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Å...is a widespread,
insidious fungal disease

Åcaused by the fungus 
Erysiphe necator

(formerly Uncinula necator )

Åfavoured by mild cloudy weather

1. Overview
Powdery mildew
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... is unique among diseases:

Åit grows on the outside of the 
plant.  Consequently, it is

Åexposed to UV light and to

Åfungicide sprays...!

Åit grows without free water,
and is ...

Powdery mildew
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Å... a dry weather disease!

Åso, it could be called
ΨtƻǿŘŜǊȅ-ŘǊȅΩ aƛƭŘŜǿ

Åin contrast with
Ψ5ƻǿƴ-ƘƛƭƭΩ aƛƭŘŜǿ
- which needs water to
spread

Powdery mildew
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Powdery mildew

Åƛǎ ŀ Ψgreen diseaseΩ

Åinfects all green parts of 
the vine

! J
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... is driven by the amount of 
inoculum inherited from last 
season

Powdery mildew
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Åearly season control is critical

Åto win the battle ...

... control next ǎŜŀǎƻƴΩǎ    
disease this season!



2. Epi-Season ςǘƘŜ ΨǎŜŀǎƻƴ ƻŦ ŀƴ ŜǇƛŘŜƳƛŎΩ

Åpowdery mildew disease cycles over two 
growing seasons

Åƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ Ψseason of epidemicΩ 
covers two growing seasons

Åthat is, powdery mildew has a
two-ȅŜŀǊ Ψepi-ǎŜŀǎƻƴΩ



2. Epi-seasons (cont)

Åthe disease is usually best controlled early 
in the epi-season 

Åcontrol of powdery, early in the epi-
season, ie in the first growing season ...

... leads to easier management later in the 
epi-season, ie the second growing season

Å[ŜǘΩǎ ƛƴǾŜǎǘƛƎŀǘŜ ΦΦΦ ōǳǘ ŦƛǊǎǘΣ ǘƘŜ ǎȅƳǇǘƻƳǎ



ÅYellow-green blotches
- topside

Looks like 

Ådowny mildew

Åherbicide damage
- especially  paraquat

On leaves 1
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3. Manage the Disease
3.1 Symptoms



Symptoms on leaves 2

Leaf blotches have:

Åirregular edges of faded 
yellow, 

Åand, develop brown 
veinlets on undersides

Looks (a little) like

Ådamage by
rust mite
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Symptoms on leaves 3

ÅAsh-ƎǊŜȅ ǇƻǿŘŜǊȅ ΨƳƛƭŘŜǿΩ

ïspores (conidia and conidiophores)

ïweb-like fungal growth (mycelia)

ÅLooks like an aerial view of
ŀ Ψgrassy paddockΩ ςon
both sides of leaves

Looks like 
ωdowny mildew
όΨǎŎŀǘǘŜǊŜŘ ǘǊŜŜǎΩύ

ωblister mite 12



Symptoms on leaves 4

Åwhen young, spots are best seen by 
tilting the leaf at an angle into the 
light
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Åyoung leaves are

Åvery susceptible

Åblade is distorted, 
curled up

ÅLooks (a little) like
bud mite damage

Symptoms on leaves 5



Cleistothecia visible on

Åolder infected leaves

Åon mature colonies

Åthey form within 30 days 
of union

Symptoms on leaves



Symptoms on shoots 1

Ågreasy grey patches
on green shoots

Åred-brown blotches on 
canes



Symptoms on shoots 2

Flag shoots

Åleaves curled up

Åshoots stunted

Åoily grey blotches

Looks like

Åbud mite damage



Symptoms on berries

ÅBrown web-like patterns

ÅGrey-white powdery
growth ςthe spores

ÅLater, speckles
yellow and black
(cleistothecia)
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Symptoms on bunches
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ÅGrey-white spores rub off

ÅBerries split when severe

ÅBerry stalks with
greasy blotches

Looks like

ω LBAM damage

ω bunch stem necrosis

ωmechanical berry stem damage

ωwater stressed berries



3.Manage the Disease
3.2 Monitoring

¸ Survey the battlefield
Monitor
¸ the vineyard
ςEyes and feet

¸Target, Timing, Technique
20

tǊŜǇŀǊŜ ŦƻǊ ǘƘŜ ΨōŀǘǘƭŜΩ 



Monitoring the Vineyard 

Why monitor?

Ådetect disease early 

Åestablish disease history

Ådefine areas of risk in the vineyard

Ådecide whether or not to spray

Åtime controls correctly

Åassess effectiveness of control
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Where to monitor?

Åpreviously infected areas, flag shoot sites 
and leaves nearest cordons and spurs

Årepresentative vines in blocks

Åmost susceptible varieties

Åinside biggest, densest canopies

Åsprayed areas to check for effective control
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How to monitor?
Åcheck 200+ vines ς95% confidence

Åexamine foliage inside the developing 
canopy ςpowdery grows best in shaded 
locations away from UV light

Ålook for flagshoots ςtag the site

Åscan as many leaves as possible

Åtake a hand lens to look for the powdery 
mycelia, spores and cleistothecia
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When to monitor?

Å2 weekly intervals from budburst to 
veraison; and...

Å7-10 days after spraying



3. Manage the Disease
3.3 Disease cycle
Powdery overwinters in:

ÅInfected buds

ïproduce diseased shoots called flag shoots

ïflagshoots produce spores that
spread disease

ÅCleistothecia

ïƭƛƪŜ ΨŀǇǇƭŜǎΩ ƻƴ ǘƘŜ ŦǳƴƎǳǎ ΨtreeΩ

ïrelease ascospores that also spread disease 



Powdery does not overwinter on:

ÅInfected buds, or

ÅOld canes ςblotches show where
the disease was; not where it is

ÅRemember powdery is a ΨƎǊŜŜƴΩdisease
- the fungus dies on suberised (brown) tissue

ÅUV light kills the pathogen on exposed 
surfaces ςfree of charge!



Flag shoots

Infected Buds

Dispersion of conidiospores

Infection SpotsIncubation period

Dispersion  of ascospores

Cleistothecia

Millions of spores are dispersed in the wind

New cleistothecia form on mature lesions

The Disease Cycle



This Season:

Åspores spread disease (mostly from flagshoots)

Åfungal growth (hyphae), infect the buds

Åyoung buds are most susceptible for 2-3 weeks

Infected buds



Infected buds

Åhyphae, lie dormant and
survive overwinter
inside buds

Next Season:

Åhyphae grow when the
diseased buds burst ...

Å... and produce flagshoots

Åthen conidia from flagshoots 
produce new infection on leaves



Cleistothecia - fruiting bodies

ωform late in the season

ωonly on mature colonies of 
mildew that overlap

ωie only where severity is high

ωchange from yellow to black
as they mature

ωfall from where they form

ωand, overwinter on bark, leaf litter



Ascospore

ωrelease ascospores in spring

ωƴŜŜŘ ƻƴƭȅ җ нΦрƳƳκ җмлoC

ωactively eject ascospores
into the air

ωwind and water dispersed

ωlower surfaces of lower    
leaves most infected

ωhyphae grow on leaf surface 

Cleistothecia

Germtube



Germtube

Åconidia and/or ascospores

germinate

and infect, within 2-3 hours

Åhyphae grow ...

Å... and produce new
conidiospores within җ 5-12 days

Åspores are wind dispersed

Åcausing new infection

Infection
Haustoria

Hyphae

Rapid cycling



Conditions for production
of spores and spread
Åmild temperature 20 - 28oC [at >35oC it is said to 

be lethal but in field practice this is not true] 

Åhumidity 40%+  [at RH >40%, powdery grows at 
about x2 the speed, mostly because of increased 
rate of spore production]

Ålow light [especially inside dense canopies]
ςmeans less UV light



1. Vineyard design/culture

ωvine row orientation

ωcanopy type

ωtrellising

ωpruning

ωLeaf plucking and 
shoot trimming

3. Manage the Disease
3.4 Management Options

ҍfor good ventilation           less RH, less mildew, and
ҍspray penetration and coverage           good control
ҍBut, all this has a minor effect compared to ...



3.4 Management Options 
2. Reducing Inoculum Reservoirs

Ågrapevine powdery spores (inoculum) comes
... only from grapevines

Åmost (all) early season inoculum comes
... from within 200-300 m of your vines

Åthis means that your inoculum (mostly) comes
... from your vineyard, and ...
... your action determines your level of mildew!



Reduce Inoculum Reservoirs 2

ÅSo, where is the inoculum in my vineyard? ...
Åinfected buds           flag shoots         conidia,
and
Åcleistothecia             ascospore infection

ÅHow do I best manage my inoculum? ...



Reduce Inoculum Reservoirs 3
Åcommon practice has focussed controls around 

flowering
Åthis protected the fruit in the current season but 

did little for the next ...
ÅResult: need to spray intensively each year ....!
ÅBut,  ... some forensics!
Åfruit infection comes from leaf inoculum
Åleaf inoculum comes mostly from flag shoots 

(and some ascospore infection)
Åflag shoot inoculum comes from bud infection



Reduce Inoculum Reservoirs 4
For this season, infection of leaves starts early 

season, from flag shoot inoculum at/just after 
budburst, so ...
Åto control leaf infection, focus controls at/near 

budburst!
ÅThis will prevent/reduce:
Åleaf inoculum and fruit infection this year;
Åwith fewer sprays and, because inoculum 

loads are less,
Åless risk of fungicide tolerance 



Reduce Inoculum Reservoirs 5
To control the disease next season too, use
ÅLag Phase control; and
Åknowledge of EpiSeasons:

ÅThis approach is best for powdery because
it means controlling the disease when spore loads 
ŀǊŜ ƭƻǿŜǎǘΣ ŘǳǊƛƴƎ ǘƘŜ ǎƭƻǿŜǊΣ ŜŀǊƭȅ ǎŜŀǎƻƴΣ ΨƭŀƎ 
ǇƘŀǎŜΩ ƛƴ ŘƛǎŜŀǎŜ ŘŜǾŜƭƻǇƳŜƴǘ
ÅƭŜǘΩǎ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜǎŜ ŎƻƴŎŜǇǘǎ ΦΦΦ



Reduce Inoculum Reservoirs 6
First, Lag Phase Control:
ÅConditions in the canopy are usually close to 
optimum for disease progress in most regions                         

disease spreads at maximum rates
ÅΨwIΩ ŀƴŘ Ψ¢ŜƳǇΩ usually are not controlling factors 
ΦΦΦ ōǳǘ Ψ¢ƛƳŜΩ Ґ І Řŀȅǎ ŦǊƻƳ ōǳŘōǳǊǎǘΣ ƛǎ ƪŜȅ
Åsuppose we start with 2 spores, tomorrow we 

have 4 spores, then successively ...
Å8, 16, 32, 64, 128, 256, 512, 1,024, 2,048, 4,096, 
уΣлллΣ мсΣлллΣ онΣллл ǎǇƻǊŜǎΦ  [ŜǘΩǎ Ǉƭƻǘ ǘƘŜǎŜ ΦΦΦ  
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Reduce Inoculum Reservoirs 7
Å[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ǊŜŀǎƻƴǎ ŦƻǊ ƭŀƎ ǇƘŀǎŜ 

control ... 
... and  explore the epi-season concept 



Lf 1Bb 1 Fl 1 V 1 H 1
10

Bb 2 Fl 2 V 2 H2 Lf 2
21

Flag shoot
conidia 

infection

Cleistothecia

Spores 
spread

New 
Cleistothecia

New buds 
Infected

Legacy
Cleistothecia

Infected 
Buds

Inheritance
Ascospore 
infection

Infected 
Buds

1 EpiSeason = 2 Growing Seasons



Lf 1
10

Bb 1 Fl 1 V 1 H 1 Bb 2 Fl 2 V 2 H2 Lf 2
21

1 EpiSeason = 2 Growing Seasons

Flatten the 
lag phase

Reduced disease 
potential for
next season

Extend the 
lag phase

Further 
reduce disease 

next season

Doing it 
better!



ÅFollow the ¢ƘǊŜŜ ¢Ωǎ of good spray practice and 
achieve excellent long-term control of powdery:
ÅTiming
ÅType
ÅTechnique

Management options 
3. Fungicide spraying



1. Spray Timing
Åuse knowledge of epi-seasons to develop a spray 

strategy that suits you, but ...
ÅΨ[ŀƎ tƘŀǎŜΩ ǎǇǊŀȅƛƴƎ is the key
Åspray early in Season 1 for good control inSeason2
Åapply intensive control in successive seasons, to 

lessen inoculum reservoirs
ÅResult: fewer sprays will be needed long-term

3. Fungicide spraying



The possibilities:
ÅA survey of Riverland winery spray diaries showed 

for powdery:
Åan average of 6-7 sprays/season were applied
Årange varied from 2-13/season
Åthe number of sprays applied was not related 

to the effectiveness of control achieved
Åŀ Ψп-ǎǇǊŀȅΩ ǇǊƻƎǊŀƳ ŀŎƘƛŜǾŜŘ ŀǎ ƳǳŎƘ ŀǎ
ŀƴ Ψу-мл ǎǇǊŀȅΩ ǇǊƻƎǊŀƳ
Åmore effective spraying with fewer sprays is a 

realistic goal



ÅThere are some useful options for control:
Åbuds become resistant to infection within

3-4 weeks of appearing (bud-burst)
Åberries become resistant within 4-5 weeks of 

flowering
Åspray intensively to protect the windows of 

crop susceptibility
Åmost leaf infection is triggered in the lag phase 
ςthe first 40 days from bud-burst
Åstart sprays at 2, 4, 6 (10) ςat Weeks 2, 4, and 6 

from budburst (or 3 sprays before flowering)



2. Type
Åall registered fungicides work well
Åabout 15 different active ingredients (~65 products)

ÅMain product types and groupings now (previously):
ÅSulphur M2 (Y6)

ÅDMI 3 (C)

ÅAmines (eg Prosper®) 5 (E)

ÅStrobilurins 11 (K)

ÅPhenoxyquinoline (eg Legend®) 13 (M)

Å[Copper M1 (Y2)]
ÅSee the AVCARE website: www.avcare.org.au



Sulphur
ÅaŀƴΩǎ ƻƭŘŜǎǘ ŦǳƴƎƛŎƛŘŜ - no fungicide resistance 

despite centuries of use!
Åcheaper; works well if sprayed well
Åbest at high rate 600 g/100L
Ådirect contact and volatile action
Åpowdery grows on the surface
ςis killed readily
Åpre- and post-infection activity

= protects and kills!

ςGroup M2; since antiquity



Sulphur (cont)
Åvolatile activity - best >200C; limited <150C 
Åcontact activity at any temperature but needs 

good spray coverage of upper and lower surfaces
Ågenerally not phytotoxic at high temperatures 

(>300C) unless RH >75%
Åbest to spray, on calm evenings after a hot day
Åa single application effective on very high levels 
ƻŦ ƳƛƭŘŜǿ Χ ŦƻǊ  Ҕпп ŘŀȅǎΗ
Åalso controls rust mites at bud-burst



DMI
Åeg Bayfidan®, Mycloss®, Topas®
Åtranslaminar activity = across/within leaf ƳƻǾΩǘ
Ґ ǇŀǊǘƭȅ ǎȅǎǘŜƳƛŎ ōǳǘ ƴƻǘ ƛƴ ǘƘŜ ΨǇƭǳƳōƛƴƎΩ
ie covers a partly sprayed leaf
ÅTopas ® with has a limited volatile action but is 
ǘƘŜ ōŜǎǘ ƻŦ ǘƘŜ 5aLΩǎ ƛƴ ǘƘƛǎΦ  .Ŝǎǘ ŀǘ Ҕнл0C.
ÅSingle-site fungicides, prone to resistance
Åpre- and post-infection activity

= protects and kills!

ςDǊƻǳǇ оΤ ƭŀǘŜ мфулΩǎ



DMI
Ågood to use where spray coverage is limited
Åhigher cost
Åno more than 3 times in a season and in many 

cases on no more than 2 consecutive sprays
ÅǇƻǘŜƴǘƛŀƭ ǘƻ ǳǎŜ 5aL ŦǳƴƎƛŎƛŘŜǎ ƛƴ ΨƭŀƎ ǇƘŀǎŜΩ 

strategies, to reduce bud-infection



Strobilurin

Åeg Amistar®, Flint® and Cabrio®
Åthe first fungicides in this family were isolated
from wood-rotting mushroom fungi 
eg Strobilurus tenacellus
Åtranslaminar = ie covers a partly sprayed leaf
Åneed good coverage and dose, to compensate for

across-leaf reduction in fungicide concentration
Åsingle-site fungicides, prone to resistance
Åalso control downy mildew, an advantage

ςDǊƻǳǇ ммΤ ŜŀǊƭȅ мффлΩǎ



3. Technique
Åexcellent spray coverage needed to ensure inner 

shaded parts of the canopy receive maximum 
protection
ÅSpray volumes L/ha
ÅDormant  200
ÅWooly bud to early flowering 500
ÅLate flower to pre-bunch closure 750-1,000
ÅBunch closure to vintage 1,000-1,500



Powdery Mildew - Conclusion: 
ÅAim to:
Åreduce # infected buds this year and so,

reduce # flag shoots you produce next season
Åstop disease build-up this season and so, stop 

your production of cleistothecia
Åover a five year period, reduce the reservoir of 

inoculum in your vineyard and reduce the 
number of sprays you need
Åreduce vineyard inputs to achieve better 

outcomes ςdo it better!




