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Grape leafroll associated virus Grape red botch (associated virus)

Both pathogens impact crop vigor, yield and quality, 

(reduced photosynthesis, delayed fruit maturation, lower Brix, fruit chemistry)



Outline – Vector Control and GLRaV

 GLRaV Control Programs
a) leafroll and mealybugs

b) leafroll epidemiology (difference with GRBV)

 Mealybug Controls
a) insecticides – current studies
b) biological controls – a review
c) mating disruption

 Areawide or strategic control for GLRaV
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Which leafroll species (or strain) do you have?

Sharma et al. PLoS One. 2011
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photo courtesy of Deborah Golino

Mealybugs are also vectors 
grape leafroll associated viruses (GLRaVs)
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Importance of 

vectors in 

movement of 

GLRaV are seen 

in Deborah 

Golino’s 2002-

2006 mapping of 

annual 

movement
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GLRaV Insect Vectors

• >700 plant viruses

• ca. 70% have insect, 

mite, nematode or fungal 

vectors

Pulvinaria scaleLecanium scale

Mealybugs

• GLRaV–3 is a closterovirid… and 

most closterovirids are vectored by 

whiteflies, aphids, soft scales and 

mealybugs
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Long-tailed mealybug

(Australia)

Gill’s mealybug

(native – southeastern US)

Which vector do you have?

In California, 7 MB & 3 scale species 

known as vectors of GLRaV

Grape mealybug

(native)

Obscure mealybug

(South America)
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Vine MB is a Mediterranean native – probably brought in by a grower

Daane et al. 2017, PLoS One
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California

Mexico

Israel

Egypt

South Africa

Argentina
Western 

Europe

Tunisia

Turkey

Daane et al. 2017, PLoS One
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Vine MB as an Invasive Species in California

1998-

2001

20081994

Well establishedA few vineyardsFirst reported



Tsai et al. 2010, J Econ Ent

Wistrom et al. 2016, J Econ Ent

There is no vector-pathogen specificity or fidelity
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Key Transmission Facts – Acquisition

Crawlers acquired (AAP) virus w/in 1 hr, peaked at 24 hr

Tsai et al. Phytopath. (2008)



November 11-13, 2019 | San Luis Obispo, California

Key Transmission Facts – Acquisition

Crawlers transmitted (IAP) virus w/in 1 hr, peaked at 24 hr

Tsai et al. Phytopath. (2008)



Semi-persistent transmission

(lost after 4-5 days, or each molt)

Tsai et al 2008, Phytopathology
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Grape mealybug

Vine mealybug

(Mediterranean)

Transmission efficiency
0.1 vs 100% efficiency equals 

“1 in 1000” MB vs “1” MB for transmission

MB efficiencies for GLRaV-3

Vine MB

Grape

Obscure

Longtailed

Gill’s

5-50% lab

1-30% field

Percentage efficiency is variable and 

dependent on vector, virus, vineyard 

and environment.

Vine mealybug

Obscure mealybug



How long before GLRaV Symptoms occur?

10 grape MB per plant (single leaf)

48 h acquisition (in lab)

48 h inoculation (in field)

1
 J

u
ly

Blaisdell et al. 2016 European J Plant Pathology
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Outline – Vector Control and GLRaV

 GLRaV Control Programs
a) leafroll and mealybugs

b) leafroll epidemiology (difference with GRBV)

 Mealybug Controls
a) insecticides – current studies
b) biological controls – a review
c) mating disruption

 Areawide or strategic control for GLRaV
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In 1952-53, in a 

Tulare Co. table 

grape vineyard with a 

history of grape 

mealybug infestation, 

excellent control 

(<1%) was achieved 

with low rates of 

parathion [summary]
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In the 1990s, Chemical Industry and UC sought alternates 

to in-season OPs and Carbamates

Admire
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Lorsban
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Daane et al. 2006 Cal Ag
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Since the 1990s, there are many novel materials. 
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Wunderlich et al. unpubl data
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Modified after: http://www.uic.edu/classes/bios/bios100/lectf03am/translocation.jpg

Spirotetramat (SPTA) 

Spirotetramat metabolite 

(SPTA Enol) 

Understanding the systematic uptake of pesticide

Foliar spray
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Spirotetramat

Enol

Enol-Glc

Ketohydroxy
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Spirotetramat is a tetronic acid derivative and acts as a lipid biosynthesis 

inhibitor. Lipids (fats, oils, waxes, vitamins, hormones) are essential to 

an animal’s existence. Spirotetramat is effective against juvenile stages 

(like a growth hormone), but can reduce adult fecundity and fertility. 

Death also occurs because mealybugs will have their energy transport 

system disrupted and should cease movement.

Spirotetramat

Enol

Enol-Glc

Ketohydroxy
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Average and Individual samples
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Example of some of the results
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Example of some of the results
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Example of some of the results

Different vines, same row
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Questions we have been trying to address:

• Timing & methods of application

• Location & age of pest population

• Vine physiology

• Conversion of SPAT to SPAT-Enol?

• Movement of SPAT & SPAT-Enol
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Question we are asked: is resistance to Movento developing
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6.14

So we have visited a number of farms with large mealybug 

populations, which have been treated with a number of 

products, but in most cases we have found an explanation 

other than resistance is more plausible – in this case we 

simple can’t find the Spirotetramat or Enol in the vine, in other 

cases the product was applied too late in the season

2.41



Green & brown lacewings

Native beetles

Mealybug destroyer beetle

Predaceous midge (fly)

Many parasitoid species
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BioControls: Anagyrus pseudococci (female – left, male – right)

Imported decades ago for citrus and Comstock MBs, more recently for VMB
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Insecticides and Natural Enemies

For most crops, selection of pesticides is the primary method to 

conserve natural enemies – even more important the cover crops

At this time, we haven’t seen any negative aspects of Movento on 

natural enemies

pyrethroids
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Mating Disruption for the  Vine Mealybug
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Work began with Jocelyn Millar – a pheromone chemist at 

UCR and Walt Bentley – UC IPM.

Identified mealybug sex pheromones to monitor mealybug 

spp. in grapes (Miller et al. 2002 J Econ Entomol)
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The VMB sex pheromone was 

relatively inexpensive to produce, 

and field studies for monitoring VMB 

suggested the pheromone was both 

(A) stable and (B) effective

Walton et al. 2004 Crop Protection

Millar et al. 2002. J Econ Ent
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Period: 2003 and 2004*

Crop Destruct: Small plots (0.2-0.3 ha) in raisin 
vineyards

2004 Design: Applied sprayable 
microencapsulated pheromone (10 g / ha) every 
3 wks (20 Apr to 18 Jul); split-plot, 5 reps

Insecticides: Buprofezin on all plots (in 2003 
plots also received chlorpyrifos)  

Measured: Male VMB flight, 
mealybug density via timed-counts, rated crop 
damage.

Small-plot studies with sprayable formulation

Walton et al. 2006. J Econ. Ento
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Small-plot studies with sprayable formulation

M
a
le

 m
e
a
ly

b
u
g
s
 p

e
r 

tr
a
p
 p

e
r 

w
e
e
k

May 1 Jun 1 Jul 1 Aug 1Sept 1 Oct 1 Nov 1 Dec 1

0

50

100

150

200

Apr 1

Control

Mating disruption

Pheromone

November 11-13, 2019 | San Luis Obispo, California



Miller et al. 2002 J Econ Entomol. 

Walton et al. 2006 J Econ Entomol

Control Pheromone
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Daane et al. unplublished

Large-plot studies with plastic dispensers

Period: 2005 to 2008, 2016 to present

Experimental permit for use: Large plots (5-20 ha) 
in raisin and wine vineyards

Typically Design: Deployed plastic dispensers (100-
150 mg a.i. / dispenser, one application per season, 
ca. 250 / ac), split-plot, 4-6 reps per region.

Insecticides: Variable (early vs recent studies)

Measured: Male VMB flight, mealybug density via 
timed-counts, rated crop damage.

November 11-13, 2019 | San Luis Obispo, California



Daane et al. unplublished
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Could “meso” dispensers (50/ha) reduce costs? 

Lower labor costs .. but fewer ‘point’ sources
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Puffers for pheromone 

release may reduce costs 

further, requiring only 

placement of  4  puffers / ha, 

and automating pheromone 

release to time of day

Could “puffers” reduce costs? (Welter & Kurtural)

Lower labor costs & better release control….
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Pacific BioControl Dispensers 2018-2019
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Outline – Vector Control and GLRaV

 GLRaV Control Programs
a) leafroll and mealybugs

b) leafroll epidemiology (difference with GRBV)

 Mealybug Controls
a) insecticides – current studies
b) biological controls – a review
c) mating disruption

 Areawide or strategic control for GLRaV
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Cabernet
Sauvignon

(2008)

Grape MB &
Red Blotch (?)

Grape MB &
GLRaV-3

In a newly planted 
block, two treatments: 
insecticides vs control
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Can we simply kill 
all mealybugs for 
GLRaV control?

Two annual 
applications of a 
combination of 
either Applaud, 

Admire, Clutch or 
Movento
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Can we simply kill 
all mealybugs for 
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61 ha

Spray Volume: 100 GPA; Air-blast Sprayer; label rate (Applaud 12 oz per ac)
Clutch & Moventoon 21 June 2011, Applaud & Assail on 7 July 2011

Planococcus ficus, Lodi-Woodbridge wine grapes, Lodi, CA

Insect growth regulator
Applaud (Buprofezin)

Neonicotenoids
Admire (Imidacloprid)

Clutch (Clothianidin)
Assail (Acetamiprid)

OPs and Carbamates
Lorsban (Chlorpyrifos)*

Lannate (Methomyl)*
Dimethoate*

*Listing here materials still effective
and still registered (leafhoppers)

Biosynthesis inhibitor
Movento (Spirotetramet)

69 ha
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Areawide control trial in Napa (study 2011-2012, ongoing programs)

69 ha

61 ha
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Comparison of traps in hotspots between years
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Work from Monica Cooper with ‘spatial-temporal’ dynamics of the grape 
mealybug – still one of the more common vectors and is associated with 

movement of the pathogen when the pathogen is present in the vineyard, 
suggesting that ‘removal of diseased vines [is] a tool to mitigate further damage”

GLD vinesGrape MB
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Areawide control trial in Napa (study 2011-2012, ongoing programs)

69 ha

61 ha

Rouging

infected

vines is 

a key 

element, 
and 

often 

difficult 

to accept
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Insecticides for ‘high density’
Mating disruption to prevent spread

Summary 1
Mealybugs will get 

into the vineyard and 
are difficult to 

completely remove.

Summary 2
If there is little/no 

leafroll, then 
mealybugs are not a 

problem.

Summary 3
Weigh the costs of 

vine removal now vs 
block removal later.
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Conclusions & Questions
 Different mealybug species in California vineyards – all vector GLRaV.

 Chemical controls remain the most common tool: Movento, Belay, Admire (and 
generic), Assail, Platinum, Venom, Applaud, Sivanto; materials for organic growers 
are don’t provide same level of control.

 Mating disruption for vine mealybug to maintain low densities – a lot more 
potential with the sprayable formulation.

 Excellent bio-controls for grape MB, and partial bio-control for vine MB; ants have 
a negative impact on bio-controls and a mating disruption has a positive 
interaction.

 Mealybugs vector GLDs and this changes control decisions – start thinking about 
areawide control as the best program.
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Thank you – Questions?

kmdaane@berkeley.edu



C. montanus

Scaphytopius spp.Aceratagallia spp.

Melaniolarus sp.
(Cixiidae)

A. angulatus

C. coquilletti

Grapevine Red Blotch Virus (GRBV)

S. festinus
(Membracidae)



Organism Positive / Total % Pos. Pop. Freq

Erythroneura elegantula 1/161 <1% High Low

Aceratagallia spp. 1/59 2% High Low

Empoasca sp. 1/51 2% High Low

Spissistilus festinus 5/39 13% Med Med

Scaphytopius spp. 14/24 58% Med High

Acinopterus angulatus 1/31 3% Med Low

Melanoliarus sp. 1/23 4% Med Low

Caladonus coquilletti 5/8 63% Low High

Colladonus montanus reductus 1/2 50% Low High

Grapevine Red Blotch Virus (GRBV)
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Acinopterus angulatus 1/31 3% Med Low

Melanoliarus sp. 1/23 4% Med Low

Caladonus coquilletti 5/8 63% Low High

Colladonus montanus reductus 1/2 50% Low High
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