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Introduction
‘Sooty mould’ refers to the fungal colonisation of ‘honeydew’ excreted by sap-sucking insects,
typically scale or mealybug. The symptoms include a black or soot-like colouration of grapes, vine
leaves, canes and cordons. A number of scale species are known to inhabit Australian grapevines, but
damage is typically so low that intervention is not required. Some incidences of sooty mould have
been reported since at least 2012. In vintage 2017, a significant number of reports of sooty mould
caused by scale insects were received by the AWRI helpdesk from the Adelaide Hills (AH) and
Langhorne Creek (LC) regional associations. The extent of the problem was such that blocks of
grapes were being rejected as being unsuitable for winemaking. Scale insects have not traditionally
been considered a significant pest in vineyards, so when the issues this season arose, the factors likely
to have triggered the outbreak were not known.
This project was developed with the aim of identifying and understanding the factors and conditions
which can lead to increases in scale populations and differences in the incidence and severity of sooty
mould within blocks in the same vineyard and between vineyards in the same region. To this end, in
the autumn pre-harvest period of 2017, the incidence and severity of sooty mould in selected
vineyards was recorded and mapped to identify hotspots and unaffected areas. In addition, the spray
records of the chemicals used in the recent past (up to four years prior) were obtained. During the
following winter period in 2017, the maps produced from the autumn scouting were used to target
different areas for assessment of scale populations.

Materials and methods
With guidance from the regional associations, 20 vineyards were identified (11 in LC and 9 AH) and
assessed for sooty mould in March/April 2017. One of these vineyards was certified organic and
followed organic principles. Shiraz vineyards were targeted because different varieties are known to
vary in their susceptibility to scale infestation and Shiraz is commonly planted across both regions
investigated. The incidence and severity of the sooty mould was assessed on five individual bunches
at each of approximately 120 locations across the 20 blocks. Incidence was denoted as the presence or
absence of sooty mould on each bunch and severity was denoted at the proportion of each bunch that
was infected. A diagrammatic key, originally designed for powdery mildew (Scott et al. 2015), was
used to support the disease assessor and the same person completed all the disease assessments,
except for 50% of one block. This ensured consistency in assessment between blocks and regions. In
addition to completing a disease assessment at each sample point, an image was taken from below the
canopy and the leaf area index (canopy size) was calculated using a method similar to Macfarlane et
al. (2007). The geospatial sampling and analysis was modelled on the method used by Bramley et al.
(2011) to map powdery mildew and botrytis. To ensure the samples were appropriately spaced across
the blocks to allow geospatial analysis, a spreadsheet was developed that calculated the optimal
sample positions (row and vine spacing) for the 120 samples in a regular grid array based on the block
area, row number, row spacing and vine spacing. At approximately 10% of the sample positions an
additional assessment was made to allow the short range spatial structure to be analysed if needed. As
a differential GPS was not available, the vine positions were determined based on the recorded row
and vine number, and the coordinates calculated using trigonometry from a reference point (normally
the corner of the block) taken from a Google Earth image. When the ends of the block were not
straight, further adjustments were made to the sample locations based on the Google Earth image. For
each block the disease severity and leaf area index were interpolated using ordinary global kriging to
a 2 metre grid (Bramley and Williams 2001).
In the June to August winter dormancy period (normally after pruning), the overwintering populations
of scale were assessed. Sites within each block were targeted based on the sooty mould assessment
maps to see if scale presence correlated with sooty mould levels from the previous season. In blocks
where sooty mould was observed prior to harvest, twelve sites within each block were chosen (four
low, four medium and four high severity locations) for assessment as a relative measure within the
vineyard. When no sooty mould was observed in the block, twelve assessment sites were chosen at
random. The assessment involved peeling back four 2 cm x 1 cm strips of bark on the dormant spurs
or canes and counting the number of juvenile scale that were present (Figure 1).
Spray diaries for the four preceding seasons were sought from participating vineyards. When
provided, the fungicide and insecticide use was entered into a spreadsheet. Where agrochemicals
identified by Thompson (2012) as having a hazardous impact on beneficial insects were used, a
toxicity rating was allocated to the spray based on the value provided by Thompson (2012).
Spray diary information was obtained for 16 of the 20 blocks. In total, forty-six spray diaries from
vintage 2014 to 2017 were received. The data recorded about the fungicide and insecticide sprays
applied included: the active constituent; the timing (date and growth stage) of application; the rate of
chemical (per ha and 100 m row) applied; and the amount of water (per ha and 100 m row) applied.
Based on this information, the ecological impact of each spray was rated based on the toxicity rating
table provided in Thompson (2012).

Figure 1. Evidence of juvenile scale populations when strips of bark were removed from two-year old
wood

Results and discussion
Incidence and severity of sooty mould

In a typical fruit assessment protocol, a 3% disease severity level would trigger a downgrade of the
block, and levels above 6% could lead to rejection. Vineyard scouting in autumn for sooty mould
identified varying levels of disease ranging from 0-58% severity and 0-100% incidence (Table 1).
Based on these assessments, 50% of the blocks assessed would typically have been rejected and 10%
downgraded.

Table 1. Severity and incidence of sooty mould after assessment of 20 blocks across Adelaide Hills
and Langhorne Creek
Region
Langhorne Creek
Adelaide Hills
Adelaide Hills
Adelaide Hills
Adelaide Hills
Adelaide Hills
Langhorne Creek
Langhorne Creek
Langhorne Creek
Adelaide Hills
Adelaide Hills
Langhorne Creek
Adelaide Hills
Langhorne Creek
Langhorne Creek
Langhorne Creek
Langhorne Creek
Langhorne Creek
Adelaide Hills
Langhorne Creek

Severity
0.0
0.0
0.0
0.1
0.1
0.2
0.3
1.8
4.6
4.7
6.7
15.2
16.1
16.5
17.6
20.0
20.3
30.1
48.5
58.4

Incidence
0.0
0.0
0.0
1.7
3.6
7.8
3.9
14.0
33.7
87.3
47.4
43.5
88.2
81.9
83.6
80.8
78.0
97.5
100.0
100.0

Spatial trends in canopy size, disease incidence and overwintering scale numbers

The maps of sooty mould severity suggested there was a geospatial driver for its occurrence, with
virtually all blocks where the disease was present containing ‘hot spots’ with a high disease severity
and other sections of the block where there was little disease present. As expected. the maps of
canopy size also showed distinct geospatial patterns, while this was not formally tested it is expected
that this pattern would be similar to a plant cell density image of the block (Hall et al. 2008). The
maps of canopy size and sooty mould severity were compared for all of the blocks (Figure 2). Unlike
other diseases such as powdery mildew and botrytis, there was no relationship between the size of the
canopy and disease severity. This suggests that a dense canopy does not favour the formation of sooty
mould or shelter the scale from predators or control measures. Scale are relatively immobile, and
areas with the highest incidence of sooty mould may have simply been where the scale first became
established in the block. There was also little evidence to suggest that the scale were being spread
along the vines rows by machinery; as the patterns of severity did not run parallel to the rows.

Figure 2. Maps of the sooty mould severity (left column) and canopy size (leaf area index) (right
column) in five blocks with high sooty mould infections. Sooty mould severity and canopy size are
mapped as relative values across each individual block. Red denotes higher sooty mould severity and
lower canopy size. Blue denotes low sooty mould severity and higher canopy size. Note the lack of a
relationship between canopy size and sooty mould severity and that the sooty mould did not appear to
be spreading along the vine rows.

Once the blocks that had been treated with insecticide to control scale were removed from the
analysis, a consistent relationship was seen between the severity of the sooty mould and the
overwintering juvenile scale population across both Langhorne Creek and the Adelaide Hills (Figures
3 and 4). This appears to confirm that high scale numbers are the primary cause of the sooty mould
and that locations with high scale and sooty mould severity in one season are likely to experience it
again in the following season.

A sooty mould infection of 3% severity is often a trigger for wineries to downgrade or reject fruit.
Low levels of overwintering scale (less than one per square centimetre) were associated with sooty
mould infections of 3% severity during the previous season. Assuming that scale/sooty mould
epidemics follow a similar pattern in every season, then an observation of one overwintering scale per
square centimetre is a threshold where treatment should be considered. It should be noted that the
scale numbers were assessed in the season following the disease assessments, so a direct cause
(number of scale in spring) and effect (sooty mould severity at harvest) could not be determined.

Figure 3. The relationship between the severity of sooty mould observed prior to harvest and the
number of overwintering juvenile scale the following winter (closed circles) in Langhorne Creek.
Scale = 0.132 Incidence + 1.70, R2 = 50.5, p < 0.001. Three blocks were treated with insecticide prior
to the scale assessment and these results were removed from the analysis (open circles).

Figure 4. The relationship between the severity of sooty mould observed prior to harvest and the
number of overwintering juvenile scale the following winter (closed circles) across nine blocks in the
Adelaide Hills. Scale = 0.144 Incidence + 1.03, R2 = 60.2, p < 0.001. Two blocks were treated with
insecticide prior to the scale assessment and these results were removed from the analysis (open
circles).

On one occasion two adjacent blocks were assessed for sooty mould that had been pruned differently
(cane vs or spur pruning) but otherwise managed using consistent practices (irrigation, pesticide
application harvest date etc.) (Figure 5). This provided the opportunity to investigate the impact of
pruning method on the geospatial pattern of the sooty mould severity. The average severity in the spur
pruned block (48%) was higher than in the cane pruned block (16%). Where the area of high sooty
mould severity in the spur-pruned block bordered the cane-pruned block, the high severity did not
cross the boundary between the blocks. This strongly suggests that the pruning method has a strong
effect on the number of scale present and the sooty mould severity, most likely due to a larger portion
of the scale’s overwintering habitat being removed from the cane-pruned vines.

Figure 5. The distribution of sooty mould across two adjacent blocks in the Adelaide Hills that are
managed in the same manner except for the pruning method, cane-pruned (red outline) and spurpruned (green outline). Note that the distribution of the sooty mould infection (red) does not progress
across the boundary from the spur-pruned block into the cane-pruned section of the vineyard.

Analysis of spray practices
The spray diary evaluation revealed a very strong bias towards the use of sulfur for powdery mildew
control across all vineyards except the organic vineyard (one sulfur spray in four seasons). Filtering
the data for fungicide sprays, 75% included a product containing elemental sulfur. High levels of
sulfur usage have been identified as having the greatest negative impact on beneficial insects in
viticulture (Thompson, 2012). The toxicity of sulfur to beneficial insects increases as the rate applied
per hectare increases and over half of the sulfur sprays were at levels considered harmful to beneficial
insects (Table 2). Five fungicide sprays were typically applied in each season; however, in the high
disease pressure 2016/17 growing season, 6.5 sprays were applied on average. The total amount of
sulfur applied per hectare averaged around 20 kg, but in the 16/17 growing season it was 24.5 kg. Not
including the organic vineyard which typically used no sulfur, the lowest and highest rates of sulfur
applied were 8.1 kg/ha and 40.2 kg/ha respectively.
Table 2. Total sulfur applied per spray per hectare.
Sulfur applied
(kg active constituent/ha)
Low: < 3
Moderate: 3 - 4
High: 4 - 6
Very high: > 6

Proportion (%)

Toxicity rating

47
38
14
1

1 (harmless)
2 (slightly harmful)
3 (moderately harmful)
4 (harmful)

Between 20 and 40% of the vineyard spray diaries investigated showed the use of a broad-spectrum
insecticide, depending on the season. The primary goal of these applications was light brown apple
moth control (86% of the time), with scale (7%) or mealybug (7%) also targeted. The active
constituents used that were considered broad-spectrum insecticides were buprofezin, chlorpyrifos and
indoxacarb. These products have control activity against a range of insect types and are considered to
be harmful to beneficial insects. Of these insecticide sprays, 13 out of 14 (93%) were applied during
the growing season, when beneficial species are more likely to be active, compared to the winter
period.
A toxicity rating was allocated to those sprays where active constituents listed in Thompson (2012)
were used, and a season-long toxicity impact for each seasonal spray program was determined. Figure
6 shows the toxicity rating for the vineyards where spray diaries were provided. The block order is
based on the severity of sooty mould determined in the assessment from low severity (left) to high
severity (right). In south-eastern Australian vineyards, values below 4 (green) have been found to be
linked to higher numbers of beneficial species, while values above 15 (red) have been linked to a
decrease in numbers of beneficial species. Based on this assessment, over 30% of the vineyard spray
programs are likely to be detrimental to beneficial insect populations and only 11% favourable to the
presence of beneficial insects.
Figure 6 reveals a poor relationship between the toxicity ranking of the spray programs provided and
the severity of sooty mould recorded. Some of the most toxic spray programs had low levels of sooty
mould. Some of this can be explained by the use of broad spectrum insecticides which control scale.
However, there were instances (LC12 and LC14) where relatively low toxicity programs did not
prevent high sooty mould presence in the vineyard. The spray programs from those blocks did include
some high rates of sulfur being applied, which if sprayed at a susceptible time for beneficial species,
could have had a detrimental impact on the population. Analysis of the sulfur spray data revealed that

more than 50% of the sulfur applied was at levels identified as negatively impacting beneficial
insects. The organic vineyard spray program had the lowest toxicity scores, with one sulfur spray in
four years and no sooty mould detected.
Figure 7 plots the relationship between sooty mould severity or incidence with the average toxicity
rating of the sprays applied to the block over multiple seasons. The results confirm those shown in
Table 6, that there was no relationship found.
Weather factors (not investigated in this project) could also have contributed to the scale population
flare-up and subsequent sooty mould issue. It is possible that environmental factors this season were
suited to scale insect survival or unsuitable to its predators or parasitoids. The 2016/17 season was
characterised as generally cooler and wetter in Langhorne Creek and Adelaide Hills than in recent
years. Heatwaves, a relatively common feature of summers in these regions, were missing and this
might have allowed more scale insects to survive.

Figure 6. Toxicity of spray programs to beneficial insect populations where < 4 favourable (green);
>15 unfavourable (red). LC = Langhorne Creek; AH = Adelaide Hills. Numbers on x-axis denote
disease severity, with higher numbers representing higher severity; blocks ordered left to right from
low severity to high severity. * denotes spray programs that included insecticides targeted at scale or
of broad-spectrum insecticides that could contribute to scale control.

Figure 7. Average toxicity rating of a vineyard spray program across multiple seasons and the sooty
mould severity (upper) and incidence (lower) measured in the vineyard in vintage 2017.

Conclusions
•
•
•
•

Where a high severity of sooty mould was assessed at harvest, high levels of scale infestation
were found in the following winter.
Sooty mould severity was not related to canopy size.
Cane pruning appeared to reduce the severity of sooty mould relative to spur pruning.
No relationship was found between the toxicity of spray programs to beneficial species and
the severity or incidence of sooty mould.
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