 to 2839 ± 407 mites per spur resulted in severely
retarded growth of shoots with distorted leaves. Reductions in shoot length still evident at
cap fall and fruit set, were 25-30% and up to 13%, respectively. High rust mite infestations
on leaves that caused typical leaf bronzing in late summer, did not influence the rate of
ripening of Cabernet Sauvignon grapes in an unusually hot early autumn. Bronzing over at
least half of the vine canopy across a block of vines in late summer was an indication of the
need to spray for rust mite control before bud burst in the following season. Studies showed
that the distribution of over-wintering rust mites in grapevine buds followed no particular
pattern. Rust mite predators within buds included phytoseiid predatory mites and larvae of
red thrips (Haplothrips victoriensis). The latter was identified for the first time as a predator
of rust mites in grapevines.
Bud mite. A survey of buds that had not burst on vines in several vineyards treated for the
control of rust mites revealed the presence of bud mites (Colomerus vitis) inside buds. Apical
meristems of primary and, often, secondary buds were dead in unburst buds with high
populations of bud mites (100-500 mites per bud). The remaining living tissue in the unburst
buds was characteristically scarred. The scarring and damage on surrounding shoots were
also documented. Clustered infestations of bud mite are likely to be responsible for the
winter bud necrosis and bud failure components of RSG, and distorted shoot growth in spring.
Publications on this R&D: Bernard et al. 2000, Bernard et al. 2001, Bernard et al. 2002.

8.2 Introduction
When this study commenced, little information on the behaviour of grapevine rust mites
(Calepitrimerus vitis) (Nalepa) and the effectiveness of commonly used control measures was
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available in Australia. Outbreaks of rust mite, characterised by the typical late summer
bronzing of leaves, were commonplace in most wine grape growing districts in the previous
ten years, as were symptoms of restricted spring growth (RSG). Research overseas indicated
that precise timing of spray applications was essential for the control of grapevine rust mite,
but it was unclear how this timing related to rust mite movement in spring from winter
shelters to new shoots (Baur 1999, Herrmann and Hoffmann 1995). Results presented here
outline the seasonal movement and distribution of rust mites relevant to integrated
management of the pest, particularly with respect to the timing of sprays of wettable sulphur.
We also present information on the involvement of mites in RSG and a preliminary
assessment of effects on grapevine yield. Results of preliminary studies of damage caused by
bud mites (Colomerus vitis) in grapevines are also presented.

8.3 Research objectives
This chapter reports studies to:
(1) Determine the seasonal distribution of rust mites on grapevines.
(2) Collect information on over-wintering and movement of rust mites to and from winter
shelters.
(3) Document spring damage caused by rust mites.
(4) Undertake an analysis of a possible connection between rust mite spring damage and
RSG.
(5) Undertake a preliminary analysis of the effects of rust mites on yield.
(6) Undertake an analysis of the effects of outbreaks of rust mites on grape ripening.
(7) Document bud mite damage in grapevines and undertake a preliminary investigation of a
possible link between bud mite and RSG (winter bud necrosis and poor bud burst).

8.4 Methods
Over-wintering and movement of rust mites
Spring migration
Mites migrating from winter shelters to buds of spurs and canes were intercepted from the
start of August to the end of October each year at three to four day intervals by sticky tape
traps (Tesa 4959, Duffner and Schruft 1998). The traps were placed at the base of spurs on
vines that showed heavy and uniform bronzing of leaves in the previous autumn. Traps at
14–30 positions (two per vine) were collected from each variety and site studied. Basal buds
below the traps were removed so that the traps were between the cordon wood and the bud
tissue, intercepting all mites moving to the bud tissue from winter shelters in cordon wood.
Tapes were placed on dry cleaned wood. Tapes were collected every three days, placed
inside plastic sheet protectors and assessed at x40-60 magnification using a binocular
microscope with base light transmitted through the tapes. Both sides of each tape were
counted to obtain a total count of mites per spur, representing the number of mites that
migrated every three days. Counts per spur for tape traps every three days were summed to
obtain the total number of mites migrating onto each spur over the migration period. Spring
migration and movement of rust mites onto leaves was studied in Chardonnay grapevines in
the Yarra Valley in 1999. Spring migration was studied in Chardonnay and Cabernet
Sauvignon vines in the Yarra Valley, King Valley and Gembrook Vic. in 2000. The onset of
feeding and egg lay was also studied in Chardonnay and Cabernet Sauvignon in the Yarra
Valley in spring 2000 by dissecting buds at regular intervals over the migration period. This
information was collected alongside migration data from the same site.
Autumn migration and over-wintering patterns
Rust mite autumn migration and over-wintering patterns were studied in autumn and winter
2000 in Chardonnay vines in the Yarra Valley by the method described above. Canes were
taped at the base and mites moving downward from the canopy were intercepted just before
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they entered the cordons. In addition, the mites in buds at node positions two, three, four, five
and six on the canes were extracted using a combination of bud dissection and bud washing
methods. This was done to determine numbers of mites over-wintering in the cane buds. The
numbers were compared to the total number of mites moving from the same cane into winter
shelters in cordons as indicated by the number of mites intercepted by the sticky trap at the
base of the cane. In this way, the proportion of the population over-wintering in cordon wood
versus buds was determined. The autumn migration data was collected for unbronzed and
heavily bronzed Chardonnay vines from an area adjacent to the same vineyard in the Yarra
Valley in autumn 2000. The data was used to design rust mite monitoring procedures based
on the presence or absence of bronzing and to determine if the presence of bronzing was a
good indicator of the need to spray for rust mite control in the following spring.
Rust mite damage
Spring 1999
Trapping of rust mites during their migration from winter shelters to new green tissue in
spring was used to evaluate the effects of a pre-bud burst spray, study mite emergence from
winter shelters and examine the effects of mite feeding on the extension of young leaves and
shoots.
A 5.4 ha block of heavily bronzed Chardonnay vines was selected in a 29 ha commercial
vineyard in the Yarra Valley in autumn 1999. Vines were spaced 1.8 m along rows that were
3.4 m apart, pruned to two to three bud spurs and vertically shoot positioned. Plots of vines
for treatment or no treatment (control plots) were arranged in a row randomised design.
When the movement of rust mites across traps at the base of spurs began at the late woolly
bud stage (18 August 1999), the treatment plots were sprayed with a mixture of wettable
sulphur (0.66% Top Wettable Sulphur or Thiovit®) and canola oil (2% Supastik®) (see
Chapter 9). The spray was applied to the point of run-off on the thickest part of the cordon
bark at 900 L/ha using a knapsack sprayer. Control plots were sprayed with water. Trapping
of rust mites followed the method described above, devised by Duffner and Schruft (1998)
and Duffner (1999). Twelve spurs per replicate and two to four spurs per vine were taped
with rust mite traps. Temperature was monitored by data loggers and stages of vine
development were recorded every three to four days with reference to the modified EichhornLorenz (E-L) scale (Coombe 1995).
The mean number of rust mites and standard errors were calculated based on 30-36 trapping
spurs per treatment per date. Mean numbers of migrating rust mites per spur per treatment
were compared using analysis of variance (ANOVA). When five to eight leaves were
separated, 33-34 days (d) after bud burst (3-4 October 1999), 26 shoots per replicate plot were
selected at 30cm intervals. Shoot length and the incidence and severity of distortion of leaves
and shoots were scored. The first four fully unfolded leaves of standard size on each shoot
were scored according to their level of distortion by allocating the leaves to the following
categories: (1) “severe ” (severe distortion across more than half of the leaf surface, (2)
“minor” (one point to a third of the leaf area distorted), and (3) “no distortion”. The number
of leaves in each category per replicate was summed, proportions of severely distorted leaves
calculated, arcsin transformed, and analysed using ANOVA. Mean shoot length for the
control and treated vines was compared using ANOVA.
Spring 2000
Selective trapping of rust mites during their spring migration from winter shelters on spurs
was paired with untaped spurs, to correlate numbers of rust mites with the length of shoots on
Chardonnay and Cabernet Sauvignon vines. Testing was carried out in commercial vineyards
with severe, uniform, leaf bronzing in the pervious autumn. Three weeks before the spring
migration of rust mites commenced, one spur per cordon per vine was selected at random,
giving a total of 14 migration trapping points per vine and variety per site. Trapping was
done as described above. An untaped spur of the same calliper as a taped spur was selected at
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a distance of exactly 20 cm so that spurs without and with tapes alternated left and right. If
the same calliper spur was not available, a spur of the same calliper nearest to 20 cm from the
taped spur was selected. Spurs were marked with a tagging tape at the tips. The first shoot of
an untaped spur was paired with the first shoot of the taped spur. Care was taken to ensure
the node level and height above the cordon was the same for each pairing to prevent unequal
influence of apical dominance within each pair of shoots. Fourteen pairs per variety per site
were marked. On 24 November 1999, circa 80% cap fall, all paired shoots were cut and
measured. Paired shoot lengths were analysed separately for each vine variety for each site
using a paired two-sample t-test.
Spring 2001
Further assessments of the effects of feeding of rust mites on shoot extension were conducted
on blocks of vines in two commercial vineyards in the Adelaide Hills region in spring 2001.
The studies were conducted in a block of Cabernet Sauvignon vines (4.2 ha) at Gumeracha
SA and a block of Sauvignon Blanc vines (3.6 ha) at Kuitpo SA. Vines at both sites had
severe leaf bronzing in late summer of the previous season and a history of severe symptoms
of RSG in the two previous springs. Treated vines at each site were sprayed with wettable
sulphur and canola oil (as described above) at the woolly bud stage using commercial spray
machines. A third of the block of Cabernet Sauvignon vines, and a row transecting the block
of Sauvignon Blanc vines were not sprayed. Plots, arranged in a paired untreated and treated
replicate design, were replicated five times across each block and along a transect separating
treated and untreated sections. In the trial on the Cabernet Sauvignon vines, there were five
plots, each with 32 vines (eight vines x four rows). The distance between each treated and
untreated (control) plot within each pair was 10 vine rows (34m) while the distance between
each pair was 24 vines (43.2m). In the trial on the Sauvignon Blanc vines there were five
plots, each with 30 vines. Vines at each site were seven years old (ie. in their fifth cropping
year), spur pruned and trained to a single unilateral cordon, and spaced at 1.5m along rows
and at 2.4m between rows.
In each plot, one spur per vine was selected at random and shoots at nodes one and two were
measured, giving 32 measurements per node per replicate. Measurements of shoot length
were taken on 18 October 2001 (when shoots had five to six separated leaves in sprayed
plots) and on 27-30 December 2001 (after fruit set). Different spurs were selected for
measurement each time. Mean lengths of paired treated and untreated shoots were analysed
separately for each vine variety, shoot node, and date using a one-tailed paired t-test.
Effects of rust mite damage in spring on vine yield
The effects of rust mite damage in spring on vine yield were studied in a trial with a rowrandomised design in spring 1999. Plots of eight treated and untreated (control) vines were
replicated three and four times, respectively. Treated vines were sprayed at the woolly bud
stage with wettable sulphur (0.66% Thiovit®) and canola oil (2% Superstik®) at 900L/ha.
Bunch length and the number of berries on the third branch of each bunch were assessed at
fruit set. Bunch length was correlated with the total number of berries per bunch at fruit set.
A further study of the effects of rust mite damage on the yield of Cabernet Sauvignon vines at
Gumeracha SA was conducted in spring 2001. In a similar but larger trial, plots of treated
and untreated vines, each consisting of a row of 150-200 vines, were replicated five times.
The weight of grapes from each plot (row) was determined at harvest.
Effects of rust mite damage in late summer (leaf bronzing) on the rate of ripening
The effects of rust mite damage in late summer on the rate of ripening of grapes was
investigated in the Yarra Valley, initially in Chardonnay vines in summer and autumn 2000,
and later, in more detail, in Cabernet Sauvignon vines in summer and autumn 2001. Cabernet
Sauvignon was chosen because vines of this variety are late ripening and are more likely to
suffer delays in ripening because of rust mite infestations. The yield and quality of grapes of
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this variety are also more likely to be affected if ripening is delayed in cool summers or in
cooler regions that are subject to early autumn rains. Moderately to highly bronzed Cabernet
Sauvignon vines with 83.2 ± 3.6% canes bronzed, 69.6 ± 2.8% nodes per cane bronzed, and
75% of leaf area per leaf bronzed were compared weekly to minimally bronzed vines, with
15.2 ± 2.1% canes bronzed, 40.7 ± 1.6% nodes per cane bronzed, and 50% of leaf area per
leaf bronzed. The vines were assessed three times in the month before harvest, when the
°Brix of berry juice ranged from 20.7-25.0. Bronzed and un-bronzed vines, selected in the
same patchily bronzed block, were paired and matched for trunk calliper and the number of
canes and bunches. Five bunches per vine from 5-8 pairs of vines were collected at each
assessment date. Different vine pairs were used at each assessment time so that bunch
removal did not influence ripening. The rate of ripening was not studied in vines that were
100% bronzed, because it was not possible to set up bronze-free, paired and matched control
vines in the same vineyard block.
Survey of unburst buds for bud mite presence and damage
A survey of unburst buds collected from vines at sites in the Adelaide Hills SA, and in
Victoria was carried out in spring 2001. Unburst buds were collected from 18 October to 26
November 2001. Vineyards treated commercially with wettable sulphur and canola oil at
woolly bud for the control of rust mites, but with persistent symptoms of winter bud necrosis
and poor bud burst in spring, were studied. Buds that failed to burst, but otherwise appeared
to be normal at bud swell were collected. Buds with exposed leaf hairs, and buds that were
bleached with clearly disintegrated primary buds were avoided because these tended to no
longer contain living tissue and were too disintegrated to determine the original cause of bud
damage. Buds that were examined were dissected by slicing each bud transversely into two
halves. Bud scales were carefully removed, one at a time, from the centre outwards. Both
sides of scales were examined and mites that were present were counted. Numbers of bud
mites found inside buds were divided into the following categories: 0, 1-25, 26-50, 51-99,
100-199, 200-299, 300–499, and > 500, and symptoms of bud damage were documented. In
addition, 40 vines were selected at random across a site in the Adelaide Hills with vines of
Cabernet Franc that were severely infested with bud mites. The number of unburst buds and
shoots per vine were counted. Damage inside buds and distortions of shoots associated with
unburst buds were documented as described by Bernard et al. (2002).

8.5 Results and discussion
Rust mite damage in late summer and autumn
Bronzing of leaves (Figure 1a) was a symptom of rust mite damage in summer and early
autumn. Leaf bronzing was the result of rust mite feeding damage accumulated over the
entire growing season. Presumably it is also associated with hot dry summer conditions
which gradually desiccate the sub-cuticular leaf layer where rust mite feeding takes place.
The desiccation appeared as bronzing. On vines in the King Valley where at least half of the
canopy was bronzed, more than 3,000 rust mites per leaf were present in late January just
prior to their migration to winter shelters. On Chardonnay vines in the Yarra Valley, severe
leaf bronzing in most of the canopy corresponded to an average of 4975 ± 1,265 rust mites
per cane completing migration to winter shelters in the bark of cordons and near the base of
spurs. When vines carrying such a large over-wintering population of rust mites were sprayed
with wettable sulphur and canola oil at woolly bud in the following spring, 4.52 ± 0.73 rust
mites migrated per spur. In heavily bronzed vines that were not sprayed at woolly bud, 534 ±
89 to 2839 ± 407.3 rust mites per spur emerged from winter shelters and moved to buds,
causing severe leaf distortion and severely retarded shoot growth. Feeding occurred from
very late woolly bud or from bud burst, depending on the variety. Egg lay commenced
several days later.
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Spray decision making based on presence or absence of leaf bronzing in late summer
The feeding damage of 534 ± 89 rust mites per spur also caused a 9% reduction in the
parameters of yield measured at fruit set (Bernard et al. 2000). Hence, the presence of
uniform leaf bronzing over at least half of the vine canopy across a block was an indication of
a need to spray for the control of rust mite before bud burst in the following spring. By
contrast, only 34.4 ± 4.1 rust mites per spur migrated to winter shelters in un-bronzed
Chardonnay vines. Absence of bronzing, at least in seasons with regularly hot summer
conditions, is, therefore, a good indicator that there is no need to apply a spray at woolly bud
in the following spring. These observations were confirmed on a commercial scale over four
years at the site in the Yarra Valley where our experiments were initially conducted in 1999.
Rust mite over-wintering and autumn migration patterns
Winter 1999
The distribution of over-wintering mites inside buds followed no particular pattern in five
randomly selected canes (Canes A-E) whose buds were dissected from node 1-15 (Figure 1b).
Significantly, more mites were found on the second clear buds than on the tenth clear buds on
canes in winter 1999. This suggests that rust mites tend to over-winter in distal rather than
proximal buds of canes. However, few rust mites were found over-wintering inside buds
(Figure 1b), even though the vines were severely bronzed in the previous autumn. Bud
dissections also indicated the presence of rust mite predators including phytoseiid predatory
mites (Figure 1b, Canes C and E), and active larvae of red thrips, Haplothrips victoriensis
(Figure 1b, Canes A-E). These were also observed feeding on over-wintering rust mites in
the field and in no-choice laboratory feeding tests at 16°C. Eggs of H. victoriensis were
found in the tips of winter buds and very young larvae were found feeding on rust mites
inside winter buds. Previously, H. victoriensis has been reported as a predator of pest thrips
and two-spotted mite in vegetables (Peter Bailey, SARDI, Adelaide SA, personal
communication). Here it has been identified as a predator of rust mites in grapevines for the
first time.
Autumn 2000
The over-wintering of rust mites away from vine buds was confirmed in further studies
conducted in autumn 2000. An average of 20.1, 24.2, and 42.2 rust mites per bud overwintered in buds at nodes 2-3, 4-5 and 6-7, respectively, on canes in severely bronzed vines.
The variability in rust mite numbers from bud to bud was extremely high, and there was no
significant difference in the number of mites per bud between the node levels (ie. nodes 2-3
and 4-5: P= 0.549; nodes 2-3 and 6-7: P= 0.754; nodes 4-5 and 6-7: P= 0.227). Furthermore,
the number of mites migrating down each cane had no impact on the number of mites settling
to over-winter in buds of that cane. There was no correlation between the number of mites
found in buds of canes and the number of mites migrating to cordons below the cane
(r=0.224, P=0.534).
Significantly greater numbers of rust mites migrated down vine canes past buds to overwinter in the bark of cordons (5458 ± 1485.7), compared to the number of mites overwintering in buds at nodes 2-7 (178.1 ± 72.68), t = 3.599. df = 9, P = <0.01. Thus, only
3.26% of the rust mite population over-wintered in buds while the vast majority (96.7%)
moved down the canes beyond buds to over-winter in the thick, fissured bark of cordons.
This is an important finding, because it changes the target of sprays from spurs to the cordon
wood. As a consequence, higher volumes of spray will be required for effective pre-bud burst
rust mite control. Furthermore, migration to winter shelters started surprisingly early (7-10
February 2000). This is also an important observation because it explains why post-harvest
wettable sulphur sprays at twice the recommended rate targeted at the leaf canopy, a common
practice prior to this research, did not effectively control rust mites. When these sprays were
applied, rust mites had already migrated to winter shelters in the cordon wood and were
inaccessible and not affected by low volume sprays directed onto the leaves.
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Rust mite damage in spring and restricted spring growth (RSG)
Spring rust mite damage was different to the summer damage. Severe leaf crinkling and poor
shoot growth (Figures 2 and 3) were most pronounced from just after bud burst until shoots
had approximately 8-10 separated leaves. After that, symptoms gradually decreased until
they almost disappeared (Figure 4). Hence, the effectiveness of sprays for the control of rust
mites and the level of spring damage need to be assessed when symptoms are clearly visible,
ie. in the period from just after bud burst until shoots have 6-8 separated leaves.
On Cabernet Sauvignon vines in the Yarra Valley, growth of shoots with four to five
separated leaves heavily infested with rust mites was reduced by two thirds compared to
growth of uninfested shoots. Development of symptoms of RSG on adjacent (paired) shoots
of the same vines was prevented completely when all rust mites migrating onto the shoots
were trapped on double sided sticky tape traps (Tesa 4959, Duffner and Schruft 1998) placed
at the base of canes (Figure 5). When symptoms of RSG developed, they persisted, at least
until flowering (Figure 6).
Spring 1999
When Chardonnay vines that were heavily bronzed in the previous autumn, were sprayed
with wettable sulphur and canola oil at the late woolly bud stage, (ie. when the spring
migration of rust mites across the junction between the 1-year old spur wood and the older
wood of vine cordons commenced), the incidence of severe leaf distortion caused by the
feeding of over-wintered rust mites was reduced significantly (ANOVA F = 89.54, df = 7, P
<0.001). The latter damage is a symptom that has previously been attributed to RSG in
Australia.
The incidence of severe distortion of the first four fully unfolded leaves of shoots with 5-7
separated leaves on treated vines was 4.0 ± 1.78 %, compared to an incidence of 70.3 ± 4.84%
on untreated vines (Figure 7). Following spray application, there was a significant difference
between treated and untreated vines in relation to the number of rust mites migrating from
winter shelters onto each spur. In untreated vines, 415.2 ± 48.13 mites per spur migrated
compared to 4.52 ± 0.725 mites per spur in treated vines (F = 372.67, df = 1, 4, P < 0.001) as
shown in Table 1. Assuming 20 spurs per vine, the rust mite migration per spur on treated
vines was equivalent to an infestation of 8300 female rust mites per vine at the onset of the
growing season. Although the feeding of this number of mites caused severe leaf distortion in
six year old Chardonnay vines (Figures 2 and 7), shoot length was not reduced significantly in
early spring, when shoots had 5-8 separated leaves, 34 days after bud burst (Table 1).
However, rust mite infestations higher than 415.2 ± 48.13 mites per spur caused RSG in
spring 2000.
Spring 2000
Over the entire period of rust mite migration from winter shelters to new buds and shoots, (14
August to 23 October 2000), 2839 ± 407.3 rust mites were trapped per spur in Chardonnay
vines and 1941 ± 381.1 rust mites were trapped per spur in Cabernet Sauvignon vines in the
Yarra Valley. At St. Andrews, 1377 ± 238.8 rust mites were trapped per spur on Cabernet
Sauvignon vines (Table 2). This level of mite infestation per spur caused severe leaf
distortion and reduced shoot growth. This was most apparent after growth commenced in
early spring until shoots had approximately 6-8 separated leaves (Figure 3). Symptoms
became less pronounced later in spring, reflecting the influence of increased grapevine growth
and the increased capacity of vines to cope with infestations of rust mites (Figure 4a-b).
However, a significant reduction (24.7-30.4%) in shoot length (P < 0.001) was still evident at
flowering in both varieties (Table 2).
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Table 1. Effects of infestations of rust mites on shoot length in Chardonnay vines in the
Yarra Valley in spring 2000. [The mean length of shoots with 5-8 separated leaves (E-L 1215) ± standard error (S.E.) was based on 3-6 replicates of 26 shoots and the mean number of
rust mites per spur ± S.E. was based on 3 replicates of 10-11 spurs].
Untreated

Treated*

Statistic

P

Mean length of
shoots (cm) ± S.E.

21.08 ± 0.35

21.11 ± 1.56

F=0.2919, df = 1, 7

0.494

Mean number of rust
mites per spur ± S.E.

415.2 ± 48.13

4.52 ± 0.725

F= 372.67, df = 1, 4

< 0.001

*Treated at woolly bud with 0.66% wettable sulphur and 2% canola oil applied at 900 L/ha.

Similar reductions in shoot length were recorded for Chardonnay and Cabernet Sauvignon.
However, the reduction in shoot length in Cabernet Sauvignon vines occurred at a lower level
of rust mite infestation than in Chardonnay vines (Table 2). This confirms that Cabernet
Sauvignon is more susceptible than Chardonnay to feeding damage by rust mites in spring (at
this or lower levels of mite infestation). This is consistent with our field observations and
reports by grape growers. Vine varieties that require higher mean temperatures for bud burst
and early shoot extension in spring such as Sauvignon Blanc and Cabernet Sauvignon
(Coombe and Dry 1988), tend to exhibit more severe reductions in shoot growth in the 20-40d
period following bud burst, and are slower to recover over time. This varietal susceptibility
appears to be associated with the rust mite to surface area ratio. This was also noted by Perez
Moreno and Moraza (1997). On shoots that are growing fast, the number of rust mites per
unit area of green tissue decreases rapidly and the amount of feeding damage per unit area
caused by the same number of rust mites on each shoot is lower. The converse is true for vine
varieties that require higher temperatures for shoot extension, such as Cabernet Sauvignon
and Sauvignon Blanc, and for all varieties during unseasonably cold periods in early spring.
When cold weather conditions occur just after bud burst, the expansion of severely infested
shoots of all vine varieties is reduced while mite feeding damage continues. Ultimately, in
this situation, damage is more severe than would be the case if shoots were growing faster.
This exacerbation of rust mite damage by lower temperatures may have led to the mistaken
assumption that cold conditions actually caused the symptoms. Hence, we suggest that the
popular local tendency to attribute RSG to cold weather is incorrect. Linking the correct
causal agent, rust mite, with RSG will ensure a simple solution to the RSG problem in many
vineyards.

Table 2. Effects of rust mite on the length of shoots on Chardonnay and Cabernet Sauvignon
vines at flowering in the Yarra Valley and at St. Andrews in spring 2000. [The mean length
of paired taped and untaped shoots ± S.E. was based on 9-13 shoots. The mean number of
rust mites ± S.E. per spur was based on collections from 14 traps].
Site

Mean number Mean shoot length ± S.E.
Percent
of rust mites
(cm)
reduction
per spur ±
Taped
Untaped
S.E.
shoots
shoots
Chardonnay
Yarra Valley 2839 ± 407.3
97.2 ± 8.76 71.2 ± 6.00
26.7
-*
93.2 ± 7.78 64.8 ± 8.86
30.4
Cabernet
Yarra Valley 1941 ± 381.1
86.8 ± 5.69 61.9 ± 5.61
28.7
Sauvignon
-*
72.2 ± 6.57 52.9 ± 4.57
26.7
St Andrews
1377 ± 238.8
74.3 ± 4.45 56.0 ± 4.96
24.7
*Double sided traps at bases of taped spurs trapped all rust mites migrating between
October 2000.
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t

df

4.205
8
3.178 10
3.726 12
3.058 11
3.175 11
14 August -

P-one
tailed

<0.001
<0.001
<0.001
<0.001
<0.001
28

Spring 2001
Wettable sulphur and canola oil sprays applied at the woolly bud stage of Cabernet Sauvignon
and Sauvignon Blanc vines prevented leaf distortion and retardation of shoot growth. When
4-6 leaves were separated on 18 October 2001, the mean length of shoots at nodes 1 and 2 on
untreated vines of both varieties was significantly lower (P < 0.001) than the length of shoots
at the same nodes on treated vines. In Cabernet Sauvignon, lengths of shoots at nodes 1 and 2
were reduced by 47.2 % and 43.0 %, respectively. In Sauvignon Blanc, shoot lengths were
reduced by 32.8 % and 27.1 %, respectively (Table 3). Reductions in shoot length became
less pronounced as the season progressed because additional vine growth compensated for the
reduction in growth earlier in the season. However, a small but significant (P < 0.05)
reduction in shoot length persisted after fruit set until the end of December 2001 (Table 3).
Shoots at node 1 on untreated Cabernet Sauvignon and Sauvignon Blanc vines were 12.1%
and 12.8% shorter, respectively, than those on treated vines. Shoots at node 2 on untreated
Sauvignon Blanc vines were similarly reduced (11.6%), while those at node 2 on untreated
Cabernet Sauvignon vines were not significantly different from those on treated vines (Table
3). These results indicate that severe feeding damage caused by rust mites in early spring can
affect the growth of later bud-bursting vine varieties such as Cabernet Sauvignon and
Sauvignon Blanc until fruit set.

Table 3. The effects of a high volume pre-bud burst wettable sulphur and canola oil spray on
retarded shoot growth caused by rust mites in Cabernet Sauvignon and Sauvignon Blanc vines
in spring 2001. [Mean shoot lengths ± S.E. for treated and untreated vines were based on five
replicates].
Variety

Site

Node

Mean shoot length ± S.E.
(cm)
Treated *

Untreated

18 October 2001: Shoots with 4-6 separated leaves (E-L 11-13)
Cabernet
Gumeracha 1
12.0 ± 0.23
6.34 ± 0.40
Sauvignon
2
15.3 ± 0.42
8.68 ± 0.43
Sauvignon Kuitpo
1
8.15 ± 0.19
5.48 ± 0.17
Blanc
2
11.6 ± 0.47
8.42 ± 0.13
27- 30 December 2001: 2-3 weeks after fruit set
Cabernet
Gumeracha
1
79.9 ± 3.30 69.9 ± 2.83
Sauvignon
2
85.7 ± 1.07 80.0 ± 2.49

Reduction in
shoot length
(%)

T
(df =4)

P-onetailed

47.2 ± 2.85
43.0 ± 3.97
32.8 ± 1.24
27.1 ± 3.10

17.04
9.233
24.10
6.665

<0.001
<0.001
<0.001
<0.001

12.1 ± 4.23

2.879

0.0225

6.56 ± 3.70
1.811
Sauvignon Kuitpo
1
73.0 ± 1.66 63.5 ± 2.09
12.8 ± 3.89
3.081
Blanc
2
78.7 ± 1.82 69.7± 4.47
11.6 ± 4.02
2.950
*Treated at woolly bud with 0.66% wettable sulphur and 2% canola oil applied at 900 L/ha.
NS = not significant

NS
0.0184
0.0210

Rust mite damage in spring has been misdiagnosed in Australia. It has often been referred to
as restricted spring growth or RSG and assumed to occur because of a wide range of factors.
However, prior to our studies, no investigations were conducted to determine if rust mites
were a potential cause. Factors assumed to cause RSG on vines were: winter chilling injury,
post harvest and winter water stress, poor induction of frost hardiness, shallow root zones,
waterlogging in poorly structured clay soils, differences in varietal susceptibility,
overcropping of young vines (Wilson 1995, Wilson and Hayes 1996, 2000), and grapevine
yellows (Smart 1997). While there may be other causes of restricted growth on vines,
including grapevine bud mites, our research consistently links symptoms of RSG to large
infestations of rust mites in spring. Hence, we suggest that investigating the presence of rust
and bud mites and applying treatments against each of these pests are the most promising first
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steps growers should undertake to address grapevine leaf distortion and retarded spring
growth (caused by rust mite), and poor bud burst (caused by bud mite).

Rust mite spring migration patterns
In spring 1999, in Chardonnay vines in the Yarra Valley, rust mite migration started on 21-24
August, at the mid to late woolly bud stage (E-L 3) when less than 10% of buds were at the
first green tip stage. The migration lasted for 40 days, proceeding mostly at a low rate, except
for the period from 8-14 September 1999, when shoots had 1-3 separated leaves (E-L 7-9). In
this period, the majority of mites migrated (Figure 8). Four weeks after bud burst (29
September 1999) when shoots had 5-6 separated leaves (E-L 12-13), all mites were on the
new shoots, and 80.5% of these were on new leaves. Six weeks after bud burst, when shoots
had 9-10 separated leaves (E-L 16), 94.5% of mites were on leaves and therefore, partially
inaccessible to contact sprays. This is an important observation, because it confirms that
sprays applied at two and four weeks after bud burst will not provide effective control of rust
mites. Sprays at these times did not reduce rust mite numbers significantly and they were
applied after the spring feeding damage had already occurred.
Rust mite migration was also studied at seven sites in spring 2000. At four of these sites,
Chardonnay and Cabernet Sauvignon vines were studied concurrently so that patterns of
migration on the varieties could be compared. The sites were in Victoria, in the Yarra Valley,
King Valley and Diamond Valley, and at Gembrook. The start of rust mite migration onto
buds coincided with the Chardonnay woolly bud stage in vines of Chardonnay (the earliest
bursting variety) and Cabernet Sauvignon (the latest bursting variety). Therefore, the
Chardonnay woolly bud stage appears to be a good indicator of the start of rust mite
migration to developing buds and this can be used to time woolly bud sprays against rust
mite, not only on Chardonnay, but also on other varieties. This is an important finding
because it indicates that the onset of rust mite migration is independent of vine variety and
appears to follow temperature and day length cues. The onset of mite migration also
determines the period (window) for spraying all vine varieties.
Effects of rust mite damage in spring on vine yield
Rust mite damage in early spring, caused a small but significant reduction (8.9%) in bunch
length assessed at fruit set (ANOVA, F(1,3) = 15.46, P < 0.05) (Table 4). Shoots with the first
four separated leaves showing severe leaf crinkling at E-L 12-13, (when shoots had 5-6
separated leaves), bore first bunches with a mean length of 8.85 ± 0.30cm. By comparison,
shoots with undamaged or minimally damaged leaves had first bunches with a mean length of
9.71 ± 0.26cm. Bunch length was positively correlated (r = 0.914) with the total number of
berries per bunch at fruit set. The number of berries on the third branch of the first bunch on
canes was not significantly different on untreated and treated vines (F(1,3) = 4.002, P = 0.139).
However, the number of berries on the third branch of first bunches was positively correlated
with the number of berries in bunches at fruit set (r = 0.916).
If this trend holds, early spring damage would modestly reduce vine yield in the same year by
approximately 8-10% where the initial spring rust mite infestation corresponded to 415.2 ±
48.13 mites per spur at the end of the spring migration from winter shelters. However, further
studies indicated that this level of infestation was low. It caused severe leaf distortion, but did
not cause retarded shoot growth. Shoot growth was significantly retarded when the rust mite
infestation at the end of the spring migration was 1942 ± 381 mites per spur (Table 2). Thus
the corresponding yield loss is likely to be far greater than 10%. Overseas research reports
(Baillod and Guignard 1986, Perez Moreno and Moraza 1997) and grower reports,
particularly for Sauvignon Blanc from the Adelaide Hills, suggest that larger yield losses can
be caused by rust mites.
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Table 4. Effects of rust mite damage in spring on yield parameters of Chardonnay vines at
fruit set, caused by an initial infestation of 415.2 ± 48.13 over-wintered rust mite females per
spur.
Treated*
Untreated
Reduction
Yield parameter
Statistic
P
(80% cap fall to
(%)
fruit set)
Mean length of
9.71 ± 0.26
8.85 ± 0.30
8.86
F (1,3) = 15.46
< 0.05
first bunch (cm)
Number of
NS
31.0 ± 1.40
26.2 ± 1.51
F (1,3) = 4.002
0.139
berries on third
branch of first
bunch
*Treated at woolly bud with 0.66% wettable sulphur and 2% canola oil applied at 900 L/ha.
NS = not significant

The results of a further study of the effects of rust mites on yield of Cabernet Sauvignon,
conducted in spring 2001 at Gumeacha in the Adelaide Hills, will be reported later in industry
and scientific publications. This study was designed to detect yield effects against a
background of considerable yield variability.
Effects of rust mite summer damage (bronzing) on the rate of grape ripening
No significant delay in ripening was detected in moderately to highly bronzed Cabernet
Sauvignon vines in the Yarra Valley in the hot summer of 2001, when conditions were very
favourable for ripening. Similarly, no significant delay in ripening was detected in
moderately to highly bronzed Chardonnay vines studied in 2000. Moderately to highly
bronzed Cabernet Sauvignon vines and minimally bronzed vines were paired and their rates
of ripening were compared. Bronzed vines had 83.2 ± 3.6% of their canes bronzed, 69.6 ±
2.8% nodes per cane bronzed, and 75% of their leaf area bronzed. Minimally bronzed vines
had 15.2 ± 2.1% of their canes bronzed, 40.7 ± 1.6% nodes per cane bronzed, and 50% of
their leaf area bronzed. No significant difference in °Brix, pH or titratable acidity (TA) of the
juice of grapes from bronzed and minimally bronzed vines was detected when weekly
measurements were taken in the three weeks before harvest. Similar results were obtained
from the experiment carried out in Chardonnay vines. At harvest (16 April 2000), there was
no significant difference between the °Brix of grape juice from bronzed vines (°Brix = 20.85
± 0.514) and that from minimally bronzed vines (°Brix = 21.45 ± 0.509) [t = 0.972, df = 6, P
= 0.184].
Hence, moderate to high bronzing did not have an effect on the rate of grape ripening. This is
consistent with the observation that bronzing has no effect on the function of chlorophyll in
grapevines, when measured as chlorophyll fluorescence (Duffner 1999). It appears that any
reduction in light penetration because of bronzing damage in the cuticular layer of the leaf
where rust mites feed, has no effect on the photosynthetic capacity of chlorophyll. This is
consistent with the facts that chlorophyll-containing pallisade cells are too deep inside the leaf
to be damaged by rust mite feeding, and that only a small portion of the available light is
required for photosynthesis. However, severe bronzing, especially in unseasonally cold
ripening conditions may delay ripening. This question could not be addressed in this research
because it was not possible to set up a bronze-free, paired and matched control in the same
vineyard block that contained severely (100%) bronzed vines. Bronzing was too uniform
across the entire block. It is possible that severe leaf bronzing could have a detrimental effect
by collapsing leaf guard cells, and thus, interfering with stomatal function. Potentially this
may slow down leaf CO2 and O2 gas exchange, which is known to slow the rate of
photosynthesis. Other rust mite species, such as apple rust mite, have been found to have a
negative effect on leaf gas exchange. We recommend, therefore, that gas exchange in leaves
of severely bronzed vines should be studied further to increase understanding of the effects of
rust mite bronzing damage on grape ripening.
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Effects of bud mites on grapevines
The site most infested with bud mites was a vineyard with Cabernet Franc vines at Lower
Hermitage in the Adelaide Hills SA. Of 69 randomly selected unburst buds that superficially
appeared to be healthy buds at the bud swell stage (E-L 2), 63 (91.3%) contained bud mite
adults, nymphs and eggs. Fifty-seven (82.6%) contained more than 50 bud mites, while 42
(60.9 %) contained 100-500 bud mites (Table 5). The level of bud damage corresponded to
the level of infestation. All buds collected were damaged inside, showing distinct necrotic
spotting. Blistering distortion was found on scales in buds with more than 50 bud mites.
Necrosis of the apical meristem of the primary bud was associated with buds containing more
than 100 bud mites, and this occurred in 42 (60.9 %) of the buds collected (Table 5). Where
necrosis of the apical meristem occurred in both the primary and secondary buds, and where
all bud scales were necrotic, no live bud mites were found. This is likely to be due to
emigration when the food supply was exhausted, from the dead buds to newly forming bud
primordia in leaf axils of growing shoots as described by Dennill (1986) in South Africa, and
confirmed in Australia (Hurst and Hoffmann, unpublished data). Only 3 buds (4.34%)
contained no bud mites and showed no damage other than minimal necrotic spotting of scales.
This level of infestation corresponded to a mean of 20.4 ± 1.13% of unburst buds per vine
across the Cabernet Franc vineyard site. Buds of other varieties and sites also contained bud
mite and typical symptoms of its damage. Some are reported in Table 5.
All symptoms of bud damage and distortions of shoot growth adjacent to unburst buds were
photographed, documented and published for wine industry use together with bud mite spray
recommendations (Bernard et al. 2002). Shoot distortions included thin spindly zig-zag
shoots, very short 2-4 internode shoots with necrotic apical meristems, shoots of apparently
normal vigour but with internodes 1-4 compressed, shoots without bunches and/or with
distinct blistering at their base like that found inside bud scales, and ‘twin shoots’ that
developed because of secondary bud burst in place of a dead primary bud.
Table 5. Survey of unburst buds in vineyards in spring 2001. Presence of bud mites and
corresponding damage of unburst buds collected in October-November 2001.
Variety
(Number of
buds
examined)

Cabernet
Franc
(69)

Site

Lower
Hermitage
SA

Cabernet
Sauvignon
(20)

Lower
Hermitage
SA

Shiraz
(18)

Lower
Hermitage
SA

Number
of buds

Number
of bud
mites per
bud

Bud
mite
eggs

Buds with
necrotic
spots
(%)

Buds with
blistering
(%)

3
6
15
30
9
3
3
8
2
3
7
7

0
1-49
>50-99
100-200
201-300
301-500
?
0
2
3-49
?
0

+
+
+
+
+
?
+
+
?
-

100

0

6

+

+

5

?

?

Percent
1º bud
apical
meristems
with
necrosis
0

Percent 2º
bud apical
meristems
with
necrosis

Percent
unburst
buds per
vine
(n= 40)

0

20.4 ± 1.13

100
100

100

15.4

23.1

100
7.7

n/a

n/a
100

n/a
53.8

100
84.6

100
7.7

n/a

n/a

100

100
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8.6 Summary
Studies were conducted to increase knowledge of the behaviour of rust mites (Calepitrimerus
vitis) on grapevines as a basis for the development of more successful control measures.
Most mites over-wintered in the bark of cordons instead of in buds, as was previously
assumed. The spring movement of mites, from winter shelters to new shoots, coincided with
the woolly bud stage of Chardonnay grapevines. At this time, the mites were most vulnerable
to sprays. The summer and autumn movement of mites, from vine foliage to winter shelters,
started in early February and proceeded over a more extended period. When high numbers of
over-wintering mites were not successfully controlled, they caused leaf distortion and
restricted shoot growth in spring and a reduction in vine yield. Leaf distortion and restricted
shoot growth are components of the syndrome of RSG, previously associated with other
causes, excluding rust mites. In summer and early autumn, bronzing of vine foliage was the
result of rust mite feeding damage accumulated over the growing season. High mite
infestations on leaves in late summer did not affect the rate of ripening of grapes. Bronzing
over at least half of the vine canopy across a block of vines in late summer was an indication
of the need to spray for rust mite control before bud burst in the following season.
Preliminary studies of bud mites (Colomerus vitis) on grapevines indicated that clustered
infestations were responsible for the winter bud necrosis and bud burst failure components of
RSG, and distorted shoot growth in spring.
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Figure 1a. Summer bronzing of leaves of Cabernet Sauvignon caused by grapevine rust mites
(Bernard et al. 2001).
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Figure 1b. Distribution of rust mites over-wintering inside buds of Cane A.
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Figure 1b (continued). Distribution of rust mites over-wintering inside buds of Canes B-D.
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Figure 1b (continued). Distribution of rust mites over-wintering inside buds of Canes E.

Figure 2. Leaf crinkling caused by grapevine rust mites at the five separated leaf stage in
Chardonnay.

Figure 3. Reduced shoot growth caused by grapevine rust mite at the five separated leaf
stage in Cabernet Sauvignon.
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Figure. 4a-b. Symptoms of rust mite
damage in Chardonnay shoots at the 16
separated leaf stage.
At the five
separated leaf stage, these shoots had
severe leaf crinkling and reduced
growth.

Figure 5. Absence of RSG and leaf
crinkling in shoots on a spur taped at its
base with a sticky trap (Tesa 4959). The
trap trapped all rust mites and prevented
their migration from winter shelters onto
the shoots.
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% canopy effected

Figure 6. Restricted shoot growth caused by rust mite in an untreated control panel of vines at
flowering. The adjoining panel of vines (right) was sprayed for rust mite control at the
woolly bud stage and shows no reduction in shoot growth.
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Figure 7. The impact of a wettable sulphur and canola oil spray on leaf distortion in
Chardonnay caused by rust mites. The leaf distortion was scored at the five to eight separated
leaf stage (E-L 12-15) and the spray was applied at the onset of rust mite migration at the
woolly bud stage (E-L 3).
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9. Effects of sulphur and other fungicides on populations of pest and
predatory mites
Martina Bernard, Pamela Hurst, Paul Horne, DeAnn Glenn and Ary Hoffmann
9.1. Abstract
Sprays for the control of grapevine rust mites (Calepitrimerus vitis) were evaluated over three
years alongside studies of mite over-wintering habits and mite migration, feeding and egg lay
patterns (Chapter 8). Rust mite populations were controlled by a high volume spray of
wettable sulphur and canola oil applied at the mid-late woolly bud stage of Chardonnay vines
and the bud swell to mid-late woolly bud stage of Cabernet Sauvignon vines, when the
temperature was at least 15°C. The spray was applied to coincide with the spring migration
of rust mites on these grapevine varieties. The severity of leaf crinkling caused by rust mites
on vine shoots in spring, a symptom of the syndrome known as “restricted spring growth”
(RSG, Chapter 8), was reduced by 61% (from 65% to 4%) on Chardonnay vines hand sprayed
to the point of run off with wettable sulphur (0.66% Top Wettable Sulphur or Thiovit) and
canola oil (2.02 % Supastik) at 900L/ha. Lower reductions of 51% and 32% in the severity
of leaf crinkling were recorded on vines sprayed with sulphur (0.66% Top Wettable Sulphur
or Thiovit) alone at 900L/ha, and a mixture of sulphur (0.9% Top Wettable Sulphur or
Thiovit) and canola oil (2.02% Supastik) at 500L/ha, respectively. Sprays applied with a
commercial turbomiser sprayer at 500L/ha were not sufficient to saturate the thick bark in the
crown of vines where many mites over-wintered. More leaf damage occurred on shoots at the
junctions of cordons of vines sprayed at 500L/ha than on shoots on cordons of vines sprayed
at 900L/ha. Better targeting of cordons and spurs with a lower volume of spray was achieved
in early spring with a commercial boom sprayer than with the turbomiser sprayer. The
addition of canola oil to sprays of wettable sulphur increased efficacy by 15-20%. However,
the sulphur and canola oil spray could not be applied after the late woolly bud stage. When
the spray was applied at bud burst, at the leaf tip rosette stage or when shoots had four
separated leaves, it caused severe phytotoxicity on emerging green tissue and damaged next
season’s bud primordia. Sprays of canola oil were less phytotoxic than sprays with mixtures
of sulphur and canola oil applied at the same phenological stage. To avoid phytotoxicity just
after bud burst, a high volume spray of wettable sulphur at the label rate for mite control,
could be used if a spray of sulphur and canola oil could not be applied at the woolly bud stage
because of rain, temperatures below 15°C and/or the rapid onset of bud burst.
In preliminary studies of the control of bud mites (Colomerus vitis), applications of lime
sulphur at the woolly bud stage did not provide adequate control. This highlighted the need
for alternative control strategies.
A laboratory bioassay was developed for testing the effects of pesticides on Euseius
victoriensis, an important predator of rust and bud mites. The test allowed standardised
comparisons between mite species and leaf substrates under ‘worst case scenario’ pesticide
exposures, comparable to those created during commercial pesticide applications. The
standardised test on leaf substrates provided an alternative to the test of pesticide residues on
glass used for regulation by the IOBC/WPRS in the European Union (EU). The new bioassay
met and exceeded the eco-toxicological standard required for EU pesticide registration. On
the basis of bioassays, boscalid (Filan 500 WG), dithianon (Delan 700 WG) and kresoximmethyl (Stroby 100 WG) were classified as harmless to E. victoriensis on detached bean
leaves because they did not cause significant seven day (d) mortalities or reductions in
fecundity. In contrast, mancozeb (Mancozeb 750 WG) and metiram (Polyram 700 WG)
were classified as highly toxic because they caused high seven d mortalities and reductions in
fecundity. The latter fungicides are considered to be incompatible with IPM programs that
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use E. victoriensis because their secondary action can decimate natural populations of these
mite predators and, as a result, promote outbreaks of rust mites. Removal of these sprays
from seasonal spray programs may, over time, allow grape growers to eliminate all sprays for
the control of rust mites from spray programs without sustaining RSG and yield losses caused
by the mites. The results of these studies highlight the need for an integrated pest
management (IPM) approach to the control of Eriophyoid mites on grapevines.
Publications on this R&D: Bernard et al. 2000; Bernard et al. 2001; Bernard et al. 2002.
9.2 Introduction
Rust mites (Calepitrimerus vitis) (Nalepa) feed on the upper and lower surface of grapevine
leaves from spring to late summer. Their feeding can cause bronzing of vine foliage in late
summer. The mites spend the winter under the bark of cordons, under the bark of the trunk
near the crown of vines and, to a much lesser extent, under the outer scales of dormant buds
(Chapter 8). Some buds at the lower nodes of canes can become heavily infested if leaf
bronzing has been severe in the previous autumn. Rust mites reach their winter shelters by
migrating down canes from infested leaves in late summer while the weather is still hot.
Leaf distortion or crinkling and shortening of growing shoots are the most obvious symptoms
of rust mite damage from just after bud burst until shoots have five to eight separated leaves
(E-L 12-15). Small (< 1 mm) chlorotic spots, which later develop necrotic centres, may also
appear on crinkled leaves. As vines grow, affected shoots and leaves progressively recover
and damage is less visible. However, residual signs of severe damage that occurred in early
spring may persist on mature leaves throughout the growing season. Leaf crinkling may also
occur in young leaves at the tips of shoots throughout the growing season if rust mite
infestations continue.
Bud mites (Colomerus vitis) (Pagenstecher) live, breed and feed within buds for most of their
lives. Adults spend the winter in dormant buds and move into new and developing buds as
new shoots start to grow just after bud burst. Production of eggs begins around bud burst.
Within a month of bud burst, most bud mites have moved into newly formed buds and are
inaccessible to sprays. Once protected inside new buds, the population grows rapidly. The
mites are enclosed as the buds develop around them. Feeding on tissues of bud scales and
tissues destined to become leaves, bunches, and the apical meristem of next season’s shoots
occurs throughout the growing season. This feeding can cause major damage to primordial
tissues and result in bud death (Chapter 8).
Feeding by bud mites within buds can cause ‘bubbling’ or wart-like growths in the plant
tissue, which are difficult to see with the naked eye. The amount of shoot damage that is
apparent in spring depends on the level of infestation of new buds during the previous season.
When numbers of mites are low, bud mites affect only the outermost scales of buds and the
shoots that develop may not have visible signs of damage (Chapter 8). These shoots may
have only slight ‘bubbling’ of tissues at their base, or zig-zag growth with shortened basal
internodes. As the number of mites increases, severe damage to leaf and bunch primordia
within the bud occurs. Shoots that develop from these buds may have distorted basal leaves,
shortened basal internodes and more extensive ‘bubbling’ of basal tissues. Often thin shoots
with only two nodes and a dead apical meristem develop. Where the bunch primordia were
attacked, bunches are deformed or absent. When infestations are severe, buds fail to burst
because their apical meristems are dead.
Rust and bud mites can cause substantial damage to grapevines. When the project
commenced, little information was available on the control of these mites in Australia, and on
the effectiveness of control measures commonly used by grape growers. As a result, research
was undertaken to improve the management of these mites in vineyards. Just after the project
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commenced, it was apparent that rust mite damage had been misdiagnosed and grossly
underestimated. Subsequently, most work on the project was focussed on the control of this
mite. Studies of the control of bud mites were mostly confined to the evaluation of sprays
commonly used by grape growers (ie. lime sulphur sprays applied at the advanced woolly bud
stage of grapevines).
9.3 Research objectives
This chapter reports studies to determine the effects of sulphur and other fungicides on
populations of pest and predatory mites in vineyards. As the research progressed, activities
were undertaken to address the following, more specific objectives to:
(1) Develop sulphur and canola oil treatments for the optimal control of grapevine rust mites
that (a) minimise over-wintering populations of mites, and (b) cause minimal disruption to
natural mite predation in vineyards.
(2) Determine the timing of treatments for optimum control of mites in relation to different
grapevine varieties and viticultural regions.
(3) Examine the phytotoxicity of sulphur and canola oil sprays on young grapevine foliage
after bud burst.
(4) Investigate the secondary effects of some widely used fungicide sprays on naturally
occurring predators of rust mites in vineyards.
(5) Examine the efficacy of sprays of lime sulphur for the control of grapevine bud mites.
9.4 Methods
Effects of sulphur and canola oil treatments on rust mites
Trial sites
Field trials to determine the timing, volume and efficacy of sprays of wettable sulphur and/or
canola oil for the control of rust mites were conducted in commercial vineyards in the Yarra
Valley Vic. on Chardonnay vines in spring 1999 (Field Trial 1), and on Chardonnay and
Cabernet Sauvignon vines (side by side) in spring 2000 (Field Trial 2). All blocks of vines
used in the trials had severely bronzed foliage in the previous autumn. Field Trial 2 was
conducted to develop optimum recommendations for rust mite control on an early bud
bursting variety (Chardonnay) and a late bud-bursting variety (Cabernet Sauvignon). Spray
recommendations for other varieties with bud burst dates falling between these two extremes
were inferred from the trial results. Two additional field trials were conducted in commercial
vineyards in the Adelaide Hills SA on vines of Cabernet Sauvignon (Field Trial 3) and
Sauvignon Blanc (Field Trial 4) in spring 2001.
Experimental design
A row randomised design with three to five replicates per treatment and eight vines per
replicate was used in Field Trials 1 and 2. A replicated paired plot design was used in Field
Trials 3 and 4.
Treatments
The chemical treatments applied in the trials were wettable sulphur (Top Wettable Sulphur,
800g/kg sulphur, Bayer CropScience, Hawthorn East Vic. or Thiovit, 800g/kg sulphur,
Syngenta Crop Protection, Pendle Hill NSW) alone or in combination with canola oil
(Supastik, AgriChem Australia, Loganholme Qld) at the application rates shown in Figures 1
and 3. Treatments in Field Trials 1 and 2 were applied to the point of run off at 900L/ha with
a knapsack sprayer. The rate of application of chemical product was 0.66% wettable sulphur
and/or 2.02% canola oil when the spray volume was 900L/ha. [This was equivalent to 0.6%
wettable sulphur (eg. Top Wettable Sulphur or Thiovit at 600g/100L or 6kg/ha) and/or 2%
canola oil (eg. Supastik at 2L/100L or 20L/ha) when a ‘dilute’ spray volume of 1000L/ha
was applied]. ‘Untreated’ (control) vines were sprayed with water. The temperature at the
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time of spray application and for at least two hours after the sprays were applied was above
15oC.
Remaining blocks of vines in the vineyard with Field Trial 2 were sprayed with sulphur and
canola oil at the woolly bud stage by vineyard staff using a commercial turbomiser sprayer.
This spray was applied at 600L/ha, which was below the point of run off. Nevertheless, it
provided an indication of the effectiveness of the treatment on a commercial scale. When
routine sulphur treatments were applied for powdery mildew control during the season, all
treated and untreated plots in the trial were covered with plastic for two to three hours to
ensure that no other sulphur treatments apart from those being tested were applied to vines in
the trial.
Treatments in Field Trials 3 and 4 were applied to the point of run off at 900L/ha with a
commercial turbomiser sprayer.
Assessments of rust mite damage
Damage caused by rust mites on new leaves and shoots on vines with or without treatments in
spring 1999 was assessed as described in Chapter 8.
Statistical analyses
For the comparison of chemical treatments, means of replicates of each treatment were
compared using two-way analysis of variance (ANOVA) followed by Tukey b post hoc tests
(Sokal and Rohlf 1995; SPSS 2002). Spray volume results were analysed using contingency
tests. The statistics of each test are reported either in the text, in the tables of results or
following each graph in the Figures.
Phytotoxicity of wettable sulphur and/or canola oil
Trial design and treatments
A field trial to examine the phytotoxicity of treatments for the control of rust mites was
conducted on five-year old Chardonnay vines in a commercial vineyard in the Yarra Valley
Vic. in spring 2000. Vines without a history of rust mite damage (ie. bronzing of foliage in
the previous autumn) were selected for the trial. This was done to ensure that damage to
shoots caused by rust mites in spring did not confound the assessment of symptoms of
phytotoxicity. Five treatments (Table 1) were applied to plots with two vines, replicated four
times in a row-randomised design. Three panels, each with four vines, separated each
treatment in a row. Three vine rows separated each row containing treatments. Vine spacing
was 1.8 m along rows and 3.4 m between rows. The length of each panel (four vines) was 7.3
m.
All chemical treatments were sprayed onto vines to the point of run off (at 900L/ha) with a
knapsack sprayer. No other wettable sulphur and/or oil sprays were applied to vines in the
trial. The temperature at the time of spray application and for at least two hours after spray
application was 15 °C or more.
Assessments of phytotoxicity
The phenological stage of vine growth (buds and shoots) was expected to be a major
determinant of treatment phytotoxicity. However, this was complicated by an uneven bud
burst. To overcome this problem, the following measures were taken. As apical dominance
exerts an effect on the level of bud development, the proportion of spurs pruned to three
nodes was quantified. This was 90.3 ± 2.6% spurs (n = 25). Then, the phenological stage of
buds at nodes one, two and three was assessed on the day of spray application (6 September
2000). Twenty-five buds per node position, for nodes one, two and three were randomly
selected across a row transect and the phenological stage of each bud was assessed. Buds at
node one that had not burst were excluded from the assessments because previous studies had
shown that sprays before bud burst had no phytotoxic effect on vine growth after bud burst.
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The phenological stage when the second spray was applied (20 September 2000) was
determined by assessing all shoots on vines in each untreated (control) plot. In total, 173
shoots were assessed and the average phenological stage per plot was computed (Table 1).
The effects of the spray treatments were assessed twice. Only the final assessment (on 1-2
November 2000), six and eight weeks after spray application, is presented in this report.
Damage to leaves was scored on a 0-4 scale. The assessment scale was as follows: 0 = no
damage; 1 = < 1/3 of the leaf area damaged; 2 = approximately 1/2 of the leaf area damaged; 3
= all of the leaf area damaged but leaves not completely burned; 4 = leaves completely burned
resulting in defoliation. Photographs were taken to document each level of damage and
average levels of damage caused by each treatment. Additional parameters assessed six and
eight weeks after spray application included phenological stage, shoot length and the number
of next season’s bud primodia with scorched outer scales. The phenological development of
vine buds was assessed according to the Eichhorn-Lorenz (E-L) scale (Coombe 1988 and
1995; Lorenz et al. 1995).

Table 1. Spray treatments applied to Chardonnay vines to test the phytotoxicity of
wettable sulphur and canola oil or canola oil alone on young foliage at, and just after
bud burst in spring 2000.
Treatments

1 Wettable
sulphur 0.66%
®
+ Supastik 2%

Application
date
6 Sep 00

2 Supastik® 2%
3 Wettable
sulphur 0.66%
+ Supastik® 2%
4 Supastik® 2%
5 Untreated

20 Sep 00

Final
Temperature (°C) at the Initial
assessment assessment
time of spray
date
date.
application
16-19.5
24 Sep 00 1-2 Nov 00
Phenological stages per node
(n=25 randomly selected
buds per node)
Node 3
88% at rosette of leaf tips,
12% at bud burst.
Node 2
72% at bud burst, 28% at
woolly bud.
Node 1
12% bud burst, 44% bud
swell, 44% woolly bud.
Phenological stage: average
19-21.0
8 Oct 00 1-2 Nov 00
per replicate (n=173 shoots
sampled)
5.2 ± 1.9% buds burst,
14.5 ± 1.8% buds at rosette
24 Sep 00 1-2 Nov 00
of leaf tips,
and
42.2 ± 5.8% shoots with one
8 Oct 00
to two leaves separated,
38.2 ± 9.2% shoots with
three to four leaves separated
Phenological stage

Statistical analyses
The replicate means of each parameter of phytotoxicity were submitted to one way ANOVA
tests followed by Tukey b post hoc tests to compare treatments. This was done for all
variables including phenological stage six and eight weeks after spray application, shoot
length, the number of next season’s bud primordia with scorched outer scales, and leaf
damage. Leaf damage scores for treatments were compared using two measurements, the
mean damage score per replicate and the mean proportion of leaves per shoot with at least
half of the surface area scorched (ie. a damage score ≥ 2 per replicate). Comparisons between
treatments based on these parameters were performed separately for different phenological
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stages of shoots (ie. at 77% bud burst: node 2 data and at 88% rosette of leaf tips: node 3
data). A within-treatment comparison of data (ie. at 77% bud burst: node 2 and at 88%
rosette of leaf tips: node 3) was performed for sprays applied on 6 September 2000 to
determine if the level of damage caused by each treatment varied with bud development at
and just after bud burst. This was done because bud burst is the time when canola oil
phytotoxicity is most relevant in practice. Analyses of results at the final assessment date (six
and eight weeks after spray application) are reported in this chapter. In some cases, analyses
of acute phytotoxicity, scored 18 days after spray application, are also reported.
Analyses of the mean damage score and the mean proportion of leaves per shoot with half or
more of their surface area scorched across all treatments gave the same results. Therefore,
only the latter measurement is given in all figures and statistical results in this report for ease
of interpretation.
The statistics of each test are reported either in the text, in the tables of results or following
each graph in the Figures.
Effects of lime sulphur on bud mites
Trial site and treatments
A field trial to examine the effects of lime sulphur on bud mites was conducted on Riesling
vines in a commercial vineyard in the Yarra Valley Vic. in spring 1999. The chemical
treatments studied in the trial were calcium polysulphide (Lime Sulphur® Fungicide
Insecticide, 200g/L calcium polysulphide, Stoller Australia, Henley Beach SA) and wettable
sulphur (Top Wettable Sulphur®). These were applied at the application rates and dates
shown in Table 2. All sprays were thoroughly applied to the point of run off. The Lime
Sulphur® (lime sulphur) spray was applied with a knapsack sprayer. The wettable sulphur
sprays were applied with a commercial Hardy Maxi sprayer with two nozzles on each side of
vines directed onto vine cordons. Sprays on 6 September 1999 were applied when vines were
at the advanced woolly bud stage. Untreated (control) vines and vines treated with lime
sulphur were covered with plastic when the vineyard manager applied the sprays of wettable
sulphur.

Table 2. Treatments applied for the control of bud mites on Riesling vines in the Yarra
Valley Vic. in spring 1999.
Treatment

Application rate
(g/100L or L/100L)

Lime Sulphur®
TopWettable Sulphur®*
Untreated

10L (10% dilution)
800g
-

Application date
6 September 1999
+
+
-

20 September 1999
+
-

* Top Wettable Sulphur® treatment applied with a copper fungicide by the vineyard manager

Experimental design
Treatments were replicated four times in a randomised block design. Each replicate plot
consisted of six rows, each with eight panels of four vines. The fourth panel (with four vines)
in each even numbered row was randomly assigned a treatment.
Assessments
Two samples, each with eight buds, were collected from each of the 12 panels of vines with
assigned treatments before sprays were applied on 6 September 1999. The position of the
buds to be collected from each vine was chosen prior to sampling to prevent collector bias.
For example, for sample one, the buds removed from each vine in the panel were the second
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clear bud from the second spur from the base on the upper left cordon and the first clear bud
from the third spur from the base on the lower right cordon.
To assess the effects of the spray of lime sulphur, two samples, each with eight buds, were
collected on 15 September 1999 from panels of vines that were treated with lime sulphur or
untreated. To examine the effects of the sprays of wettable sulphur applied by the vineyard
manager, two samples of eight shoots (trimmed above node 4) were collected from panels of
vines that were treated with wettable sulphur or untreated. Samples from two replicates were
collected on 4 November 1999 and samples from the other two replicates were collected on 9
November 1999. Each sample of eight buds or shoots was placed in a polyethylene bag in an
insulated container, transported to the laboratory and then stored at 4°C until dissection. All
buds or shoots were dissected within 15 days of collection.
The number of mites in each bud and the percentage of buds infested were determined. The
number of bud mite adults, nymphs and eggs in each bud was estimated by assigning counts
to the following categories: 0, 1-10, 11-50, and 51 or more. This was done for all samples
except for 13 of the 24 samples collected on 6 September 1999. The number of mites in these
13 samples were determined using a washing technique. For assessments of the effects of the
lime sulphur spray, buds were dissected as described in Chapter 8 in studies of mite
migration. When the effects of the wettable sulphur sprays were assessed, shoots on the vines
were well developed and number of mites per bud was estimated for the basal buds and buds
on new shoots up to the third node.
Statistical analyses
For the comparison of pesticide treatments, means of replicates of each treatment were
compared using two-way ANOVA tests followed by Tukey b post hoc tests. Spray volume
results were analysed using contingency tests. The statistics of each test are reported either in
the text, in the tables of results or following each graph in the Figures.
Effects of some fungicides on a key predator of rust and bud mites
Fungicide bioassays
A laboratory bioassay was developed for testing the effects of pesticides on Euseius
victoriensis (Womersley), an important predator of rust and bud mites. The test allowed
standardised comparisons between mite species and leaf substrates under ‘worst case
scenario’ pesticide exposures, comparable to those created during commercial pesticide
applications. The standardised test, conducted on detached leaves of Glycine max (soybean)
and Phaseolus vulgaris (French bean), met and exceeded the eco-toxicological standard for
tests on predatory mites required for pesticide registration in the European Union (EU). It
was, therefore, an alternative to the test of pesticide residues on glass used for regulation in
the EU.
Young mite juveniles in water, along with their initial food and entire water supply, were
sprayed onto leaves of French beans or soybeans in a Potter tower (Potter 1952). The sprays
of mites were applied to the point of run-off. After the sprays of mites had dried, sprays of
fungicides at concentrations equivalent to that applied to vines at the highest registered field
rate were applied to the leaves. The fungicide concentration applied to leaves of French
beans was adjusted so that the same dose was applied to leaves of soybeans, allowing for the
higher spray volume required to reach the point of run-off on soybean leaves. Cumulative
mortality was assessed at two, four and seven days (d) after spray application. Fecundity was
assessed seven d from the onset of egg lay.
The fungicides tested and their rates of application are shown in Table 3. These included
boscalid (Filan 500 WG, 500g/kg boscalid), dithianon (Delan 700 WG, 700g/kg dithianon),
kresoxim-methyl (Stroby 100 WG, 100g/kg kresoxim-methyl) and metiram (Polyram 700
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WG, 700g/kg metiram), all from BASF Australia, Baulkham Hills NSW, and mancozeb
(Mancozeb 750 WG, 750g/kg mancozeb) from Rohm and Hass, Philadelphia USA.

Table 3. Fungicide formulations and dose rates tested for their effects on the mite
predator, E. victoriensis (wet spray deposit of 7.51 r 0.09 mg/cm2) in bioassays on leaves
of French bean and soybean.
Common name of active
constituent
(chemical class)
boscalid
(oxathiin)
dithianon
(quinone)
kresoxim-methyl
(strobilurin)
mancozeb
(ethylene(bis)
dithiocarbamate)
metiram
(ethylene(bis)
dithiocarbamate)

Product or formulation
name

Label rate
(g/100L)

Filan 500 WG*

Product
concentration
(g/L)
0.712

Delan 700 WG*

0.594

100

Stroby 100 WG*

0.059

10

Mancozeb 750 WG**

1.187

200

Polyram 700 WG*

1.187

200

120

*BASF Australia, Baulkham Hills, NSW.
** Rohm and Haas, Philadelphia, USA.

Statistical analyses
Mite mortality proportions were angle (arcsin) transformed. Analyses of variance were used
to compare treatments and Tukey b post hoc tests were used to determine differences between
treatments. Means and 95% confidence intervals were back-transformed and tabulated. For
fecundity, the mean numbers of eggs per female per replicate were calculated after Bluemel et
al. (2000b). The formula was slightly modified to:
Rx= [(nE3d + nE4d)/nF4d] + [(nE5d + nE6d+ nE7d)/(nF4d + nF7d)/2] + [(nE8d + nE9d)/nF7d]
where: Rx = reproduction per female in a treatment, replicate x;
nEyd = eggs and larvae on y days after spraying;
nFyd = live females on y days after spraying.
Fecundity means were analysed by univariate ANOVA tests and Tukey b post hoc tests. The
percent reduction in fecundity relative to the untreated control was calculated as (1-Rtreatment
/Rcontrol) *100.

9.5 Results and discussion
Effects of sulphur and canola oil treatments on rust mites
Spray application requirements for optimum control of rust mites
Temperature. The temperature must reach at least 15°C at the time of spray application and
for a few hours after spray application to use the vapour action of wettable sulphur (Baur
1999). The vapour activity of sulphur appears to be required for the successful control of rust
mites before bud burst because many of the mites are still hidden in their winter shelters.
Spray volume. Low volume sprays (≤ 500 L/ha) of wettable sulphur or wettable sulphur and
canola oil did not prevent damage caused by rust mites (ie. crinkling or distortion of leaves
and reductions in shoot growth). This occurred even when the concentration of sulphur was
increased to 0.9% to compensate for the low spray volume. However, high volume sprays (≥
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900L/ha) that were applied to thoroughly wet the thickest bark of the cordons and crowns of
mature vines substantially reduced rust mite damage (Figure 1). These sprays were effective
because more than 85% of the rust mites over-wintered in the bark of vines instead of in the
buds of spurs (Bernard et al. 2000). When wettable sulphur and canola oil was applied at the
lower spray volume (600L/ha), significantly higher levels of severe damage occurred on
treated vines than on vines sprayed at 900 L/ha with a lower concentration (0.66%) of
wettable sulphur (Contingency test, G = 38.43, P = 0.001, df = 2) (Figure 3). The damage
was most prevalent on shoots originating at or near the crown of vines. In studies not
reported here, better targeting of cordons and spurs with a lower volume of spray was
achieved in early spring with a commercial boom sprayer than with the turbomiser sprayer.
Spray timing for different vine varieties and regions
Precise spray timing was required to achieve a substantial reduction in rust mite damage in
spring. Our results showed that sprays must be timed at the onset of migration when the
mites become exposed and before the mites start feeding, causing damage and laying eggs.
This time coincided with Chardonnay woolly bud stage in the Yarra, Diamond and King
Valleys and at Gembrook in Victoria. Hence, for the early bud bursting variety, Chardonnay,
the spray window is only during the few days when vines are at the woolly bud stage and
when maximum daily temperatures reach at least 15°C.
Rust mites infesting Cabernet Sauvignon, the latest bud bursting variety, also started
migrating at Chardonnay woolly bud. At that stage, the Cabernet Sauvignon vines were still
at bud swell, about 10-14 days before they reached woolly bud. However, wettable sulphur
and canola oil sprays applied at the Cabernet Sauvignon bud swell or Cabernet Sauvignon
woolly bud stages provided similar reductions in damage caused by rust mites (Figure 2).
Therefore, the spray window for Cabernet Sauvignon was wider and covered the period from
the bud swell to woolly bud stages provided that temperatures reached at least 15°C.
However, Cabernet Sauvignon vines should be sprayed before late woolly bud because the
dense bud hairs that prevent the entry of rust mites, start to separate at the late woolly bud
stage. This allows entry and feeding by thousands of rust mites that have, by then,
accumulated on bud hairs and around the base of buds. As stages of bud development of
most other vine varieties fall between Chardonnay and Cabernet Sauvignon, the spray
window for these varieties is likely to be from Chardonnay woolly bud to the woolly bud
stage of each of these varieties, on the basis of these data.
This research on spray timing is based on two years of data from the Yarra, Diamond, and
King Valleys and from Gembrook Vic. In the absence of data on the biology of rust mites
from other regions, we suggest that the above results may provide guidelines for other
regions. However, further validation in other regions is required.
Sulphur and canola oil spray options
A high volume wettable sulphur and canola oil spray just before bud burst (as described
above) repeatedly provided the greatest reduction in damage caused by rust mites and was the
best spray option. Severe distortion of the first four leaves on shoots was significantly lower
on vines treated with sulphur and canola oil (1.3 ± 0.8%) than on vines treated with wettable
sulphur (13.4 ± 2.9%) or canola oil (12.0 ± 2.2%) (Figure 3). Incidence of severe leaf
distortion was significantly lower on vines with either of the three treatments than on
untreated (control) vines (79.1 ± 4.0%). Hence, any of the three treatments could be used to
successfully control rust mites in spring.
When the
knapsack
incidence
However,

volume of the wettable sulphur and canola oil spray of 900L/ha (applied with the
sprayer) was reduced to 600L/ha (applied with the turbomiser sprayer), the
of severe leaf distortion increased significantly (to 21.5 ± 2.9%) (Figure 3).
this incidence was not significantly different to that observed when sulphur or
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canola oil was applied at 900 L/ha. Clearly, growers can choose from four comparable prebud burst treatments, depending on their willingness to tolerate marginal rust mite damage
(Figure 3). In all of our experiments, the addition of canola oil consistently improved the
efficacy of sulphur by 15-20%. Where rust mite infestations were severe, the spray was
estimated to prevent yield losses of approximately 10% (Bernard et al 2000).
Other studies have indicated that an increase in the rate of wettable sulphur beyond 0.66%
(equivalent to 600g/100L or 6kg/ha when a dilute spray volume of 1000L/ha is applied) in the
pre-bud burst spray did not improve rust mite control (Herrmann and Hoffmann 1995).
In our studies, sprays of wettable sulphur at twice the recommended rate (600g/100L) in late
summer (early February) and after harvest (mid April) did not reduce over-wintering
populations of rust mites. This result is based on assessments of the second and tenth clear
buds of canes. Of the mite winter shelters studied (ie. clear buds 1-15 on canes, the bases of
canes, and two to four year old cordons), at least 80% of mites sheltered on the cordons and at
the bases of canes instead of in buds. Sprays of wettable sulphur applied at 2kg/ha in a
volume of 500L/ha five weeks after bud-burst, did not significantly reduce rust mite
populations. If a spray of sulphur and canola oil could not be applied at the woolly bud stage
because of rain, temperatures below 15°C and/or the rapid onset of bud burst, an alternative
treatment could be a high volume spray of wettable sulphur at the label rate for mite and
powdery mildew control as soon as possible, just after bud burst.
Phytotoxicity of wettable sulphur and canola oil
Phytotoxicity on leaves
Sprays of wettable sulphur (0.66% Top Wettable Sulphur) and canola oil (2% Supastik)
caused phytotoxicity on unfolding leaf tissue at 72% bud burst, at the 88% rosette of leaf tips
stage, and when 80.4 ± 3.5% of shoots had one to four separated leaves (Figure 4). The
chemicals appeared to be more toxic as the leaf tissue unfolded, even though the damage
caused at 72% bud burst (on 21.4% of leaves) and at 88% rosette of leaf tips (on 35.3 ± 5.1%
of leaves) was not significantly different (ANOVA F(1,6) = 1.67, NS). However, both levels of
damage were significantly higher than those observed on the same stages of growth on
untreated vines [ANOVA (72% bud burst, node 2): F(2,9) = 19.2, P = 0.0006, Tukey b:
treatments 1, 2, 5: 5 - 0.14a, 2 - 3.18a, 1 - 7.82b; ANOVA (after bud burst, node 3) F(4,15) =
131.1, P = 1.6 x 10-11, Tukey b: treatments 1, 2, 3, 4, 5: 5 - 0.0a, 2 - 5.9b, 1 - 11.8c, 4 - 17.4d,
3 - 27.3e. Means designated ‘a’, ‘b’, ‘c’, ‘d’ or ‘e’ were significantly different from each
other].
When canola oil was used alone, levels of phytotoxicity on leaf tissue were significantly
higher than on untreated vines only when sprays were applied at 88% rosette of leaf tips and
at growth stages thereafter (ie. this did not occur at 72% bud burst). However, canola oil
applied at 72% bud burst caused some damage (8.1 ± 3.2%) that was still evident even after
six to eight weeks (Figure 5). Generally, the canola oil sprays were less phytotoxic to leaf
tissue than the wettable sulphur and canola oil mixtures when they were applied at the same
time and at the same phenological stage. At 72% bud burst, the wettable sulphur and canola
oil spray damage to leaves (21.4 ± 2.6%) was significantly greater than that caused by canola
oil alone (8.1 ± 3.2%) [ANOVA (72% bud burst, node 2): F(2,9) = 19.2, P = 0.0006, Tukey b:
treatments 1, 2, 5: 5 - 0.14a, 2 - 3.18a, 1 - 7.82b]. Leaf damage caused by canola oil at the 88
% rosette of leaf tips stage and when 80% shoots had one to four separated leaves was
significantly less (reductions of 18.3% and 24.2%, respectively) than that caused by the
sulphur and canola oil mixture (Figures 4 and 5) [ANOVA (after bud burst, node 3) F(4,15) =
131.1, P =1.6 x 10-11, Tukey b (treatments 1, 2, 3, 4, 5 (after bud burst, node 3): 5 - 0.0a, 2 5.9b, 1 - 11.8c, 4 - 17.4d, 3 - 27.3e where means designated ‘a’, ‘b’, ‘c’, ‘d’ or ‘e’ were
significantly different from each other]. Given that wettable sulphur is not normally
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phytotoxic when applied at temperatures below 28°C, these data suggest that canola oil and
wettable sulphur act in synergy to produce increased phytotoxicity.
Overall, as shoot growth progressed, more leaves were damaged by the canola oil and the
canola oil and sulphur sprays. The damage was greater with each progressive phenological
stage even though, for both sprays, the increase in leaf damage between 72% bud burst and
88% rosette of leaf tips was not different statistically (Figures 4 and 5) [ANOVA F(1,6) = 1.67,
NS; F(1,6) = 2.5, NS]. Figures 4 and 5 show the lasting phytotoxic effect (scored six to eight
weeks after spray application). In the case of the acute phytotoxic effect (scored 18 days after
spray application), this trend is even more severe. When shoots had three to four separated
leaves (18 days after spray application), 38.9 ± 2.9% of leaves had up to half of their leaf area
damaged and 11.9 ± 2.0% of leaves were completely damaged (Figure 6). This confirms that
the stage of bud development is a significant determinant of phytotoxicity of the oil and the oil
and sulphur mixture on grapevines.
Phytotoxicity on next season’s bud primordia
Higher numbers of next season’s bud primordia were scorched in buds on vines sprayed with
wettable sulphur and canola oil at 72% bud burst, 88% rosette of leaf tips or when 80% of
shoots had one to four separated leaves, compared to those in buds on untreated vines (Figure
7). Next season’s primordia in buds at the first four nodes (3.5 ± 0.2 nodes/shoot) were still
adversely affected six and eight weeks after sprays were applied to shoots with one to four
separated leaves. Next season’s bud primordia in buds at the first two nodes (2.2 ± 0.3
nodes/shoot) were affected similarly when the same spray was applied at bud burst (Figure 7)
[ANOVA (72% bud burst, node 2): F(2,9) = 7.37 , P = 0.0127, Tukey b: treatments 1, 2, 5: 5 1.03a, 2 - 1.46ab, 1 - 2.18b; ANOVA (after bud burst, node 3): F(4,15 ) = 14.9 , P = 4.22 x 10 –
5,
, Tukey b: treatments 1, 2, 3, 4, 5: 5 - 1.10a, 2 - 1.92ab, 4 - 2.72bc, 1 - 3.20c, 3 - 3.48c.
Means designated ‘a’, ‘b’ or ‘c’ were significantly different from each other]. Hence, the
damage to next season’s bud primordia in buds on shoots increased significantly as the shoots
developed [ANOVA F(1,6) = 14.59, P = 0.009].
As was the case with leaf tissue, the wettable sulphur and canola oil mixture was more
phytotoxic to next season’s bud primordia than canola oil alone. At 72% bud burst, the
damage caused by canola oil was not significantly different from that on the untreated control
[F(2,9) = 7.37 , P = 0.0127, Tukey b: treatments 1, 2, 5: 5 - 1.03a, 2 - 1.46ab, 1 - 2.18b where
means designated ‘a’ or ‘b’ are significantly different from each other]. However, the oil had
some phytotoxic effect at 72% bud burst, given that the result obtained is intermediate
between that of the control and that of the wettable sulphur and canola oil mixture (Figure 7).
From the 88% rosette of leaf tips stage, and thereafter, the damage caused by canola oil was
significantly greater than that on the control vines and was of the order of that caused by the
wettable sulphur and canola oil mixture applied at the same time [ANOVA (after bud burst,
node 3): F(4,15 ) = 14.9 , P = 4.22 x 10 –5,, Tukey b: treatments 1, 2, 3, 4, 5: 5 - 1.10a, 2 1.92ab, 4 - 2.72bc, 1 - 3.20c, 3 - 3.48c. Means designated ‘a’ or ‘c’ were significantly
different from each other]. The uniform background scorching of bud primordia evident in
the control (Figure 7) may have been caused by a cover spray of copper hydroxide applied by
vineyard staff up to eight weeks after the trial treatments were applied.
On spur pruned vines, bud primordia in buds at the first two to three nodes on shoots become
the replacement shoots in the next season. The application of wettable sulphur and canola oil
at bud burst may have a serious negative effect on the vigour and fruiting potential of next
season’s growth.
Phytotoxic effects on shoot length and phenological development
The phytotoxic effects of the wettable sulphur and canola oil sprays and the canola oil sprays
discussed above, exerted no lasting deleterious influence on the vigour of the new shoots
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measured six and eight weeks after spray application (1-2 November 2000). Neither spray
had any significant deleterious effect on shoot length when sprays were applied at 72% bud
burst, 88% rosette of leaf tips, or when 80% of shoots had one to four separated leaves
[ANOVA (node 3): F(4, 15) = 2.4, P = 0.1, Tukey b: treatments 1, 2, 3, 4, 5: 1 - 43.9a, 2 - 48.4a,
3 - 37.3a, 4 - 42.1a, 5 - 46.7a; ANOVA (node 2): F(2,9) = 0.16, P = 0.85, Tukey b: treatments
1, 2, 5: 1 - 43.2a, 2 - 45.6a, 5 - 45.6a. Means designated ‘a’ were not significantly different
from each other].
Similarly, there was no significant deleterious effect on shoot development when it was
measured six and eight weeks after spray application [ANOVA (node 3): F(4,15) = 1.35 , P =
0.3, Tukey b test: treatments 1, 2, 3, 4, 5: 1 - 10.6a, 2 - 11.3a, 3 - 10.9a, 4 - 11.2a, 5 - 10.7a;
ANOVA (node 2): F(2,9) = 0.42, P = 0.67, Tukey b test: treatments 1, 2, 5: 1 - 10.95a, 2 10.99a, 5 -10.58a. Means designated ‘a’ were not significantly different from each other].
These results indicate that sprays of sulphur and canola oil or canola oil alone should not be
applied from bud burst onwards because of their phytotoxic effects on leaf tissue and bud
primordia.
Effects of lime sulphur on bud mites
Infestations of bud mites in buds from untreated vines and vines treated with lime sulphur at
the late woolly bud stage are shown in Figure 8. Lime sulphur did not affect the number of
mites in buds. The numbers of shoots falling into each category of infestation did not differ
significantly in a contingency test. Hence, the strategy of applying lime sulphur at the
advanced woolly bud stage of vines for the control of bud mites appears to be ineffective and
further studies are required to develop alternative control strategies.
Effects of some fungicides on a key predator of rust and bud mites
In bioassays (Table 4), there was a significant difference in seven d cumulative mortalities of
E. victoriensis exposed to different fungicides [Comparison 1(10-58 h old), F = 46.80; df = 2,
9; P <0.001; Comparison 2 (22-70h old), F = 23.49; df = 4, 14; P <0.001]. In both
comparisons, exposure to mancozeb caused the highest mortality. Post hoc tests indicated
that the mortality of mites in the control (with no fungicide exposure) differed from the
mortality in the presence of mancozeb but not from mortalities in the presence of metiram,
dithianon, boscalid or kresoxim-methyl. Fungicides also differed in their sub-lethal effects on
fecundity [Comparison 1, F = 447.75; df = 1, 6; P <0.001; Comparison 2, F = 17.63; df = 4,
13; P <0.001]. Post hoc tests indicated that fecundity of the controls differed from that with
metiram and from that with mancozeb, but not from fecundities with dithianon, boscalid or
kresoxim-methyl (Table 4). Mancozeb and metiram substantially reduced fecundity.
Fecundity in adult females exposed to mancozeb in Comparison 1 was not analysed because
the four d mortality reached 97.7%. Mancozeb toxicity to E. victoriensis was evident early in
the period of exposure, in contrast the toxicity to G. occidentalis, another important predator.
Mortality for mancozeb was significantly higher than that for controls 48 h and four d after
spraying [Comparison 1, F= 97.39; df = 2, 9; P <0.001; F = 61.17; df = 2, 9; P <0.001;
Comparison 2, F = 28.80; df = 4, 14; P <0.001, F = 14.88; df = 4, 14; P <0.001]. Metiram
toxicity to E. victoriensis was, therefore, due to a sub-lethal effect on fecundity, while the
effect of mancozeb on E. victoriensis was due to both direct mortality and a sub-lethal effect.
Observations of mite dispersal, suggest that each of these chemicals may also have a repellent
effect.
On the basis of the bioassays above, boscalid, dithianon and kresoxim-methyl were classified
as harmless to E. victoriensis on detached bean leaves because they did not cause significant
seven d mortalities or reductions in fecundity. In contrast, mancozeb and metiram were
classified as highly toxic because they caused high seven d mortalities and reductions in
fecundity. The latter fungicides are considered to be incompatible with IPM programs that
use E. victoriensis because their secondary action can decimate natural populations of these
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mite predators and, as a result, promote outbreaks of rust mites. Removal of these sprays
from seasonal spray programs may, over time, allow grape growers to eliminate all sprays for
the control of rust mites from spray programs without sustaining RSG and yield losses caused
by the mites. The results of these studies highlight the need for an IPM approach to the
control of Eriophyoid mites on grapevines.

Table 4. Mean cumulative mortality (95% C.I.) and fecundity [mean ± standard error
(S.E.)], after juveniles of E. victoriensis with their initial food supply and their entire water
supply were sprayed to the point of run-off onto leaf substrates. [Means are based on 3-5
replicates].
Treatment

Percent
mortality 48 h
(95% C.I.)
E. victoriensis – Comparison 1
control
2.27a*
(0.00, 5.15)
metiram
9.05a
(3.60, 14.9)
mancozeb
82.3b
(74.3, 89.9)
E. victoriensis – Comparison 2
control
3.47a
(0.00, 7.06)
boscalid
1.39a
(0.00, 3.07)
dithianon
1.19a
(0.00, 2.63)
kresoxim1.04a
methyl
(0.00, 2.30)
mancozeb
50.9b
(41.0-76.6)

Percent
mortality 4 d
(95% C.I.)

Percent
mortality 7 d
(95% C.I.)

5.48a
(0.00, 12.6)
15.2a
(3.51, 28.1)
97.7b
(95.0, 99.5)

12.6a
(0.48, 26.5)
20.8a
(5.84, 36.8)
98.9b
(97.5, 99.7)

7.16a
(0.00, 11.4)
11.7a
(0.45, 24.7)
10.0a
(0.63, 20.6)
6.24a
(4.62, 7.90)
75.0b
(56.6, 91.4)

14.4a
(6.53, 22.8)
22.0a
(15.0, 29.2)
14.0a
(1.16, 28.1)
17.5a
(9.78, 25.5)
92.7b
(81.1, 100)

Reproduction per
female ± S.E. for 3-9 d
after spraying

Percent
fecundity
reduction

10.8 ± 0.41a

-

0.71 ± 0.23b

93.4

-

-

13.1 ± 0.30a

-

10.8 ± 1.18a

17.7

12.4 ± 1.42a

5.91

11.4 ± 0.57a

13.3

0.33 ± 0.27b

97.5

*Means within the same comparison and column, followed by a different letter, were significantly
different (P < 0.001; P < 0.05; Tukey b test).

9.6 Summary
Successful control of grapevine Eriophyoid mites is based on integrated knowledge of the
biology and management of pest mites and their predators. In relation to rust mite
(Calepitrimerus vitis) control, nearly all symptoms of RSG caused by rust mites (leaf
distortion and retarded shoot growth in spring) were prevented by the application of a high
volume spray of wettable sulphur and canola oil at the woolly bud stage of Chardonnay vines
or at the bud swell to woolly bud stage of Cabernet Sauvignon vines, when temperatures were
at least 15oC. The sprays were applied to the point of run-off to saturate the bark of vine
cordons and crowns where most rust mites over-wintered. In relation to bud mite (Colomerus
vitis) control, the application of a spray of lime sulphur at advanced woolly bud stage of vines
did not control bud mites. This highlights the need for alternative control strategies.
Bioassays indicated that some fungicide sprays used in vineyards, especially mancozeb and
metiram, are highly toxic to Euseius victoriensis, an important predator of rust and bud mites.
Excessive use of these sprays may promote mite outbreaks, especially of rust mites, because
secondary effects of the fungicides decimate natural populations of predators. Removal of
these sprays from seasonal spray programs may, over time, allow grape growers to eliminate
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all sprays specifically applied for the control of rust mites, without sustaining RSG and yield
losses caused by the mites.
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Figure 1. Levels of leaf distortion on Chardonnay vines sprayed with
Figure 1. Levels of leaf distortion associated with wettable sulphur
wettable sulphur or wettable sulphur and canola oil at late woolly bud
sprays applied at late woolly bud prior to mite emergence from winter
(E-L 3) prior to the emergence of rust mites from their winter shelters:
shelters; assessed 34 days after bud burst (E-L 12-14).
assessed 34 days after bud burst (E-L 12-14).
% normal leaves
% minor leaf distortion
% severe leaf distortion
Mean % of first four leaves of shoots

80
70
60
50
40
30
20
10
0
1: 0.66%Top
Wettable® /2.02%
Supastick® @
900l/ha

2: 0.66%Top
Wettable® @
900l/ha

3: 0.90%Top
Wettable® /2.02%
Supastick® @
500l/ha

4: Unsprayed

Treatment at late woolly bud (E-L 3)

% leaf canopy with spring rust mite damage

Figure 2. Levels of rust mite damage in Cabernet Sauvignon vines
sprayed with wettable sulphur (0.66%) and canola oil (Supastik 2%) at
Figure 2. Levels of rust mite damage in Cabernet Sauvignon vines
900L/ha: assessed when shoots had 5-6 separated leaves (E-L 12-13).
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Figure 7. Phytotoxicity of wettable sulphur (0.66%) and canola oil
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10. Development of species specific markers against Eriophyoid mites in
grapevines
Melissa Carew and Ary Hoffmann
10.1 Abstract
Bud mite and blister mite (currently considered to be two forms of Colomerus vitis) and rust mite
(Calepitrimerus vitis) were collected from sites in south eastern Australia. Genetic differentiation of
mite populations was investigated though the use of Restriction Fragment Length Polymorphism
(RFLP) of the Internal Transcribed Spacer (ITS) 1. ITS 1 genotypes revealed that bud mite and blister
mite represent two closely related but distinct species. Microsatellite markers were also developed
with the aim to undertake intensive genetic studies of bud mite and blister mite populations.
Preliminary analysis of microsatellite data indicated that blister mite populations may be haplodiploid
(possessing diploid females and haploid males). Genetic differentiation was high between populations
and low within populations. These findings indicate that separate control strategies are needed against
bud and blister mites as these appear to be separate species, and that limited dispersal in these mites
means that localized control strategies are likely to be effective.
Publications on this R&D: Bernard et al. 2002.

10.2 Introduction
The Eriophyoid mites are a highly morphological and biologically specialised group with many
economically important plant pest species. Previous studies have focused on examining the biology
and control of a limited number of mite species based entirely on observational data (Lindquist et al.
1996). To date no studies have applied molecular markers to gain insight into the genetic structure of
this group, a method that has proven useful in many species (Sunnucks 2001).

10.3 Background and previous research
Bud mite and blister mite (also known as erinose mite) are members of the Eriophyoid group and have
been recognized as pests of grapevine species, (Vitis vinifera) for years (Smith and Stafford 1948).
Although morphologically identical, they are considered to represent two forms of Colomerus vitis
based on the type of damage that they cause to grapevines. Bud mite damage includes distortion on
basal leaves, shortening of basal internode and extensive ‘bubbling’ of tissue around basal shoots.
High infestations may result in “witches broom” shoot growth, zig-zag shoots and, in severely affected
plants, the death of buds (Smith and Stafford 1948, Buchanan and Amos 1992, Bernard et al. 2000).
Blister mite damage differs to that of bud mite and involves the formation of hemispherical galls on
grapevine leaves. Plant hairs grow densely within the concave cavity of galls on the underside of the
leaves. These hairs are initially white but change to a reddish brown colour through the growing
season. High infestations can result in most of the leaves being galled and premature leaf drop (Smith
and Stafford 1948, Buchanan and Amos 1992). Although extensive damage may occur as a result of
bud mite and blister mite infestation, economic loss is thought to be limited to certain grapevine
varieties and to young vines when infestation levels are high (Buchanan and Amos 1992, Lindquist et
al. 1996).
The life cycles of bud mite and blister mite have been described by a number of workers (Smith and
Stafford 1948, Whitehead et al. 1978, Buchanan and Amos 1992, Bernard et al. 2000). In brief, adult
bud and blister mites reside in buds during winter, where they remain active and feed on the dormant
buds. Egg production begins prior to bud burst. The development from egg to adult can take two
weeks under favourable conditions, allowing numerous generations to occur each year (Buchanan and
Amos 1992). After bud burst, the behaviour of each type of mite differs. Bud mites move towards
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newly developing buds. As the population increases, mites invade deeper to feed on the developing
bud. The resulting damage to the bud becomes apparent in mid-summer to early autumn (Bernard et
al. 2000). In contrast, blister mites do not continue to feed on the buds past bud burst. Mites that have
penetrated inner leaf scales infest the developing shoot, while those on the outer scales affect leaves of
basal shoots. Blister mites feed on the underside of leaves resulting in characteristic gall formation.
The galls provide shelter for feeding mites. During autumn, mites migrate from galls back to buds for
the winter (Buchanan and Amos 1992). Males in these species have not been described. However,
males may be indistinguishable in appearance from females, which has been suggested generally for
gall mites (Lindquist et al. 1996).
Although the type of damage and control measures for bud mite and blister mite are well described in
the literature, there is a lack of information on biology and ecology of these species. How do these
mites reproduce? Do they represent two different strains of the same species or two different species?
What level of genetic diversity exists? What is the genetic relationship of mite colonies found within
and between vineyards? The use of DNA markers has been used to address such questions. For,
instance the Internal Transcribed Spacer (ITS) region has been used to examine variation among and
between species. Primers can be developed for amplification of DNA sequences in the highly
conserved regions among taxa that can be used to distinguish species even when there is little
knowledge of the DNA sequence (Hillis and Dixon 1991). However, in the past decade, microsatellite
markers have surpassed many other DNA marker systems by providing detailed insight into the
population structure at many levels. The main advantage with microsatellites is their relatively high
level of polymorphism (variation) and their co-dominant (hence Medelian) inheritance patterns
(Sunnucks 2001). The use of such DNA markers could offer insight into biology and ecology of bud
mites and blister mites that is necessary for the successful implementation of control strategies.

10.4 Research objectives
This chapter reports studies to:
(1) Develop a DNA marker system(s) that will
(a) determine the relationship between bud and blister mites (and rust mite), and
(b) enable detailed population genetic studies to be undertaken of these types of mites, and
(2) Use these markers to provide preliminary information to industry for the control of bud and blister
mite.

10.5 Methods
Samples
Samples of blister mites, bud mites (Colomerus vitis) and the closely related species, rust mites
(Calepitrimerus vitis) were collected over a field season in south eastern Australia. The sampling
regime encompassed mites taken from different geographical regions and included two intensive
sample events in which details of the spatial distribution of the mites were recorded (Table 1).

Table 1. Collection information for bud mite, blister mite and rust mite samples.
Vineyard/Region

State

Type

Long Gully (1)
Long Gully (2)
Wantirna Estate
King Valley
Mildura
Mont Albert
Edith County

Victoria
Victoria
Victoria
Victoria
Victoria
Victoria
Victoria

Rust mite
Bud mite
Bud mite
Bud mite/ Rust mite
Blister mite
Blister mite
Blister mite
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Type of survey
used for:
Geographical
Intensive
Geographical
Geographical
Geographical
Geographical
Intensive

Vineyard/Region

State

Type

Mount Mary
Charles Sturt
University
Tumbarumba

Victoria
New South
Wales
New South
Wales
South Australia
South Australia
Tasmania

Rust mite
Blister mite

Type of survey
used for:
Geographical
Geographical

Rust mite

Geographical

Rust mite
Bud mite/ Rust mite
Bud mite

Geographical
Geographical
Geographical

Kuiplo Vineyard
Eden Valley
Domaine A. Stoney

DNA extraction from mites
A variation of the Chelex ® protocol (Walsh et al. 1991) was used to extract DNA for Polymerase
Chain Reactions (PCR).
Mites were placed into 0.5 mL-microcentrifuge tubes with buffer and spun at 14,000 rpm for 5 min.
Tubes were placed on ice and 5 /RISURWHLQDVH.ZDVDGGHG0LWHVZHUHFUXVKHGXVLQJDFOHDQ.5
mL pestle and 100 / RI  Chelex® solution was added. The pestle was removed and the tubes
were incubated at 55ºC for ½ -1h followed by 100ºC for 8 min. Extractions were stored at -20ºC until
required.
Prior to PCR, extraction samples were spun at 14,000 rpm for 2 min. The supernatant was recovered
from just above the Chelex ® resin and was then used in PCR amplifications.
ITS 1 PCR
Amplifications of Internal Transcribed Spacer (ITS) 1 were made using the primer 18s and 5.8s rev
(Navajas et al. 1998). PCR reactions were carried out in 25 µL volumes, with 5 µL of template DNA,
250 µM dNTPs, 1.5 mM MgCl2 , 0.5 µM 18s, 0.5 µM 5.8s rev , 1 x PCR buffer and 0.5 units of Taq
polymerase (Gibco BRL). PCRs were completed in an Applied Biosystem 9700 Thermocycler using a
touch down profile. The profile consisted of an initial denaturation of 93ºC for 2 min followed by 12
cycles of touch down, 93ºC for 20 sec, 55ºC decreasing to 43ºC (decreasing by 1 degree each cycle),
72ºC for 1 min followed by 25 cycles of 93ºC for 20 sec, 43ºC for 30 sec and 72ºC for 1 min
(increasing elongation by 10 sec each cycle). PCR products were run on 1.5% agarose gels, stained
with ethidium bromide and visualized with a UV light box.
Restriction analysis of ITS 1
ITS 1 PCR amplification products were initially digested with six restriction endonuclease, Alu I,
BamH I, Hae III, Hinc II, Hinf I and Rsa I in order to examine sequence differences between and
within mite strains. Restriction endonucleases that revealed differences in initial digests were used to
investigate further mite samples. Restriction digest products were run on 3% agarose gels, stained
with ethidium bromide and visualized with UV light box
Isolation of microsatellites
Approximately 400 blister mites were collected and pooled into a single 0.5 mL microcentrifuge.
Purified genomic DNA was isolated using a CTAB based extraction method incorporating an RNase
step (Sambrook et al. 1989). An Amplified Fragment Length Polymorphism (AFLP) library was
constructed from the DNA extract, to the pre-amplification stage according to the Gibco BRL AFLP
Analysis System II manual. The pre-amplification product was run on 1% low melt agarose gel and
products between 300 and 800 bps were excised from the gel, purified using wizard PCR preps
(Promega) and dried to a 12 µL volume. Size-selected digest products were ligated into the pGEM-T
vector according to the Promega pGEM-T vector manual. Ligations were transformed into Epicurian
Coli ® XL2-Blue ultracompetent cells according to the Stratagene instruction manual. Colonies were
lifted onto N+ hybond membranes. Microsatellite probes (AC) 10 and (AG) 10 were end-labeled with [γ
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P] ATP and hybridized to membranes overnight at 50ºC. Membranes were exposed to
autoradiograph film and the film was aligned back to colonies after exposure. Positive colonies were
re-screened to confirm their status.
Microsatellite PCR
Polymerase chain reactions were carried out in 10 µL volumes, consisting of 3 µL of template DNA,
167 µM dNTPs, 1.5 mM MgCl2, 0.1 µM of un-labelled forward primer, 0.03-0.06 µM of forward
primer end-labelled with [γ 33P] ATP, 0.4 µM of un-labelled reverse primer, 5 µg of bovine serum
albumin (BSA), 1 x Taq Buffer and 0.4 units of Taq polymerase (Promega). The thermocycling
profile was the same for all primer pairs with an initial denaturation at 94 ºC for 3 min, followed by 35
cycles of 94ºC for 30 sec, 47-52ºC (see Table 3 for annealing temperatures) for 30 sec and 72ºC for 30
sec. PCR products were electrophorised on 5% polyacrylamide denaturing gels and initially sized
with a pUC19 sequence.
Analysis of microsatellite data
Microsatellite loci were scored according to size and recorded into a Microsoft Excel spreadsheet.
Heterozygosity was calculated using the program GDA (Lewis and Zaykin 1999). All other data
analysis was carried out using the program GENEPOP (version 3.1) (Raymond and Rousset 1995).
Exact tests for Hardy-Weinberg proportions and population differentiation were implemented using
the Markov Chain method (100 batches, 1000 iterations) to estimate unbiased p-values. Multiple
comparisons were corrected using Bonferroni adjustment (Sokal and Rohlf 1995). Wright’s FST
measure was used to compare allelic variation between populations (Hartl and Clark 1997).

10.6 Results
ITS 1
Initial amplifications of ITS 1 produced PCR products with length variation in each of the three types
of mite. PCR products in blister mites were 650bps in length, bud mites were 750 bps in length and
rust mites were 600 bps in length. The use of the restriction enzymes Hae III, Hinf I and Alu I enabled
the length polymorphisms to be scored more easily and revealed genetic variation within and between
different locations (Table 2).

Table 2. Distribution of ITS 1 genotypes in bud mite, blister mite and rust mite based on
Restriction Fragment Length Polymorphism (RFLP) revealed by the restriction enzymes Hae
III, Hinf I and Alu I.
Vineyard/ Region
Wantirna Estate
Long Gully
Eden Valley
Domaine A. Stoney
Domaine A. Stoney
Charles Sturt
Mont Albert
Edith County
Mildura
Tumbarumba
Mount Mary
Long Gully
Eden Valley

Mite Type
Bud
Bud
Bud
Bud
Bud
Blister
Blister
Blister
Blister
Rust
Rust
Rust
Rust

No of individuals
8
7
14
10
9
6
5
3
5
11
10
2
2

ITS Genotype
G4
G4
G4
G4
G3
G2
G2
G2
G5
G1
G1
G1
G1

The variation in PCR product length and restriction patterns demonstrates genetic differentiation exists
between the three types of mite. No differentiation was observed between any rust mite samples.
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However, genetic variation was evident within one bud mite population (Domaine A. Stoney) and
between blister mite populations from different sites. The blister mite population from Mildura had a
unique ITS genotype.
Microsatellites
To enable further investigation of the genetic variability of bud mite and blister mite populations, ten
microsatellite primers were developed. Clone sequences from which primers were developed will be
submitted to GENBANK upon publication. Primer pairs were tested on bud mite and blister mite to
determine which primers were polymorphic (Table 3). The remaining six primers pairs developed
were found to be monomorphic in both species or an amplification product was not produced.

Table 3. Characteristics of polymorphic microsatellite loci.
Locus

Primer sequence 5’-3’

Cvit4

F- AGCCAGAGCTTATGTAATATGAAG
R-GCTAAACCACAAAATTGCCAC
F-ATGTCATGTTCTAGCCTCAAGC
R-ATCACGTTTCCGCAGTTCG
F-GATGTCGGTGATAGATTGTATGTG
R-AAACTCAGCGTAAACCATCATAGTG
F- CGTTGCTGCGATTAGTGAGAG
R-GAGTCAGCTCAAGCTGATACA

Cvit13
Cvit15
Cvit21

Repeat
motif
in
clone
(CT)24

Polymorphic
in

Annealing
temperature
(ºC)

No. of
alleles

50

9

50

5

(CA)10

Blister mite
Bud mite
Blister mite
Bud mite
Blister mite

50

4

(CA)12

Blister mite

50

4

(GT)10

Allelic
size
range
(bps)
125 145
112124
111119
78-86

Preliminary analysis of microsatellite data was completed for four populations (Charles Sturt, Mont
Albert, Mildura and Edith County) of blister mites with three polymorphic loci, Cvit4, Cvit13 and
Cvit15. The loci Cvit4 and Cvit15 showed highly significant (p<0.001) deviation from HardyWeinberg (H-W) proportions, whereas the locus Cvit13 was found to be in H-W proportions. The
observed and expected heterozygosities showed that a deviation from H-W proportions was most
likely a result of an excess of homozygotes (Table 4).

Table 4. Observed (Ho) and expected (HE) heterozygosities at loci Cvit4, Cvit13, Cvit15.
Locus
Cvit4
Cvit13
Cvit15

HE
0.643
0.343
0.682

HO
0.356
0.279
0.306

Observed and expected heterozygosities within and across all populations indicated that sample size is
likely to be important in detecting reductions in heterozygosity (Table 5)

Table 5. Expected (HE) and observed (Ho) heterozygosity per population.
Population

Charles Sturt
Mont Albert

No.
individuals
sampled
5
5

HE

HO

No.
alleles

0.215
0.296

0.200
0.267

2.00
1.67
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Population

Mildura
Edith County

No.
individuals
sampled
13
89

HE

HO

No.
alleles

0.468
0.538

0.314
0.321

3.00
5.00

Measures of population differentiation were made using Wright’s FST statistic and these showed
significant levels (p<0.05) of genetic differentiation between all population pairs (Table 6).

Table 6. Population differentiation: FST measures between population pairs.
Population
Mont Albert
Mildura
Edith County
*p<0.05

Charles Sturt University
0.308*
0.159*
0.221*

Mont Albert

Mildura

0.328*
0.284*

0.145*

A further investigation between blisters in two leaves of the Edith County sample showed that levels
of differentiation were overall less than that at the population level, with more significant
differentiation observed between leaves rather than within leaves (Table 7).

Table 7. Differentiation between mites from blisters on two leaves.
Leaf 1
Blister
B1
B2
B3
B4
B5
(B)
B2
-0.014
B3
0.112 0.203*
B4
0.050
0.074
0.199
B5
-0.020
0.018 -0.036
0.031
B6
-0.034 -0.069
0.121
0.054 -0.052
B7
-0.156
0.020
0.266
0.125
0.000
B8
-0.034
0.021
0.133 -0.181 -0.054
B9
0.134* 0.146*
0.310 -0.068
0.114
B 10
0.278* 0.331*
0.180
0.388
0.144
B 11
0.322
0.388
0.256
0.427
0.225
B 12
0.203
0.244
0.208
0.441
0.135
B 13
0.004 -0.005
0.018
0.039 -0.101
B 14
-0.156
0.020
0.266
0.125
0.000
*p<0.05 after correction for multiple comparisons

B6

B7

B8

0.013
-0.014
0.142
0.266
0.374*
0.155
-0.091
0.013

-0.208
0.259
0.286
0.250
-0.278
-0.177
-

-0.107
0.352
0.393
0.402
-0.029
-0.208

Leaf 2
B 9 B 10

0.460
0.503
0.571
0.117
0.259

B 11

B 12

B 13

0.005
0.043 0.204
0.113 0.209 0.056
0.286 0.250 -0.278 -0.177

10.7 Discussion
The ITS 1 data indicate that reproductive isolation exists between the three types of mites despite the
large geographical distance between collections of each type of mite ie. bud mites collected from
Tasmania and Victoria were identified as ITS genotype 4. This pattern was also observed with rust
mite and confirms the classification of rust mite and bud mite as separate species, which was based
previously on morphological differences (Buchanan and Amos 1992). However, because they are
morphologically indistinguishable, bud and blister mites are currently classified as the same species
with behavioural differences (Smith and Stafford 1948). Our data suggest that this classification is
incorrect as it appears likely that the bud mite and blister mite ‘types’ may represent two distinct but
closely related species.
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Although the ITS 1 region was useful for discriminating between mites at the species level, this area of
the genome was not variable enough to enable examination of the reproductive behaviour of the mites
or reveal information about the extent of genetic diversity within individual vineyards. Microsatellite
loci were, therefore, developed to undertake more detailed life history studies.
Preliminary analysis of microsatellite data has provided some interesting insights. Two of the three
loci (those with the highest expected heterozygosity) showed strong deviations from Hardy-Weinberg
proportions. This deviation was attributed to an excess number of homozygotes. Typically, excess in
multiple loci is attributed to inbreeding effects (Hartl and Clark 1997). However, diverse reproductive
models are described for the Eriophyoid mites, including haplodiploidy, parthenogenesis and the
occurrence of multiple adult female forms (Lindquist et al. 1996). A haplodiploid sex determination
system could result in the excess in homozygosity observed in the blister mite microsatellite data. In a
haplodiploid system, female offspring are produced from fertilized eggs and male haploids result from
unfertilized eggs. Haploid males may have been present in the blister mite collections and were scored
with microsatellite loci as homozygotes rather than hemizygotes. (Lindquist et al. 1996). Further
analysis of future microsatellite data should be investigated to distinguish between hemizygotic males
and homozygotic females. The deviations of microsatellite loci from Hardy-Weinberg proportions are
also consistent with parthenogenesis (Corrie et al. 2001); such deviation is expected from an excess of
homozygotes or heterozygotes depending on the alleles that become fixed in ‘clonal’ lines. Again this
could be further investigated in future microsatellite data sets by looking for common inheritance of
alleles at multiple loci. It is possible that blister mites employ multiple reproductive strategies.
Microsatellite data also revealed strong genetic variation between blister mite populations, indicating
there may be restricted movement of blister mites over large geographical areas, something not evident
from ITS 1 genotype analysis. However, within the Edith County blister mite population, low levels
of differentiation were observed, with significant differentiation only evident between blisters from
two leaves (where only one comparison was significant). As little genetic differentiation was detected,
it is likely that a moderate degree of movement of mites occurs among and within leaves, with mites
found in individual blisters or leaves unlikely to represent a single reproductive unit.
The number of individuals sampled and the number of loci used in these initial screens with
microsatellite loci remained low so inference from these results should be viewed cautiously.
Additional work could increase the understanding of the natural history of mite populations resulting
in development of more effective control measures. For instance, understanding reproductive systems
can provide information about how an infestation spreads both within and between vineyards.
What are the implications of the results for current control methods of the mites? These data indicate
that outbreaks of blister mites and bud mites are independent. These two groups of mites are separate
groups and genetic exchange between them is unlikely. Thus, they should be treated as separate
control targets and infestations of vineyards with one type of mite are unlikely to lead to infestations
with the other mite type. The preliminary analysis of bud and blister mite variation also suggests that
movement by these mites is fairly limited, unlike that of rust mites. Given that genetic differentiation
appears to occur on a local scale, there may be little movement of these mites within a vineyard. Thus
localised control strategies may be successful. Hence, the main aim of this work which was to develop
specific markers, has been achieved.

10.8 Summary
Evidence collected by employing the use of molecular markers on bud mite and blister mite suggests
that these mites represent two distinct but closely related species that should be treated as separate
targets for control. The life history of these species may be quite complex involving sexual and
asexual reproduction. Infestations on different vineyards are likely to be genetically differentiated,
suggesting that localized control strategies against these mites should be effective.
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11.1 Integrated management of grapevine rust mites (Calepitrimerus
vitis) in Australian vineyards. Recommendations
Martina Bernard, Paul Horne and Ary Hoffmann

11.1.1 Abstract
Recommendations for the monitoring and management of grapevine rust mites are presented.
Wettable sulphur (eg. Top Wettable Sulphur® or Thiovit®, 600g/100L) and/or canola oil (eg.
Supastik®, 20L/100L) should be thoroughly applied as a high volume spray (eg. 1000L/ha) at the
woolly bud stage of vines, when the temperature is at least 15oC, to control rust mite populations
and prevent mite damage on emerging shoots in spring. For optimum rust mite control, a
wettable sulphur and canola oil spray should be used. If a spray at the woolly bud stage could
not be applied, a spray of wettable sulphur at the label rate should be applied just after bud burst.
Fungicide and/or insecticide sprays that adversely affect mite predators and promote rust mite
outbreaks, especially mancozeb, should not be used in spray programs.

11.1.2 Spray options for the control of rust mites on grapevines
•
•

•
•

For optimum control of rust mites, a high volume spray of wettable sulphur and canola oil
should be applied at the woolly bud stage of Chardonnay grapevines.
Alternative treatments to the above are (1) a high volume spray of wettable sulphur or (2) a
high volume spray of canola oil, applied at the woolly bud stage of Chardonnay grapevines.
• Studies of the control of rust mites on grapevines (Chapter 9) showed that wettable
sulphur and/or canola oil applied at the woolly bud stage significantly reduced damage
to shoots in spring [leaf distortion and retarded shoot growth (RSG)] caused by rust
mites.
If one of the above sprays could not be applied at the woolly bud stage, a spray of wettable
sulphur should be applied just after bud burst.
More information on the use of these options for rust mite control is summarised below.

11.1.3 Monitoring mite activity in vineyards to indicate spray need
•
•
•

•

•

Monitoring of rust mite activity is important because sprays for mite control may not be
required in some seasons.
Bronzing of vine foliage in late summer is a reliable indication of large rust mite populations
that will cause damage on shoots in the following spring.
Bronzing over at least half the vine canopy across a block indicates that a spray for rust mite
control is required before bud burst in the next growing season.
• On vines with heavily bronzed foliage in autumn, 534 ± 89 to 2839 ± 407.3 rust mites
per spur emerged from winter shelters, moved to buds and caused severe leaf distortion
and retarded shoot growth (RSG) in spring, when a spray at woolly bud was not applied.
Absence of bronzing (at least in seasons with hot summer conditions) is a good indicator
that there is no need to apply woolly bud sprays in the following spring. In cooler summers,
bronzing of foliage may be a poorer indicator of rust mite activity.
• In late summer and autumn, only 34.4 ± 4.1 rust mites per spur migrated to winter
shelters on Chardonnay vines without bronzed foliage.
Spring rust mite damage (leaf crinkling and distortion, and reduced shoot growth) should be
assessed at growth stages from 3-4 to 8-10 separated leaves to evaluate the effects of woolly
bud sprays and indicate rust mite populations in early spring.
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•
•

This information should be recorded routinely in a spray diary and used to indicate the
effects of fungicide and insecticide spray programs on mite activity each season.
Outbreaks of rust mites are likely to have been induced by the use of some fungicides or
insecticides during the season (see 11.1.7), if bronzing of foliage occurs at the end of the
season, and there was no mite damage on shoots in early spring and no bronzing of foliage
in the previous autumn.
• The above information was confirmed by monitoring commercial vineyards in the Yarra
Valley over 4 years (1999-2001).

11.1.4 Spray application requirements
Spray window
• For successful rust mite control, sprays of wettable sulphur and/or canola oil should be
applied at the onset of mite migration, when the mites are exposed during their movement
onto new shoots, and before they feed, cause shoot damage and lay their eggs.
• The onset of migration coincides with woolly bud on Chardonnay vines and bud swell to
woolly bud (preferably not at late woolly bud) on Cabernet Sauvignon vines.
• In some districts, the spray window for Chardonnay vines, [ie. when vines are at the
woolly bud stage and maximum daily temperatures are at least 15oC (see temperature
below)], is narrow and may be only a few days in some seasons.
• The spray window for Cabernet Sauvignon vines [ie. when vines are at bud swell to
woolly bud and temperatures are at least 15°C] is wider and may be from 10-14 days.
• However, Cabernet Sauvignon vines should be sprayed before the late woolly bud stage
because the dense bud hairs that prevent the entry of rust mites start to separate at the
late woolly bud stage. This allows entry and feeding by thousands of rust mites that
have, by then, accumulated on bud hairs and around the base of buds (Chapter 9).
• For other vine varieties with bud development between that of Chardonnay and Cabernet
Sauvignon, sprays should be applied in the period from the woolly bud stage in Chardonnay
vines to the woolly bud stage for each variety.
• Recommendations for the timing of sprays for rust mite control were based on research
conducted for two years in the Yarra, Diamond and King Valleys and at Gembrook in
Victoria, and for one year in the Adelaide Hills in South Australia.
• In the absence of data on rust mite biology from other regions, the recommendations
should be regarded as guidelines that require further validation.
• Industry reports, however, indicated that the recommendations were applied successfully
in commercial vineyards across wine grape growing regions of Australia in 2000-2003.
Spray volume
• High volume sprays should be applied to thoroughly wet the thickest bark of vine cordons
and crowns where 95% of rust mites over-winter.
• From 900 to 1000 L/ha will be required for mature vines. Higher volumes may be required
in very old vines and lower volumes may suffice in young vines.
• Low volume sprays (≤ 400 L/ha) of wettable sulphur or wettable sulphur and canola oil
do not control rust mites and prevent leaf crinkling and reduced shoot growth, even
when the concentration of sulphur is increased to compensate for the low spray volume.
• In spring, rust mite damage on shoots of mature vines sprayed with wettable sulphur
(0.9%) and canola oil (2%) at 500L/ha, was greater than damage on shoots of vines
sprayed with a lower wettable sulphur concentration (0.66%) and canola oil (2%) at 900
L/ha (Bernard et al. 2000, Bernard et al. 2001, Chapter 9).
Rates of wettable sulphur
• Wettable sulphur (eg. Top Wettable Sulphur® or Thiovit®) should be applied at 6kg/ha or
600g/100L per 1000 L/ha.
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•

•

Research in this and other projects indicated that increasing wettable sulphur rates
beyond 6kg/ha or 600g/100L in a spray volume of 1000 L/ha does not improve the
efficacy of sprays.
Higher rates of wettable sulphur should not be used for the woolly bud spray because the
excessive use of wettable sulphur may adversely affect populations of predatory mites,
lightbrown apple moth parasitoids such as Trichogramma wasps, and other beneficial insects
in Australian vineyards.

Rates of canola oil
• Canola oil (eg. Supastik®) at a 2% product concentration (ie. 18 L/ha with a spray volume of
900 L/ha or 20 L/ha with a spray volume of 1000 L/ha) was used during studies in this
project.
• Industry experience, however, indicated that prevention of rust mite damage was also
achieved using 1-1.5% canola oil (eg. Canola®), providing high spray volumes (as above)
were applied.
• When canola oil is mixed with sulphur, mixing instructions are important. A slurry of
sulphur, and then a mixture containing equal amounts of water and oil should be added to
the rest of the water at constant agitation in the spray tank.
Use of other oils
• Other vegetable or paraffin-based white oils were not tested in this project.
• Some growers, however, reported comparable results with other oils, although the addition
of soapy emulsifying agents was required in some cases and mixing was important.
• The use of other vegetable oils registered only for mixing with herbicides, or winter
paraffin-based oils is not recommended. The efficacy and phytotoxicity of these oils has not
been adequately investigated.
Temperature
• When applying sulphur sprays for rust mite control, the temperature must be at least 15°C at
the time of application and for a few hours afterwards to ensure sulphur vapour activity
(Baur 1999).
• The vapour action of sulphur is required for the success of sprays at woolly bud because
many rust mites are still hidden in their winter shelters in vine bark.
• In spring 2003, grape growers who applied woolly bud wettable sulphur and canola oil
sprays at night, when the temperature did not reach 15°C, did not successfully control
rust mites.
Phytotoxicity
• The application of canola oil products (at concentrations of 1-2%) or wettable sulphur and
canola oil mixtures for rust mite control after the woolly bud stage is not recommended
because these sprays cause phytotoxicity on green grapevine tissues.

11.1.5 Efficacy of spray options for rust mite control
•
•
•
•

Pre-bud burst spray options for rust mite control in relation to observed spray efficacy and
phytotoxicity are summarised in Table 1.
The possible consequences of not spraying are also tabulated.
The choice of treatments adopted by each grape grower will depend on their willingness to
tolerate marginal rust mite damage and the cost of sprays.
If unfavourable weather or uneven bud development prevent the application of a woolly bud
spray in the spray window for each variety, a high volume spray of wettable sulphur at the
label rate should be applied as soon as possible after bud burst.
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Table 1. Summary of options for sprays applied at the woolly bud stage for rust mite
control in relation to observed spray efficacy and phytotoxicity during research in the
project.
Spray applied

Spray
volume*
(L/ha)

1. Wettable sulphur
(0.66%) and canola oil
(2%) mixture.

900

Proportion of
vine canopy
severely
damaged by
rust mites
(%)
1.3 ± 0.8

2. Wettable sulphur
(0.66%) alone.

900

13.4 ± 2.9

3. Canola oil (2%)
alone.

900

12.0 ± 2.2

4. Wettable sulphur
(0.9%) and canola oil
(2%) mixture.

600

21.5 ± 2.9

5. No spray applied.
Control was required.

-

79.1 ± 4.0

6. No spray applied.
Control was required.

-

100 + severely
reduced shoot
growth

6. No spray applied.
No control was
required.

-

No damage or
minimal
damage

Comments on spray efficacy in field studies

This spray prevented damage and mite
establishment on new shoots early in the season.
Efficacy was nearly 100%.
Only 4.52 ± 0.73 rust mites survived per spur.
This spray should not be used after the woolly bud
stage because it caused phytotoxicity on new
growth.
This spray provided comparable results to Sprays 1
and 3.
It can be applied after the woolly bud stage, if the
spray at woolly bud was missed because of adverse
weather.
A lower rate of sulphur may be required to prevent
phytotoxicity on new vine growth.
This spray provided comparable results to Sprays 1
and 2.
This spray should not be used after the woolly bud
stage because it caused phytotoxicity on new
growth.
When the spray volume was reduced, less mite
control was achieved than when sulphur and canola
oil were applied with a high spray volume (Spray
1).
This spray should not be used after the woolly bud
stage because it caused phytotoxicity on new
growth
Vine foliage was bronzed in the previous autumn.
The number of over-wintered rust mites that
infested new shoots in spring was 415.2 ± 48.13.
Vine foliage was severely bronzed in the previous
autumn.
The number of over-wintered rust mites that
infested new shoots in spring was 1377 ± 238.8 to
2839 ± 407.3.
No bronzing was observed in the previous 1-3
autumns after average summer conditions each
year.
The recommendation for ‘no control required’
applies only to vineyards where sprays that
adversely affect rust mite predators are not used.

*Spray volumes apply to seven year old vines. Older vines may require higher spray volumes for comparable results.
Spray volumes per hectare (ha) apply for non-recycling sprayers.

11.1.6 Sprays that do not control rust mites
• Research in this project showed that some sprays used by grape growers (before the project
commenced) do not adequately control rust mite populations and/or prevent rust mite damage on
vines.
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•

•

•

Wettable sulphur sprays (up to 400g/100L at a spray volume of 1000L/ha) applied at two
weeks and five weeks after bud burst do not significantly reduce numbers of rust mites or
prevent damage to shoots in spring because mite feeding on shoots has already occurred
before the sprays are applied.
Some reasons for the poor efficacy of these sprays are as follows.
(1) Rust mite eggs are not killed by sulphur.
(2) Deep grooves beside leaf veins and minute hairs on the underside of leaves protect rust
mites from sprays.
(3) Optimum spray coverage of microscopic mites in multi-layered vine canopies is difficult
to achieve. (Rust mites are very small. Five adults fit head to tail into one millimeter).
Post-harvest sprays of wettable sulphur (600g/100L at a spray volume of 1000L/ha) directed
onto vine canopies do not contact and control rust mites because, by this time, the mites
have already moved from vine foliage to their winter shelters under the bark of vine cordons.

11.1.7 Fungicide and/or insecticide sprays that adversely affect mite predators and
promote rust mite outbreaks
Fungicide and/or insecticide sprays that adversely affect mite predators
• Some fungicide and insecticide sprays promote rust mite outbreaks because their unintended
secondary action decimates natural populations of predators of rust mites.
• Elimination of these sprays from spray programs should prevent rust mite outbreaks over
time.
• Spray chemicals that adversely affect rust mite predators are some dithiocarbamate
fungicides, especially mancozeb and mancozeb mixtures (eg. Mancozeb, Dithane,
Acrobat, Bryzeb, Manzate, Penncozeb, Recoil and Galben), benzimidazole
fungicides such as benomyl (eg. Benlate) and carbendazim (eg. Bavistin and Spin), lime
sulphur, chlorpyrifos (eg. Lorsban) and pyrethroid insecticides.
• Repeated use of mancozeb can lead to rust mite outbreaks and bronzing of foliage in late
summer, and mite damage on shoots in the following spring.
• Extensive studies over two decades on a range of crops overseas and in Australia (James
1989, Smith and Papacek 1991, Ingram and Nimmo 1993, James and Rayner 1995,
Chapter 9) indicated that the chemicals listed above adversely affect populations of
predatory mites.
• Research in this project in 2000/01 and 2001/02 confirmed that the excessive use of
mancozeb (Mancozeb) in spray programs can promote outbreaks of rust mites in late
summer, and cause leaf distortion and retarded shoot growth (RSG) in the following
spring.
• Severe bronzing on the foliage of Chardonnay vines in late summer was induced by the
application of 10 fortnightly mancozeb sprays in each growing season. In spring, the
vines were sprayed with wettable sulphur and canola oil at the woolly bud stage and
there was no rust mite damage on shoots early in the season. Other vineyard blocks with
the same spray program, except for the 10 mancozeb sprays, did not develop bronzed
foliage in late summer.
• Rust mite outbreaks also developed when up to four mancozeb sprays were applied,
despite good control of rust mites in early spring by pre-bud burst sprays (Bernard and
Hoffmann, unpublished data).
• A survey of 12 vineyards, monitored as part of an IPM program where no broadspectrum insecticides were used, indicated that rust mite outbreaks occurred where three
or more mancozeb sprays were used (Horne, unpublished data).
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11.1.8 Alternatives to mancozeb that are less toxic to mite predators
•
•
•
•
•
•

Rust mite outbreaks can be avoided by using sprays that have less adverse effects on
predatory mites instead of those listed in 11.1.7.
Less toxic alternatives that have been evaluated so far include Delan (dithianon), Filan
(boscalid), Stroby (kresoxim-methyl) and, to a much lesser extent, Polyram (metiram).
Research indicates Delan, Filan and Stroby can be substituted for mancozeb with
minimal effect on rust and bud mite predators.
Polyram can be substituted for mancozeb because its effect on some predatory mites is less
than that of mancozeb, but overuse is not recommended.
Sprays that suppress predatory mite populations appear to induce rust mite outbreaks
because predatory mites control rust mites during the growing season.
Grape growers who want to fully implement IPM and eliminate or substitute other sprays to
preserve other beneficial insects in vineyards should seek expert entomological advice.
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11.2 Integrated management of grapevine bud mites (Colomerus vitis)
in Australian vineyards. Preliminary recommendations
Martina Bernard, Melissa Carew, Pamela Hurst, Paul Horne, Ary Hoffmann

11.2.1 Abstract
Preliminary recommendations for the control of bud mites in vineyards are presented. A high
volume spray of wettable sulphur at the label rate for mite control after bud burst (eg. 200g/100L
Thiovit), should be applied between 100% bud burst (at the first and second basal nodes) and
one week after bud burst for the control of bud mites. The use of mancozeb and other sprays
harmful to rust mite and bud mite predators, especially in early spring, is not recommended. The
application of a lime sulphur spray at the advanced woolly bud stage for bud mite control is also
not recommended.

11.2.2 Indications of bud mite activity in vineyards
•

Grape growers should inspect their vines for symptoms of damage caused by bud mites
(Bernard et al. 2002) before applying sprays for bud mite control to avoid unnecessary spray
application.
• Damage caused by bud mites (bud necrosis in winter, and poor bud burst and shoot
distortion in spring) was more evident on vines sprayed at woolly bud with wettable
sulphur and canola oil for the control of rust mites.
• On unsprayed vines, damage caused by rust mites (distorted crinkled leaves and retarded
shoot growth) masked damage caused by bud mites.
• Symptoms of damage caused by bud and/or rust mites is similar to symptoms of
‘restricted spring growth’ (RSG).
• Research in this project indicated that, potentially, bud mites are important because they
damage leaf and bunch primordia during their formation and reduce vine yield.

11.2.3 Management of grapevine bud mites (preliminary recommendations)
11.2.3.1 Sprays for bud mite control
•
•
•
•

For the control of bud mites, it is suggested that a high volume spray of wettable sulphur at
the label rate for mite control after bud burst (eg. 200g/100L Thiovit), should be applied
between 100% bud burst (at the first and second basal nodes) and one week after bud burst.
Sprays should be applied to provide thorough coverage of young shoots.
• Rates of wettable sulphur required for optimum control of bud mites have not been
determined.
Evidence of bud mite control will not be visible until the following spring because
symptoms on buds and shoots in spring are a result of bud damage that occurred in the
previous year.
Sprays in 2-3 consecutive seasons may be required to substantially reduce bud mite
populations and prevent bud mite damage on shoots in spring.
• Limited information on the biology and ecology of grapevine bud mites indicates that
the mites are likely to be exposed to sprays for only a short period just after bud burst.
• When buds burst and shoots begin to grow, bud mites concentrate around the bases of
shoots and are vulnerable to sprays.
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•
•

From one week after bud burst onwards, bud mites begin to move under the stipular
scales of next season’s bud primordia and begin to feed and damage primordial
meristem, leaf and bunch tissue.
Four weeks and 10 weeks after bud burst, 50% and 100% of bud mite
populations,respectively, are protected inside next season’s bud primordia (Dennill
1986, 1991) where they subsequently feed, reproduce and are inaccessible to sprays for
the rest of the growing season.

11.2.3.2 Fungicide sprays that adversely affect mite predators
•
•

The use of mancozeb and other sprays harmful to rust mite and bud mite predators (11.1.7)
is not recommended.
Early spring appears to be the most important time to avoid the use of these sprays with
respect to bud mite control.
• Initial studies of the life cycle of bud mites indicated that the mites are likely to be
exposed to predation by mite predators such as Amblyseius (Euseius) victoriensis and
Typhlodromus (Anthoseius) doreenae for only a few weeks immediately after bud burst.

11.2.4 Sprays that do not control bud mites
•
•

•

The application of a lime sulphur spray at the advanced woolly bud stage for bud mite
control is not recommended.
This spray had no effect on populations of bud mites in buds (Chapter 9).
• At the woolly bud stage, bud mites are located deep inside buds and appear to be
inaccessible to sprays. This is probably why wettable sulphur and canola oil sprays
applied at woolly bud for rust mite control also do not control bud mites.
The lime sulphur spray also adversely affects beneficial insects and mites in vineyards.

11.2.5 Blister mites and bud mites
•
•

When monitoring mite damage on grapevines, blister mites and bud mites should be
regarded as separate species rather than different forms of bud mite (Colomerus vitis)
(Chapter 10).
Generally, blister mites are of little economic importance and sprays for their control are not
required.
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12. Effects of sulphur on parasitism of lightbrown apple moth by
Trichogramma carverae
Linda Thomson, DeAnn Glenn and Ary Hoffmann

12.1 Abstract
Trichogramma parasitoids are a commonly released biological control agent against
Lepidopteran pests. In vineyards in south eastern Australia, Trichogramma carverae is
released to control lightbrown apple moth (Epiphyas postvittana), a pest of grapevines.
Sulphur is also sprayed on the vines to control powdery mildew and mites. The aim of our
experiments was to assess the potential impact of the use of sulphur on released and resident
Trichogramma species (T. carverae, T. funiculatum), to develop a protocol to maximise the
potential of Trichogramma and to optimally integrate the use of chemicals with biocontrol
strategies. Laboratory and field studies indicated that sulphur is harmful to adult
Trichogramma wasps as well as to immature stages contained within hosts as it increased
mortality and reduced fitness of the emerged wasps. Persistence trials showed that release of
Trichogramma 6 days after sulphur has been sprayed will reduce the harmful effects of sprays
on released organisms. However, in order to avoid the impact of sulphur sprays on resident
Trichogramma, other chemicals should be used.
Publications on this R&D: Thomson et al. 2001

12.2 Introduction
In this chapter we describe a series of laboratory and field experiments designed to assess the
impact of sulphur on Trichogramma egg parasitoids which are used to control lightbrown
apple moth (LBAM) (Epiphyas postvittana) in vineyards in Australia (Glenn et al. 1997).
Lightbrown apple moth is a key pest of grapes. In addition to direct damage to berries,
feeding by LBAM larvae can provide entry points for Botrytis cinerea (Glenn et al. 1997).
LBAM larvae can be difficult to control with insecticides because they are protected in
webbed leaf rolls that limit contact with insecticide sprays, and in dense foliage and tight
grape bunches late in the season (Danthanarayana 1975).
Sulphur (particularly wettable sulphur) is an integral component of disease and pest
management in vineyards. In particular, it is used for the control of powdery mildew and
eriophyiid mites. There is evidence that sulphur is toxic to Trichogramma (Hassan et al. 1983,
Navarajan 1986, Hassan et al. 1987, Hassan 1994), and releases of Trichogramma may be
affected by the widespread and frequent application of sulphur. If Trichogramma is released
to control LBAM, it is necessary to determine the effects of sulphur on Trichogramma, and to
test if there are opportunities to release Trichogramma safely between sulphur applications.
Field and laboratory experiments to assess impacts of sulphur on T. carverae and T.
funiculatum, two species that parasitise LBAM egg masses, are described.

12.3 Previous research
Biological control with beneficial insects often fails because of problems associated with the
deleterious effects of pesticides and fungicides on biocontrol agents (Bartlett 1963, Franz et
al. 1980, Borgemeister et al. 1993). Chemicals can be acutely toxic to beneficials (contact
toxicity) as well as being harmful because of exposure over a longer period, depending on
pesticide persistence (Hassan et al. 1987, Hassan et al. 1988, Hassan 1994, Hassan et al.
1998). To assess the impact of chemicals on beneficials, standardized test protocols have been
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developed such as the IOBC/WPRS procedures (Hassan et al. 1987, Hassan et al. 1988,
Hassan et al. 1994, Hassan et al. 1998). These laboratory protocols focus largely on mortality
effects on adults, although effects on immature stages are also considered. In addition, tests
have incorporated measures of the effects of pesticide contact on less susceptible life stages
such as stages of parasitoids within hosts. Contact with pesticides at these life stages can
cause prolonged development time and reduced rates of emergence, fecundity, parasitism
capacity, adult longevity and mating likelihood (Franz et al. 1980, Stark et al. 1990, Hassan et
al. 1994, Schmuck et al. 1996, Consoli et al. 1998, Delpuech et al. 1999).
A limitation of such standardised procedures is their lack of validation in the field (Hassan et
al. 1994). Although chemicals that have little impact under stringent laboratory conditions
will probably also have little impact in the field, the converse is not necessarily true due to the
greater variability of field conditions (Franz et al. 1980, Banks and Stark 1998). Laboratory
tests may overestimate toxic effects if they measure exposure that would not be likely in the
field or if they do not allow for altered behaviour patterns which could lead to reduced
exposures in the field (Longley and Jepson 1996). Conversely, laboratory tests may
underestimate a risk arising from sublethal effects that can lead to population decline under
field conditions (Banks and Stark 1998).
In control programs that use mass release of beneficial insects, pesticide persistence in the
field is particularly important. An understanding of the effects of chemicals over time can
provide information on how to separate spray applications from releases of beneficials. This
understanding should help to minimise toxic effects of pesticides and integrate biological
control with other management practices.

12.4 Research objectives
Studies were conducted to address the following questions:
1. Are there contact toxicity effects of sulphur on Trichogramma?
2. Does sulphur have a detrimental effect on immature stages and sublethal effects on adults?
3. Does sulphur covering LBAM eggs on vine leaves at the time of spray application reduce
their acceptability to Trichogramma and hence, reduce the success of the release?
4. Is there an opportunity to coordinate Trichogramma releases with sulphur applications to
avoid detrimental effects of sulphur?
In this chapter we show how this information can be used to develop guidelines for the
integration of Trichogramma releases with pesticide and fungicide applications in vineyards.

12.5 Methods
Cultures
Slide mounted male specimens of Trichogramma from the culture used in this study were
placed in the Victorian Agricultural and Arachnid Insect Collection, Knoxfield, Victoria. T.
carverae is presently the only species of Trichogramma commercially available in Australia
for release on grape vines. Although it is not found naturally in the Yarra Valley (Glenn et al.
1997) where the field experiments were undertaken, T. carverae has been released there and
can persist throughout the year (L. Thomson, unpublished data). T. funiculatum is commonly
found parasitising LBAM in vineyards but is not raised commercially as it cannot be mass
reared on the commercial factitious host Sitotroga cerealella (Glenn and Hoffmann 1997). T.
funiculatum can, however, be raised on the alternative host Ephestia kuehniella (L. Thomson,
unpublished data) which may be commercially available in the future.
T. carverae was provided by Bio-Protection (Warwick, Queensland) in February 1997 and
reared in 285mL plastic vials at 25°C with a photoperiod of 16 hours (h) light: 8 h dark and
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60% RH. This colony was established by D.C. Glenn (Glenn and Hoffmann 1997). T.
carverae were reared on Sitotroga cerealella eggs supplied by Bio-Protection (Warwick,
Qld.) and later, by Integrated Pest Management (Bugs for Bugs) (Mundubbera, Qld.).
Sitotroga cerealella (Olivier) eggs on Post–it pad (3M) strips were placed in the colony
every 11 days. Honey was provided as a smear on the lid of each vial. Trichogramma adults
were used within 24 h of emergence. T. funiculatum was collected as parasitised egg masses
from a glasshouse from a natural infestation at the Institute of Horticultural Development,
Knoxfield and used within 24 h of emergence.
LBAM eggs were collected from a colony originating from collections at Yarra Ridge
vineyard in the Yarra Valley. The moths were reared on an artificial diet modified from
Shorey and Hale (1965). Mature egg masses or neonate larvae were placed in 1L plastic
disposable containers with the diet and maintained at 19°C for about 6 weeks. Emerged moths
were placed for mating and oviposition in plastic Cafebar cups (Cafebar International,
Melbourne Vic.) with vertical ridges and a fitted lid and fed 10% honey solution. The plastic
cups were cut into strips with egg masses intact. Moths were maintained at 19°C and eggs laid
in plastic cups were collected and stored at 4°C until needed. LBAM eggs are a preferred
host of Trichogramma and rearing on the commercially available host S. cerealella does not
affect their acceptance of LBAM (Glenn and Hoffmann 1997).
Bioassay
Wettable sulphur (Thiovit [Novartis Crop Protection, Australasia] with a concentration of
active ingredient 80g/kg elemental sulphur) was applied in a test vineyard at the
manufacturer’s recommended rates. The rate recommended for the control of mites is
500g/100L and the mildew rate (200g/100L) is the upper limit of the range recommended for
control of powdery mildew (100-200g/100L). Lorsban (concentration of active ingredient
500g/kg chlorpyrifos) applied at the manufacturer'
s recommended rate (50g/100L) was used
as a positive control in most experiments. Hassan et al. (1988) found that when chlorpyrifos
was tested on Trichogramma caecoeciae (Trichogrammatidae) a rating 4 (harmful >99%
toxicity) was achieved at both the ‘vulnerable’ life stage (adult wasps) and ‘less vulnerable’
stage (developing in host eggs). In the laboratory, chemicals were applied to adult wasps and
LBAM eggs using a Potter tower (Potter 1952). After spraying, LBAM egg masses were
stored in ventilated containers (11cm diameter with 7cm mesh inserts in lids).
Contact toxicity
Several LBAM egg masses laid on plastic cups were placed in Trichogramma colony vials
with newly emerged adult wasps. After 30 minutes, egg masses with adult wasps on them
were removed and placed in 90mm plastic Petri dishes. Approximately 20 wasps in each Petri
dish were subjected to one of 4 treatments in a Potter tower: water, sulphur (mite and mildew
rates) and chlorpyrifos. Each treatment was applied to 5 replicates. After applying the
treatments, the Petri dishes were placed in ventilated containers. Honey was smeared on the
lid to provide food and the containers were placed at 25°C. Mortality was scored after 1, 3
and 24 h.
Sulphur residues
The effects of sulphur residues were investigated by exposing wasps to dried residue on
leaves sprayed in the glasshouse (water, chlorpyrifos, mite and mildew rates of sulphur), and
in the field (sulphur and water only). Field rates of chemicals were applied to potted plants in
the glasshouse. After the leaves were dry (day 0), 40mm sections were excised from each and
placed in Petri dishes to which 10 LBAM egg masses and 20 wasps were added. Each Petri
dish was placed at 25°C in a ventilated container with honey smeared on the lid. Mortality
was scored at 3 h and 24 h. After 24 h, wasps were removed and the container was returned to
25°C until day 5 when parasitism was scored. Five replicates were set up for each treatment.
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The plants were returned to the glasshouse and bioassays were repeated 3 days and 5 days
after spray application.
For the field trial, chemicals were applied to vines (Hardy Maxi® air blast sprayer) and leaves
were harvested each day for 6 days. Mortality of Trichogramma exposed to treated leaves was
scored each day as for the glasshouse trial.
Immature stages contained within hosts
Effects of sulphur on immature stages of Trichogramma within LBAM egg masses were
assessed. Mortality of adults (failure to emerge) and the performance of emerged females
(parasitising ability) were scored. Rates of Trichogramma emergence from LBAM eggs
sprayed with sulphur were compared with rates of emergence from unsprayed (control) egg
masses. Parasitised LBAM egg masses were sprayed with sulphur at the mite and mildew
rates and with chlorpyrifos. Egg masses parasitised by T. funiculatum were obtained from
glasshouse grapevines and egg masses parasitised by T. carverae were obtained from the
laboratory culture. For T. funiculatum, 30 egg masses were tested per treatment and for T.
carverae there were 60 egg masses per treatment. Sprayed egg masses were left in a fume
hood for 24 h and then placed in capsules. After 12 days, percent emergence was recorded
and individual females from each group were placed in Petri dishes (3.5cm diameter) with a
single LBAM egg mass and a smear of honey. Dishes were placed at 25°C. The percentage
of the eggs that were parasitised was recorded after 5 days.
Acceptance of sprayed eggs
Acceptance of an egg mass and the percent parasitism was measured in the laboratory and
field. Acceptance of an egg mass was defined as any parasitism of the egg mass by the wasp,
and the percentage of the egg mass parasitised was calculated. In the laboratory trial, 180
LBAM egg masses were divided into three groups. Sixty egg masses were sprayed with
sulphur at the mite rate, 60 at the mildew rate and 60 were left unsprayed. The egg masses
were left in a fume hood for 24 h. Single female T. carverae were held in Petri dishes (3.5cm)
with one egg mass. A smear of honey was applied to the lid and the Petri dishes were placed
at 25oC. Acceptance and percent parasitism were scored after 5 days.
For the 2 field trials, LBAM egg masses were sprayed in the laboratory with water or sulphur.
Each trial consisted of 4 release points, each of which was surrounded by 16 egg cards. The
16 egg cards surrounding control release sites were left unsprayed and those surrounding test
sites were sprayed with sulphur at the mildew rate. Wasps were released directly after egg
cards had been placed and cards were retrieved after 5 days, held at 25°C and scored for
acceptance. In addition, the LBAM egg masses were checked using a hand lens, every
morning and afternoon for the 5 days following the release to compare the number of wasps
recaptured from sulphur sprayed eggs with that recaptured from control egg masses.
Two field releases were also undertaken in which the LBAM egg masses were sprayed by the
grower at the mite rate with a Hardy Maxi® air blast sprayer. Prior to spraying, 4 release
points were established (16 cards per point). Four control points also were established and
about 800 female Trichogramma were released from cards at each release point. Cards were
collected after 5 days, held at 25°C and both acceptance and parasitism were scored.

12.6 Results
Contact toxicity
As expected, chlorpyrifos was highly toxic to adult T. carverae with over 95% of wasps dying
within three hours of contact (Figure 1). Because the distribution of mortality rates was often
skewed, we used non-parametric analyses. The mortality rate of wasps sprayed at both
sulphur rates was significantly greater than that of the controls at all three times after spraying
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(Kruskal-Wallis tests: 1 h X2 = 6.32, d. f. = 2, P = 0.042; 3 h X2 = 8.44, d. f. = 2, P = 0.015;
24 h X2 = 9.14, d. f. = 2, P = 0.01). Wettable sulphur therefore had a detrimental effect on
wasps in contact with this fungicide.
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Figure 1. Mean ± standard error (s.e.) percent mortality of adult T. carverae at 1, 3 and 24 h
after application of chlorpyrifos (Q), sulphur at the mite (É) and mildew (V) rates and water
control ( ). Error bars represent standard errors.
Persistence
The effect of sulphur residues on Trichogramma persisted both in the glasshouse and field
trials (Figure 2). The mortality of wasps exposed to sulphur on leaves from vines kept in the
glasshouse was significantly greater than that in controls, 3 h (Kruskal-Wallis test, X2 = 9.99,
d. f. = 2, P = 0.007) and 24 h (X2 = 6.16, d. f. = 2, P = 0.046) after contact with the dried
residue, but was not significantly different 5 days after spraying at 3 h (X2 = 0.20, d. f. = 2, P
= 0.990), and at 24 h (X2 = 2.26, d. f. = 2, P = 0.324). Similar results were obtained when
wasps were exposed to leaves harvested from the field in the days after spraying. Mortality of
wasps exposed to sulphur-sprayed leaves remained significantly greater than controls until
day 6 (24 h mortality: day 0 X2 = 7.98, d. f. = 2, P = 0.018; day 1 X2 = 8.89, d. f. = 2, P =
0.012; day 2 X2 = 9.98, d. f. = 2, p = 0.007; day 3 X2 = 11.40, d. f. = 2, P = 0.003; day 4 X2 =
6.98, d. f. = 2, P = 0.031; day 5 X2 = 9.52, d. f. = 2, P = 0.009; day 6 X2 = 0.76, d. f. = 2, P =
0.684) (Figure 2). A significant reduction in fecundity at both day 0 (Kruskal-Wallis test: X2 =
6.15, d. f. = 2, P = 0.046) and day 5 (X2 = 8.13, d. f. = 2, P = 0.017) (Table 1) was observed
for the glasshouse leaves.
Effect on parasitoids within hosts
Chlorpyrifos was fatal to all developing Trichogramma in the parasitised eggs. There was an
increase in mortality and a decrease in the performance of emergent females when eggs, in
which Trichogramma were developing, were sprayed with sulphur. These data were analyzed
with non-parametric statistics because distributions were skewed. Rates of emergence from
eggs sprayed after parasitism were significantly reduced in both T. funiculatum (KruskalWallis test: X2 = 11.61, d.f. = 2, P = 0.003) and T. carverae (X2 = 28.78, d.f. = 2, P <0.001)
(Table 2). The ability of females emerging from sprayed egg masses to parasitise eggs was
also assessed. Fewer of the wasps exposed to sulphur accepted egg masses (Table 2).
Contingency tests indicate that these differences are significant in the case of both T.
funiculatum (G = 12.11, d.f. = 2, P = 0.002) and T. carverae (G = 20.27, d.f. = 2, P < 0.001).
However, sulphur treated T. funiculatum parasitised fewer eggs (Kruskal-Wallis test: X2 =
13.06, d.f. = 2, P = 0.002) than untreated wasps (Table 2).
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Table 1. The number of LBAM eggs parasitised per female wasp after exposure to
leaves day 0 and day 5 after application of sulphur. Values are mean ± standard error
(s.e.).
Treatment

Day 0

Day 5

Control

5.36 ± 1.41

4.95 ± 0.56

Sulphur (mite rate)

1.19 ± 0.79

2.41 ± 0.62

Sulphur (mildew rate)

2.50 ± 0.81

1.20 ± 0.43

Chlorpyrifos

0.36 ± 0.18

0
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Figure 2. A. Mean (± s.e.) percent mortality of adult T. carverae 24 h after exposure to leaves
sprayed with: chlorpyrifos (Q), sulphur at the mite (É) and at the mildew rate (V) and water
control ( ) in the laboratory. B. Mean (± s.e.) percent mortality of adult T. carverae 24 h after
exposure to leaves sprayed with sulphur at the mite rate (É) and at mildew rate (V) and water
control ( ) in the field.
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Table 2. Effect of treatments on parasitoids within their host (LBAM eggs): emergence
from sprayed eggs and parasitism success of emerged females. The effect was measured
by the percentage of females accepting egg masses and the percentage parasitism in those egg
masses accepted. Values are mean ± s.e.

Treatment

Emergence from LBAM egg
masses parasitised then sprayed
(% )

T. funiculatum
Control

T. carverae

Fecundity of emerged females

Females accepting egg masses

Parasitism in these egg masses

(% )

(% )

T. funiculatum

T. carverae

T. funiculatum

T. carverae

81.1± 4.98

69.98 ± 5.51

45

55

95.40 ± 2.40

86.18 ± 4.16

Sulphur
(mildew rate)

57.88 ± 6.69

28.11 ± 2.95

17

10

67.78 ± 9.30

93.33 ± 6.67

Sulphur
(mite rate)

61.77 ± 6.20

35.06 ± 4.29

8

13

64.68 ± 19.44

98.00 ± 2.00

0

0

Chlorpyrifos

Acceptance of sprayed egg masses
There was a reduction in the T. carverae acceptance of LBAM eggs sprayed with sulphur
with respect to the number of egg masses accepted G = 32.37, d.f. = 1, P < 0.001) (Figure 3)
and the number of parasitised eggs in the laboratory (Kruskal-Wallis test: X2 = 15.70, d.f. = 2,
P < 0.05) and in the field (X2 = 25.09, d.f. = 2, P < 0.05). During monitoring of visits by T.
carverae to sprayed and unsprayed egg masses over 5 days, 75 wasps were captured from
control egg masses but only eight wasps from sprayed egg masses.
The field trial following field application of sulphur suggests that T. carverae fail to survive
soon after spray application. No parasitism of either control or sulphur sprayed eggs was
observed despite suitable conditions for parasitism (temperature range 22-25°C) during the
releases at both sites (Bourchier and Smith 1996).

12.7 Discussion
The results of these experiments support other research demonstrating that sulphur is harmful
(Bartlett 1963; Hassan et al. 1983; Hassan et al. 1998). The toxicity of sulphur in the
laboratory trials to adult Trichogramma was confirmed by absence of wasps in the field
following sulphur applications. The exact mode of action of sulphur is not well understood.
The primary action of sulphur in pest control appears to be associated with the production of
vapours which displace oxygen and, thus, interfere with target insect or mite respiration. It is
likely that conditions favouring accumulation of high concentrations of sulphur vapours after
spraying will be detrimental to Trichogramma.
The data indicate that sulphur will also affect Trichogramma in other ways. Spraying can
reduce rates of emergence and the rate of parasitism in those females that emerge from
sprayed eggs. Moreover, sulphur spraying of unparasitised LBAM eggs in the field will allow
those LBAM eggs in the field at the time of spraying to escape parasitism because they are
less acceptable to Trichogramma. These findings indicate that sulphur effects cannot be
ignored when planning integrated pest management (IPM) strategies that encourage resident
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Trichogramma populations or use mass releases of Trichogramma as biocontrol agents.
There are alternative sprays for control of powdery mildew such as demethylation inhibitors
(eg. triadimenol), which are recommended as safe to use in integrated control programs
(Hassan et al. 1994, Hassan 1998). However, because sulphur is effective and relatively
inexpensive, in comparison to demethylation inhibitors, its continued use for control of
powdery mildew in vineyards may be desirable. Some strains of powdery mildew have
developed resistance to demethylation inhibitors and these fungicides cannot be used to
control powdery mildew in some vineyards. Moreover, currently, there are no alternative
control options to sulphur for bud mite and rust mite in vineyards. The results reported here
are for one commonly used formulation of sulphur. Other formulations of sulphur may have
less impact on Trichogramma.
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Figure 3. Acceptance of sulphur sprayed (Q) and control ( ) egg masses by T. carverae in
laboratory and field trials. A = percent of egg masses accepted; B = percent of each accepted
egg mass parasitised. Error bars represent standard errors.

Is it possible to develop a protocol that will increase survival of released Trichogramma and
also increase the conservation of indigenous natural enemies? Understanding the impact of
sulphur on inundative releases of Trichogramma made during peak LBAM ovipositional
periods is critical because resident Trichogramma populations provide only partial control at
these periods (L. Thomson, unpublished data). There are generally three distinct generations
of LBAM a year in Victoria (Danthanarayana 1975). The first generation emerges during
April and gives rise to larvae that over-winter and emerge as adults during September and
October. It is this generation and the third generation, that emerges in December, that are
important from a pest perspective. Prediction of peak oviposition times is possible by
monitoring the appearance of adult moths using port wine lure or pheromone traps (Madge
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and Stirrat 1991). Eggs are generally found in the vines approximately 7-10 days after moth
numbers increase (Glenn and Hoffmann 1997), although LBAM egg monitoring is important
to accurately predict oviposition peaks because weather conditions and the stage of vine
development can delay oviposition. Our results show that the deleterious effects of sulphur
are sufficiently reduced by day 6 to have little impact on released Trichogramma. Monitoring
of LBAM adults and eggs should allow growers to spray sulphur well before Trichogramma
need to be released. However, reduced parasitism by resident Trichogramma of LBAM egg
masses in the field at the time of spraying remains a problem.
There are inherent difficulties in sustaining a natural resident population of T. carverae or T.
funiculatum in areas where sulphur applications are made. The lingering decrease in
parasitism by females found beyond the period of high mortality observed in this study and
others (Hassan et al. 1994) will clearly impinge on the ability of Trichogramma to control
LBAM populations. It is apparent that there are sublethal effects of sulphur use not only for
the adults but also other life stages. There may be other more subtle changes to physiological
or behavioural patterns of individuals that can threaten species or population equilibria
(McCahon and Pascoe 1990, Banks and Stark 1998).

12.8 Summary
We assessed the potential impact of sulphur use on released and resident Trichogramma
species (T. carverae, T. funiculatum) in grapevines and devised a protocol to maximise the
potential of Trichogramma and to integrate optimally sulphur treatments with biological
control. For both species, sulphur was harmful to adults and to immature stages developing
within LBAM eggs where it increased mortality and reduced fitness of the emerged wasps.
Releases of Trichogramma 6 days after sulphur spraying prevented the otherwise deleterious
effects of sulphur applications. Hence, we established a period during which sulphur
applications can be made in vineyards where Trichogramma are used.
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13. Communication
Bob Emmett and Martina Bernard
13.1 Communication within the project
Project staff were employed by four organisations located at six sites in Victoria and South Australia
(Appendix 15). Meetings with key project staff were held when required to review R&D plans and
progress, and discuss project-related issues. These meetings included those held at the Institute for
Horticultural Development, Knoxfield Vic. on 25 May 1999, at the Victorian Institute for Animal
Science, Attwood Vic. on 22 October 1999, at the Loxton Centre, Loxton SA on 2 February 2000 and
at the Victorian Institute for Animal Science, Attwood Vic. on 1 September 2000. Operational group
meetings were held regularly throughout the project to plan and organise R&D activities at each site.

13.2 Communication with project stakeholders (GWRDC, R&D agencies and industry
reference groups)
Reports on the project were prepared regularly for project stakeholders (see 13.4 below). These
included progress and annual reports for GWRDC and the project’s lead agency (DPI in Victoria),
and occasional reports for agricultural chemical companies that contributed to the project.
Presentations and notes on the progress and outcomes of work in the project were given to
representatives of the agricultural chemical industry at review meetings held on 19 November 2000, 9
March 2001, 25 June 2001, 17 June 2003 and 3 July 2003 (see 13.5 below). Most of the R&D
activities in the project also involved regular interaction between project staff and staff of key
industry organisations at each location.

13.3 Communication with industry and scientific audiences
Information about the progress and outcomes of R&D on sulphur and its optimal use in management
programs for powdery mildew and mites in vineyards was communicated to scientific and industry
audiences through more than 40 publications and more than 100 presentations (see 13.4 and 13.5).

13.4 Publications
Publications relating to work on the project include those listed below. Information on the project
was incorporated into reports for project stakeholders and industry, into articles in scientific and
industry journals and into papers in the proceedings of scientific and industry conferences and
workshops.
Scientific publications (refereed)
Bernard, M.B., Horne, P.A. and Hoffmann, A.A. (Submitted). Developing an eco-toxicological
testing standard for predatory mites in Australia: Acute and sub-lethal effects of fungicides on
Euseius victoriensis and Galendromus occidentalis (Acarina: Phytoseiidae). Journal of Economic
Entomology (Submitted in 2003).
Carew, M.E., Goodisman, M.A.D. and Hoffmann, A.A. (Submitted). Population genetic structure of
grapevine eriophyoid mites (Acari: Eriophoidae). Experimental Applied Entomology (Submitted in
2003).
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Thomson, L.J., Glenn, D.C. and Hoffmann, A.A. (2001). The effects of sulphur on Trichogramma
egg parasitoids in vineyards: Measuring toxic effects and establishing release windows. Australian
Journal of Experimental Agriculture 40: 1165-1171.
Technical publications (including conference papers and abstracts, industry journal articles, and
notes for industry field days and discussion groups) (non-refereed)
Bernard, M. (2001). The mite workshop: - How to solve rust mite problems in your vineyard:
Integrated management of grapevine rust mite, Calepitrimerus vitis (Nalepa), in Australian vineyards,
with a special regard to its behaviour and control. Abstracts of the 11th Australian Wine Industry
Technical Conference, Adelaide SA.
Bernard, M. (2002). Bud mite control recommendations. Notes distributed (by mail or fax) to grape
grower and winemaker associations in Victoria, South Australia, Tasmania and Western Australia (5
September 2002), Centre for Environmental Stress and Adaptation Research, La Trobe University,
Bundoora Vic.
Bernard, M., Braybrook, D., Hurst, P., Hoffmann, A.A. and Glenn, D.C. (2000). Mites - The classic
’who done it?’ The Australian Grapegrower and Winemaker No. 438: 29-31.
Bernard, M., Carew, M., Hurst, P., Horne, P.A. and Hoffmann, A.A. (2002). Grapevine bud mite,
RSG, and blister mite: an emerging story. The Australian Grapegrower and Winemaker No. 464: 4148.
Bernard, M., Hoffmann, A.A. and Glenn, D.C. (2000). Grapevine rust mite, Calepitrimerus vitis
(Nalepa) - Biology and integrated management in Australia. In “Proceedings of the Fifth International
Symposium on Cool Climate Viticulture and Oenology, Melbourne, Australia. Symposium
sessions”. Fifth International Symposium on Cool Climate Viticulture and Oenology, Melbourne,
Australia. p. 68.
Bernard, M., Horne, P.A. and Hoffmann, A.A. (2001). Preventing restricted spring growth (RSG) in
grapevines by successful rust mite control - Spray application, timing and eliminating sprays harmful
to rust mite predators are critical. The Australian Grapegrower and Winemaker No. 452: 16-22.
Emmett, R.W. (2003). Strategic use of sulphur in integrated pest and disease management (IPM)
programs for grapevines. Final report overview. Notes prepared for meetings with the Australian
agricultural chemical industry. Department of Primary Industries, Mildura Vic. 10 pp.
Emmett, R.W. and Deland, L. (1999). Notes on discussions about sulphur. Meeting Notes, GWRDC
Project DAV 98/1. Agriculture Victoria, Department of Natural Resources and Environment, Sunraysia
Horticultural Centre, Irymple, Vic. 15 pp.
Emmett, R.W. and Lange, C. (2003). A modern approach to disease management. Australian
Viticulture 7: 60-65.
Emmett, R.W., Madge, D.G. and Clarke, K. (1999). Horticulture Hotline 1998-99. (37 Weekly
Phone, PISA Fax and Email Messages). Sunraysia Horticultural Centre, Agriculture Victoria,
Irymple, Vic.
Emmett, R.W., Madge, D.G. and Hawtin, J. (2000). Horticulture Hotline 1999-2000. (38 Weekly
Phone, PISA Fax and Email Messages). Sunraysia Horticultural Centre, Agriculture Victoria,
Irymple, Vic.
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Emmett, R.W., Magarey, P.A., Reynolds, J., Magarey, C.C. and Clarke, K. (2002). Degradation of
sulphur on leaves of grapevines (Vitis vinifera cv. Sultana) and its effect on the development of
powdery mildew. In “Proceedings of the Fourth International Workshop on Powdery and Downy
Mildew in Grapevines”. D.M. Gadoury, C. Gessler, G. Grove, W.D. Gubler, G.K. Hill, H-H.
Kassemeyer, W.K. Kast, J. Rumbolz and E.S. Scott (Eds.), Department of Plant Pathology,
University of California, Davis, CA. p. 58-59.
Emmett, R.W., Magarey, P.A., Reynolds, J., Magarey, C.C. and Clarke, K. (2003). Degradation of
sulphur and the control of powdery mildew on grapevine leaves. In “Proceedings of the Eighth
International Congress of Plant Pathology”. ICPP 2003, Christchurch, New Zealand. p. 276.
Emmett, R.W. and Rozario, S. (2001). Better management of grape powdery mildew. Leaflet
(Revised May 2001) for Mildura Horticultural Field Day. Sunraysia Horticultural Centre,
Agriculture Victoria – Mildura, Natural Resources and Environment, Irymple Vic. 1 pp.
Madge, D.G., Emmett, R.W., Jaeger, C. and Kelly, M. (2001). Horticulture Hotline 2000-2001. (38
Weekly Phone, PISA Fax and Email Messages). Sunraysia Horticultural Centre, Agriculture
Victoria, Irymple, Vic.
Magarey, P.A. (2001). Powdery mildew. Press Release (20 November 2001), Murray Pioneer
Renmark SA.
Magarey, P.A. (2002). Powdery mildew and its control. Field Day Leaflet, Riverland Field and
Gadget Days (11-12 September 2002), Primary Industries and Resources South Australia, Loxton SA.
Magarey, P.A., Emmett, R.W., Wicks, T.J. and Hitch, C. (2002). The phytotoxicity of sulphur
applied to grapevines at high temperature. In “Proceedings of the Fourth International Workshop on
Powdery and Downy Mildew in Grapevines”. D.M. Gadoury, C. Gessler, G. Grove, W.D. Gubler,
G.K. Hill, H-H. Kassemeyer, W.K. Kast, J. Rumbolz and E.S. Scott (Eds.), Department of Plant
Pathology, University of California, Davis, CA. p. 82-83.
Magarey, P.A., Emmett, R.W., Wicks, T.J. and Hitch, C. (2003). Less than expected phytotoxicity
from sulphur when applied to grapevines at high temperature. In “Proceedings of the Eighth
International Congress of Plant Pathology”. ICPP 2003, Christchurch, New Zealand. p. 68.
Magarey, P.A., Magarey, R.D. and Emmett, R.W. (2000). Principles for managing the foliage
diseases of grapevine with low input of pesticides. In “Proceedings of the Sixth International
Congress on Organic Viticulture”, H. Willer and U. Meier (Eds), IFOAM, Stiftung Okologie und
Landbau. Bad Durkheim: Stiftung Okologie und Landbau, Switzerland. p. 140-148.
Wicks, T.J., Emmett, R.W., Hitch, C. and Magarey, P.A. (2002). Post-harvest fungicide applications
– are they worth the effort? Australian and New Zealand Grapegrower and Winemaker No. 461a:
156.
Wicks, T.J. and Hitch, C. (2001). Integrating different chemical groups in spray programs for the
control of powdery mildew. Australian Grapegrower and Winemaker No. 452: 27-31.
Wicks, T.J. and Hitch, C. (2001). Higher sulphur rates improve powdery mildew control. Australian
Grapegrower and Winemaker No. 452: 62-64.
Wicks, T.J., Hitch, C. and Emmett, R.W. (2002). Sulphur rates and powdery mildew control in
Australia. In “Proceedings of the Fourth International Workshop on Powdery and Downy Mildew in
Grapevines”. D.M. Gadoury, C. Gessler, G. Grove, W.D. Gubler, G.K. Hill, H-H. Kassemeyer, W.K.
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Kast, J. Rumbolz and E.S. Scott (Eds.), Department of Plant Pathology, University of California,
Davis, CA. p. 80-81.
Reports, including progress and annual reports for key project stakeholders (non-refereed)


Bernard, M. and Hoffmann, A.A. (2003). Phytotoxicity effects of canola oil (Supastik ) and wettable

sulphur and canola oil (Supastik ) sprays on grapevines (Vitis vinifera) in spring (phenological
stages: bud burst, rosette of leaf tips, and one to four leaves separated). Report for Agrichem
Australia. Centre for Environmental Stress and Adaptation Research, La Trobe University, Bundoora
Vic. 4 pp.
Emmett, R.W. (2000). DFRDC Project DAV 89D. Strategic use of sulphur in integrated pest and
disease management (IPM) programs for dried vine fruit production. Dried Fruits Research and
Development Council Annual Report 1999-2000. Dried Fruits Research and Development Council,
Mildura Vic. p. 36.
Emmett, R.W. (2001). Report on overseas travel to France and Switzerland. Syngenta/Novartis Study
Tour, June-July 2001. Department of Natural Resources and Environment, Mildura Vic. 7.pp.
Emmett, R.W. (2002). Strategic use of sulphur in disease and pest management programs for dried vine
fruit production. Horticulture Australia R&D Project Milestone Report No 6. Natural Resources and
Environment, Mildura Vic. 6 pp.
Emmett, R.W. (2002). DFRDC Project DAV 89D. Strategic use of sulphur in disease and pest
management programs for dried vine fruit production. Annual Report 2000-2001. Dried Fruits
Research and Development Council, Mildura Vic. p. 36.
Emmett, R.W. (2003). Strategic use of sulphur in integrated pest and disease management (IPM)
programs for grapevines. Department of Primary Industries Horticulture Program Progress Report
July-December 2002, Department of Primary Industries, Mildura Vic. 2 pp.
Emmett, R.W. (2003). Strategic use of sulphur in disease and pest management programs for dried
vine fruit production. Department of Primary Industries Horticulture Program Progress Report JulyDecember 2002, Department of Primary Industries, Mildura Vic. 1 pp.
Emmett, R.W. (ed.) (2003). Strategic use of sulphur in disease and pest management programs for
dried vine fruit production. Final Project Report for Horticulture Australia Ltd. Department of
Primary Industries, Mildura Vic. 66 pp.
Emmett, R.W. and project staff (1999). GWRDC Project DAV 98/1. Strategic use of sulphur in
integrated pest and disease management (IPM) programs for grapevines. Grape and Wine Research and
Development Corporation Annual Report 1998-1999. Grape and Wine Research and Development
Corporation, Magill SA. p. 54-55.
Emmett, R.W. and project staff (2000). GWRDC Project DAV 98/1. Strategic use of sulphur in
integrated pest and disease management (IPM) programs for grapevines. Grape and Wine Research and
Development Corporation Annual Report 1999-2000. Grape and Wine Research and Development
Corporation, Magill SA. p. 121.
Emmett, R.W. and project staff (2001). GWRDC Project DAV 98/1. Strategic use of sulphur in
integrated pest and disease management (IPM) programs for grapevines. Grape and Wine Research and
Development Corporation Annual Report 2000-2001. Grape and Wine Research and Development
Corporation, Magill SA. p. 128.
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Emmett, R.W. and project staff (2002). GWRDC Project DAV 98/1. Strategic use of sulphur in
integrated pest and disease management (IPM) programs for grapevines. Grape and Wine Research
and Development Corporation Annual Report 2001-2002. Grape and Wine Research and
Development Corporation, Kent Town SA. (http://www.gwrdc.com.au).
Emmett, R.W., Rozario, S., Jaeger, C., Wicks, T.J., Hitch, C. and Magarey, P.A. (2001). Strategic use
of sulphur in integrated pest and disease management (IPM) programs for dried vine fruit production. In
“Sunraysia Horticultural Centre Annual Report 2000-2001”. L. Jacka (ed.), Sunraysia Horticultural
Centre, Agriculture Victoria - Mildura, Natural Resources and Environment, Irymple Vic. p. 16.
Emmett, R.W., Rozario, S., Jaeger, C., Wicks, T.J., Hitch, C. and Magarey, P.A. (2001). Strategic use
of sulphur in integrated pest and disease management (IPM) programs for grapevines. In “Sunraysia
Horticultural Centre Annual Report 2000-2001”. L. Jacka (ed.), Sunraysia Horticultural Centre,
Agriculture Victoria - Mildura, Natural Resources and Environment, Irymple Vic. p. 16-17.
Emmett, R.W., Rozario, S. and Hawtin, J. (2000). Strategic use of sulphur in integrated pest and
disease management (IPM) programs for dried vine fruit production. In “Sunraysia Horticultural
Centre Annual Report 1999-2000”. L. Jacka (ed.), Sunraysia Horticultural Centre, Agriculture
Victoria - Mildura, Department of Natural Resources and Environment, Irymple, Vic. p. 22.
Emmett, R.W., Rozario, S. and Hawtin, J. (2000). Strategic use of sulphur in integrated pest and disease
management (IPM) programs for grapevines. In “Sunraysia Horticultural Centre Annual Report 19992000”. L. Jacka (ed.), Sunraysia Horticultural Centre, Agriculture Victoria - Mildura, Department of
Natural Resources and Environment, Irymple, Vic. p. 21.
Emmett, R.W., Rozario, S. and Reynolds, J. (2001). Effects of spray programs with fungicides of
different chemistry on the development of powdery mildew on grapevines. Confidential Report to Dow
AgroSciences. Agriculture Victoria – Mildura, Sunraysia Horticultural Centre, Natural Resources and
Environment, Irymple Vic. 12 pp.
Rozario, S. and Emmett, R.W. (1999). Optimal use of sulphur in integrated pest and disease
management programs for grapevines. Progress report prepared for the Wingara Wine Group, Iraak,
Vic. Sunraysia Horticultural Centre, Agriculture Victoria, Department of Natural Resources and
Environment , Irymple, Vic. 7 pp.
Wicks, T.J., Hitch, C. and Hall, B. (2001). Report to Syngenta on the evaluation of Thiovit® for the
efficacy and crop safety of increased rates for the control of powdery mildew on grapevines. South
Australian Research and Development Institute, Adelaide SA. 35 pp.

13.5 Presentations
Presentations relating to work on the project include those listed below. Information on the use of
sulphur was presented in messages delivered to grape growers through the Horticulture Hotline service
at Mildura, through radio and television interviews and at viticulture, wine industry and chemical
industry conferences, seminars and discussion group meetings, at field days and in Research to Practice®
and chemical industry workshops in Victoria, South Australia, Western Australia and New South
Wales. Oral and poster presentations were also made at international scientific and industry meetings,
workshops and conferences in France, Switzerland, USA and New Zealand.
Information on the use of sulphur for grapevine powdery mildew control was mostly presented by
Bob Emmett, Trevor Wicks and Peter Magarey. Information on the biology of rust and bud mites and
the use of sulphur for mite control in vineyards was predominantly presented by Martina Bernard. In
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addition to the presentations listed below, copies of posters and/or notes on the management of
powdery mildew or mites were distributed to grape growers (by email, mail or fax) either directly or
through chemical resellers or manufacturers, in response to numerous phone or email enquiries.
Seminars and conference, workshop, meeting, discussion group and field day presentations
(Number* = Number of participants)
Bernard, M. (2000). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the King Valley Grape Growers Association, Moyhu Vic. (August 2000)
(>60*).
Bernard, M. (2000). Biology and integrated management of rust and bud mites on grapevines.
Presented at: IAMA Yarra Valley Grape Growers Field Day, Lilydale Vic. (August 2000) (>50*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: BSc Viticulture Third Year Student Lecture and Laboratory Class, La Trobe University,
Bundoora Vic. (March 2001) (8*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Talkfest, Centre for Environmental Stress and Adaptation Research, La Trobe
University, Bundoora Vic. (June 2001) (>40*).
Bernard, M. (2001). Update: Biology and integrated management of rust and bud mites on
grapevines. Presented at: Meeting of the King Valley Grape Growers Association, Whitfield Vic.
(June 2001) (>70*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Southcorp Grape Growers Day, Great Western Vic. (18 July 2001) (>150*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Grapecheque Discussion Group Meeting, Great Western Vic. (18 July 2001) (>25*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Southcorp Grape Growers Day, Great Western Vic. (19 July 2001) (>40*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: BRL Hardy Grape Growers Day, Clare SA (15 August 2001) (>80*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: BRL Hardy Grape Growers Day, Tintara Winery, McLaren Vale SA (15 August 2001)
(>60*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the Alpine Valleys Winemakers and Grape Growers Association, Myrtleford
Vic. (17 August 2001) (>30*).
Bernard, M. (2001). Biology and integrated management of rust and bud mites on grapevines.
Presented at: IPM Fruit Team Meeting, Institute for Horticultural Development, Knoxfield Vic.
(September 2001) (15*).
Bernard, M. (2001). How to solve rust mite problems in your vineyard: Integrated management of
grapevine rust mite, Calepitrimerus vitis (Nalepa), in Australian vineyards, with a special regard to
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its behaviour and control. Presented at: “The Mite Workshop, 11th Australian Wine Industry
Technical Conference”, Adelaide SA (11 October 2001) (46*).
Bernard, M. (2002). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the New England Vignerons Association, Glen Innes NSW (1 September
2002) (>20*).
Bernard, M. (2002). Update: Biology and integrated management of rust and bud mites on
grapevines. Presented at: Meeting of the King Valley Grape Growers Association, Moyhu Vic.
(September 2002) (>60*).
Bernard, M. (2002). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the Langhorne Creek Grape Growers Association, Langhorne Creek SA
(September 2002) (>120*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Seminar, Department of Primary Industries, Knoxfield Vic. (July 2003) (>15*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the Langhorne Creek Grape Growers Association, Langhorne Creek SA (15
August 2003) (>120*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Wine Industry Forum, Department of Primary Industries, Knoxfield Vic. (22 August
2003) (>60*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Guest Lecture, Institute of Food and Land Resources, Melbourne University, Parkville
Vic. (29 August 2003) (>30*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Meeting of the Hilltop Vineyards Association, Young NSW (19 September 2003)
(>60*).
Bernard, M. (2003). Biology and integrated management of rust and bud mites on grapevines.
Presented at: Guest Lecture, Institute of Food and Land Resources, Melbourne University, Parkville
Vic. (October 2003) (>20*).
Emmett, R.W. (1999). Strategic use of sulphur for the control of grapevine powdery mildew.
Presented at: IPM Viticulture Research to Practice® Training Workshop Third Day, Sunraysia
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14. Recommendations and project outcomes
Bob Emmett
14.1 Recommendations for industry
Strategies for the optimal use of sulphur in integrated pest and disease management (IPM) programs
for grapevines are summarised below.
Powdery mildew management (Bob Emmett, Trevor Wicks and Peter Magarey)
• Recommendations for the strategic use of sulphur for powdery mildew control in vineyards with a
history of disease were developed on the basis of results from studies in this project (GWRDC
Project DAV 98/1) and in HA Project DG 99001 (Emmett 2003).
• Grape growers should carefully follow label recommendations when they use the fungicides
discussed below.
• Where possible, the timing and number of sprays applied for powdery mildew control should be
adjusted to patterns of expected disease activity, based on district experience and/or weatherbased forecasts. This should increase the efficiency of spray programs. Excessive use of sulphur
or other fungicides is undesirable because of unnecessary adverse side effects on biological
control organisms in vineyards.
• High volume wettable sulphur sprays for rust mite control, thoroughly applied to the bark and
frame of vines when temperatures are at least 15oC at the woolly bud stage or just after bud burst
(Chapters 11.1), should also reduce populations of over-wintering powdery mildew cleistothecia
and may delay disease appearance in spring. In particular, this is likely to apply to cool climate
vineyards, where large numbers of cleistothecia that over-winter in vine bark are the main source
of primary inoculum each season.
• Studies in California USA (Doug Gubler, unpublished data) showed that high volume sprays of
wettable sulphur applied as a drench to vine bark when the temperature is at least 10oC can be
used to stimulate the release of ascopores from mature cleistothecia.
• This technique can be used to reduce primary inoculum from cleistothecia because ascospores
released in the absence of green vine tissue (eg. at the woolly bud stage) or when young growth
is thoroughly covered with a sulphur spray (eg. just after bud burst), will die without causing
primary infection.
• The application of these sprays, however, does not appear to reduce powdery mildew infection
in buds. Hence, in vineyards where diseased shoots (flag shoots, arising from infected buds)
are the main source of inoculum, spray applications at woolly bud or just after bud burst may
not delay the appearance of disease in spring.
• In warm climate vineyards (eg. in the Sunraysia or Riverland districts), sprays of wettable sulphur
or alternative fungicides for powdery mildew control should be applied at 2 weeks after bud burst
(when shoots are around 10cm with 5-6 separated leaves), at 4 weeks after bud burst (when shoots
are around 20-30cm with 8-10 separated leaves), at 6-7 weeks after bud burst (at pre-flowering
when shoots have 12-14 leaves) and/or at 8-10 weeks after bud burst (at berry set or post
flowering, when berries are around 2mm).
• In cool climate vineyards, three sprays of wettable sulphur or alternative fungicides should be
applied at regular intervals before flowering. In some seasons, the commencement of spray
programs may be delayed and/or intervals between sprays extended because of periods of reduced
vine growth in cold weather.
• The sprays above are required to prevent infection by spores from primary sources of inoculum
[ie. cleistothecia, or diseased (flag) shoots that have developed from infected buds].
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• These sprays are also required to prevent spread of disease early in the season on young
susceptible vine foliage and bunches.
• Further sprays at 2-3 week intervals from berry set to berry softening may be needed, especially in
disease-prone vineyards.
• These sprays are often required to protect young berries, bunch stems and foliage from midseason secondary infection.
• Use of wettable sulphur at the recently introduced, highest recommended rate of application for
powdery mildew control (ie. 600g/100L) should increase the persistence of sulphur on vine
foliage and increase disease control.
• This is important early in the season (from 2 weeks after bud burst until after flowering),
especially in vineyards with a recent history of disease.
• When this project commenced, the recommended rate for wettable sulphur (eg. Thiovit®) was
200g/100L for dilute spray application.
• Research on the degradation and efficacy of sulphur in this project and HA Project DG 99001
(Emmett 2003) showed that sulphur efficacy could be improved by increasing application
rates.
• Subsequently, some chemical companies conducted further trials and registered a higher rate of
application (600g/100L) for their formulations [eg. Thiovit® Jet (Clarke 2002)] to improve
powdery mildew control.
• Grape growers now have the option of using sulphur at two rates of application for powdery
mildew control (ie. 200g/100L or 600g/100L).
• Grape growers, however, should check product labels before they use sulphur fungicides.
Higher rates of some products are only registered for use on wine grapes at this stage.
•

Adjuvants such as wetter/spreaders or oils do not need to be tank mixed with sulphur sprays.
• In studies in HA Project DG 99001 (Emmett 2003), the addition of these adjuvants did not
improve disease control when sprays were thoroughly applied to vines.
• There were also indications that the addition of oils to sulphur spray solutions may increase
the incidence of phytotoxicity on young vine growth in some circumstances.
• On labels, most suppliers of sulphur fungicides do not recommend the use of adjuvants with
their products.

•

Sulphur fungicides (eg. Thiovit at 200g/100L or 600g/100L) can cause phytotoxic effects on
vine foliage and bunches in some circumstances, especially when relative humidity exceeds 75%
and temperatures are above 30oC. This should be considered when sprays are applied in
vineyards.
• Factors that can affect the incidence of phytotoxicity include interactions between
temperature, humidity and the rate of sulphur application.
• Observations in field studies indicate that some formulations of wettable sulphur (eg.
Thiovit) can be applied without causing phytotoxicity, even at high temperatures, when
humidity is low (RH <70%).
• Potential for sulphur phytotoxicity appears to be increased when some formulations with very
small sulphur particles (<1µm) are used, high rates of sulphur are applied, some adjuvants
(eg. oils) are used with sprays, and/or when temperature and humidity is high during or just
after spray application.
• Although some sulphur products can be applied at high temperatures when humidity is low,
applications are not recommended by some manufacturers when temperatures are above 35oC
because deposition of spray droplets on vine surfaces is impaired at these temperatures.
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•

The application of 1-3 correctly timed DMI fungicide sprays in sulphur spray programs should
improve the control of powdery mildew, especially when sulphur is applied at 200g/100L.
• When sulphur was applied at 200g/100L, spray programs with sulphur and DMI fungicides
provided better control of powdery mildew than programs with sulphur when disease potential
was high.
• However, when wettable sulphur was applied at 600g/100L, the efficacy of sulphur spray
programs was similar to sulphur and DMI programs, in which sulphur was applied at
200g/100L.

• Spray programs with sulphur and fungicides with at least two other types of chemistry may also
provide better disease control than programs with sulphur alone, especially when sulphur is
applied at 200g/100L.
• Apart from DMI fungicides, other fungicides with chemistry that is different to sulphur and can
be used for powdery mildew control include strobilurin and quinoline fungicides.
•

In sulphur and DMI fungicide spray programs, DMI sprays should be applied before and after
flowering for optimum control of powdery mildew in most seasons.
• In these spray programs, optimum disease control was achieved when DMI sprays were
applied to protect vines over periods of most rapid disease increase or highest disease
potential.
• In wine grape vineyards in the Sunraysia and Riverland districts, the period of highest disease
potential is around flowering in most seasons.

• In the absence of information on the effects of higher sulphur application rates on the persistence
of sulphur on grape berries and residues in wine grapes, growers could follow wine industry
recommendations for sulphur spray withholding periods where required.
• Withholding periods for pesticide treatments, including sulphur fungicides, are specified
annually by the Australian Wine Research Institute (AWRI), Adelaide SA and by individual
wine companies.
• Post-harvest sulphur sprays may be worthwhile in some vineyards to maintain the health of vine
foliage between harvest and leaf fall, especially if there is a long period between harvest and leaf
fall. However, careful consideration should be given to the need for these sprays because their
application may, unnecessarily, adversely affect populations of predators of pest mites in
vineyards.
• The benefits of post-harvest sprays in relation to the overall seasonal management of powdery
mildew in most vineyards are debatable (Wicks et al. 2002).
• In some situations, post-harvest sprays may reduce the development of powdery mildew
cleistothecia on vines in the post harvest period.
• However, this may not significantly affect levels of over-wintering powdery mildew inoculum
and subsequent disease development in spring, especially if substantial numbers of
cleistothecia are present on vines and/or significant levels of other forms of over-wintering
inoculum (eg. bud infections) have developed, before the post-harvest sprays are applied.
• Post-harvest sulphur sprays also do not control rust mites (see 11.1.6). Furthermore, they may,
unnecessarily, reduce populations of mite predators in vineyards.
• In addition to the above recommendations, efficient and effective powdery mildew control is
reliant on good spray coverage on vine canopies and bunches.
• In particular, grape growers should account for vine canopy size and architecture (through the use
of unit-canopy-row, distance-based calibration or other techniques) when adjusting spray rates and
volumes. They should also follow product manufacturer’s recommendations, especially for
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maximum concentration factors in relation to sulphur spray volumes, and use efficient and
correctly calibrated spray machinery.
• Research in this project and other projects has shown that an adequate dose of sulphur (or an
alternative fungicide) is required on the surface of all vine foliage and bunches to prevent
powdery mildew development.
• Warren (1998) found that a dose of at least  J VXOSKXUFP2 was required on the surface of
grapevine leaves to prevent germination of powdery mildew conidia. These studies indicated
that wettable sulphur sprays should be applied thoroughly, and at a high enough application
rate, to achieve this minimum dose on surfaces of the vine canopy for effective powdery
mildew control.
Management of rust mites (Martina Bernard, Paul Horne and Ary Hoffmann)
• Detailed recommendations for the strategic use of sulphur for rust mite and bud mite control in
Australian vineyards are outlined in Chapter 11.1.
• These recommendations were developed on the basis of results of studies in this project
(Chapters 8 and 9).
• The recommendations, along with those for the control of bud mites, should provide good
control of ‘restricted spring growth’ (RSG, Chapter 8) caused by mite infestations.
• In relation to rust mite control, the recommendations provide more effective control at a
reduced cost, as indicated by the cost-benefit analysis in Table 1.
Table 1. Cost benefit analysis of spray recommendations for rust mite control (Chapter 11.1).
Spray recommendations before this research
Rust mite spray
Cost per ha per spray
Summary and notes
Product Labour and
($)
machinery
($)
Lime sulphur spray (10L lime
70
50
Total annual cost = $226-237/ha.
sulphur/100L)at the advanced woolly
At least three sprays without
bud stage
achieving control.
Wettable sulphur spray (200g
3
50
sulphur/100L) in summer before
harvest (more than one spray often
used)
Wettable sulphur spray after harvest
3-14
50
(200-600g sulphur/100L)
New spray recommendations based on this research*
Wettable sulphur spray (600g
8
Total annual cost = $58-98/ha.
sulphur/100L) at the woolly bud stage
50
One spray with excellent
control.
Wettable sulphur (600g
48
sulphur/100L) and canola oil
(20L/100L)** at the woolly bud stage
* Cost of the new spray is not recurrent after 2-4 years where sprays that reduce populations of rust
mite predators are not used.
** Cost of canola oil can be offset by use of a recycling sprayer.
Product costs/ha: 2000-2001 season estimates, Elders Pty. Ltd.
Labor/machinery cost/ha: 2001-2002 season estimates P. Read, Symphonia Vineyard Pty. Ltd., Myrrhee Vic.

Management of bud mites (Martina Bernard, Melissa Carew, Pamela Hurst, Paul Horne and Ary
Hoffmann)
• Preliminary recommendations for the strategic use of sulphur for bud mite control in Australian
vineyards are outlined in Chapter 11.2.
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•

These recommendations were developed on the basis of results of studies in this project
(Chapters 8 and 9).

Biological control of lightbrown apple moth (Linda Thomson, DeAnn Glenn and Ary Hoffmann)
• If Trichogramma parasitoids (T. carverae) are released in vineyards to control lightbrown apple
moth (LBAM), releases should be conducted at least six days after the application of wettable
sulphur to minimise the effects of the sulphur spray on the released organisms.

• Laboratory and field studies indicated that sulphur (Thiovit applied at 200g/100L) is
harmful to adult Trichogramma wasps as well as to immature stages contained within LBAM
hosts because it increased mortality and reduced fitness of the emerged wasps.
• Persistence trials showed that release of Trichogramma wasps six days after sulphur has been
sprayed will reduce the harmful effects of sprays on the released organisms.
•

To avoid the effects of sulphur sprays on resident Trichogramma parasitoids in vineyards (ie. T.
carverae and/or T. funiculatum), other chemicals should be used.

14.2 Recommendations for future R&D
Degradation of sulphur on grape berries
• The degradation of sulphur on grapevine leaves was studied in this project. Residues on leaves
after a single spray were persistent and their rate of degradation was influenced by application
rate.
• Similar degradation studies are required for sulphur on grape berries. The deposition and
degradation of sulphur on the surface of grape berries is likely to be different to that on leaves.
• With the introduction of higher application rates, sulphur residues on fresh and dried grapes are
likely to be higher if sulphur sprays at the higher rate are applied later in the season and before
harvest. The implications of this for grape product quality should be clarified.
• Potential sulphur residue problems could be addressed by restricting the use of sulphur at higher
application rates to earlier in the season, but further R&D is needed to support this strategy.
Sulphur phytotoxicity
• Studies in this project provided some information about factors associated with sulphur
phytotoxicity.
• Further R&D is needed, however, to increase understanding of the interaction between factors
such as temperature, humidity and/or sulphur application rates that promote phytotoxicity. The
condition of vines when sprays are applied may also warrant consideration.
• Increased knowledge of conditions associated with phytotoxicity would be the basis for providing
more definite advice on how to consistently prevent sulphur damage to vines.
Effects of pesticides on predators of pest mites and insects in vineyards
• More information is required on the effects of registered pesticides on predators of mite and insect
pests in vineyards, in addition to knowledge developed in this project (Chapters 9 and 12).
• This information will allow grape growers to select spray chemicals that are less toxic to key
predators of rust mites, bud mites and other pests. This will ensure that outbreaks of pests like
rust and bud mites are not promoted by the inappropriate use of chemicals. Also, in the long term,
fewer sprays will be used for sustainable pest control.
• This research will be addressed in GWRDC Project LT 02/01. The project will provide grape
growers and wine companies with information about chemicals, similar to that used by producers
in the European Union, to ensure sustainable grape and wine production with minimal chemical
use.
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Biology and management of bud mites on grapevines.
• Although preliminary recommendations for the control of bud mites have been developed on the
basis of current knowledge, further research on the biology and management of bud mites is
needed to consolidate these recommendations.
• Periods of mite exposure to sprays on different varieties and optimum rates of sulphur required
for bud mite control should be determined.
• Poor bud burst on Merlot and some other varieties should also be investigated to see if these
conditions are caused by bud mites.
Mite identification
• Often bud dissection services do not provide accurate information on the types of mites found
inside dormant buds.
• As a result, most growers cannot decide if and when they need to apply sprays for mite control
when reports indicate that unidentified mites are present. These unidentified mites could be rust
mites, bud mites, other pest mites or predators of these mites.
• Training workshops on mite identification and bud dissection would assist grape growers and
consultants.
• Potentially, more rapid tests for the presence of bud mites in dormant buds could also be
developed using the genetic markers produced in this project (Chapter 10). This would reduce
the need for time consuming bud dissections to assess mite populations and indicate spray
requirements before bud burst.
Effects of rust mite damage on foliage in summer on grape maturation
• Further research is needed to fully evaluate the effects of summer rust mite damage (bronzing of
foliage) on grape maturation and quality.
• Research in this project showed that bronzing of vine foliage caused by moderately high rust mite
populations did not reduce the rate of maturation of grapes on Cabernet Sauvignon vines in the
Yarra Valley Vic. in a hot summer, when conditions were very favourable for ripening.
• However, in cool summers, severe bronzing of vine foliage may delay ripening, reduce grape
quality and expose crops to damage by bunch rots (eg. Botrytis rot).
• Severe leaf bronzing is likely to interfere with stomatal function, retard gaseous exchange in
leaves and reduce the rate of photosynthesis. Other studies have shown that other rust mite
species (eg. apple rust mite) have negative effects on gaseous exchange in leaves of other crops.

14.3 Key project outcomes
Some key outcomes of the R&D on sulphur in this project and HA Project DG 99001 (Emmett
2003) include the following.
• Increased knowledge of:
• Degradation and phytotoxicity of sulphur on grapevine foliage.
• Use of sulphur for the management of grapevine powdery mildew in vineyards.
• Introduction and initial industry adoption of higher application rates of some sulphur
formulations (eg. Thiovit Jet) for improved control of powdery mildew in vineyards.
• Recommendations for the use of sulphur and other fungicides in spray programs for more
effective control of powdery mildew.
• Increased knowledge of biology and management of grapevine rust and bud mites.
• Recommendations for the effective and efficient control of rust mite populations and RSG in
vineyards (Chapter 11.1).
• Extension and widespread initial industry adoption of the recommended rust mite management
strategies.
• Preliminary recommendations for the control of bud mite populations and damage to spring
growth of vines (Chapter 11.2).
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• Increased knowledge of the effects of sulphur on the parasitism of lightbrown apple moth by
Trichogramma parasitoids.
• Recommendations for the use of sulphur in vineyards to minimise adverse effects on the
biological control of lightbrown apple moth.
• Integrated strategies for the optimal use of sulphur in programs for the control of grapevine
powdery mildew and mites.
• Increased efficiency and effectiveness of IPM programs in Australian wine and dried grape
vineyards when strategies for the optimal use of sulphur are applied.
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15. Appendices
Bob Emmett
15.1 Communication
Communication of the progress and outcomes of research in this project is summarised in Chapter 13.

15.2 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.

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

15.4 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 GWRDC Project DAV 98/1 in 1998-2002.
Name
Position
Department of Primary Industries, Primary Industries Research Victoria, Mildura Vic.
Dr Bob Emmett
Senior Plant Pathologist (Project Leader)
Shelley Rozario
Research Officer (1998-2000)*
Julie Hawtin
Technical Officer (1999-2000)*
Christiane Jaeger
Technical Officer (2000-2001)*
Department of Primary Industries, Primary Industries Research Victoria, Knoxfield Vic.
DeAnn Glenn
Senior Entomologist (1998-2001)*
Primary Industries and Resources South Australia, South Australian Research and Development
Institute, Department of Horticulture Pathology, Plant Research Centre, Adelaide SA
Dr Trevor Wicks
Senior Plant Pathologist
Catherine Hitch
Plant Pathologist
Kent Davies
Technical Officer (2001-2002)*
Primary Industries and Resources South Australia, South Australian Research and Development
Institute, Loxton Centre, Loxton SA
Peter Magarey
Senior Plant Pathologist
Centre for Environmental Stress and Adaptation Research, La Trobe University, Bundoora, Vic.
Prof. Ary Hoffmann
Professor
Dr Pamela Hirst
Research Assistant
Dr Linda Thomson
Post graduate student
Martina Bernard
PhD student (2000-2002)*
Grape and Wine Research and Development Corporation, Goodwood SA
Dr DeAnn Glenn
Programs Manager (2001-2002)*
* Years in brackets indicate the period of work on the project.
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