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() Current Research on Vine Mealybug

= 1. Mealybug Controls

a) damage - a review

b) insecticides - current studies

c) biological controls - a review

d) mating disruption - final comments

2. GLRaV Control Programs

a) mealybug-leafroll epidemiology
b) areawide controls

3. Red Blotch

a) are mealybugs or any insects vectors
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Vine MB is 1 of 4 important
invasive mealybug species
(sets us apart)
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Vine MB causes more damage

1) more eggs (higher fecundity)

2) feeds on leaves
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Grape méalybug
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Vine MB causes more damage [ B,

1) more eggs (higher fecundity)§
2) feeds on leaves |
3) more honeydew excretion
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Vine MB causes more damage
- more eggs (higher fecundity)
- feeds on leaves
- more honeydew
- more generations
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Daane, Walton, Daugherty, submitted J Econ Entomol, based on femperature cabinet studies, field validation in some areas.
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& 1, Mealybug Controls

b) insecticides - current studies
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Previous studies with insecticides
® Movento is typically the best product
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Fruit damage (% category)

Previous studies with insecticides
® Movento is typically the best product
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Previous studies with insecticides

® we are working to find out how Movento moves

Fruit damage (% category)
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Spray Volume: 100 GPA, Air-blast Sprayer; label rate.
Vine mealybug (P. ficus) was the target pest; Lodi, CA.
Movento and Belay applied May 29, 2012

Applaud and Assail applied June 20, 2012

Belay additionally applied to all plots July 20, 2012



Why are VMB sometimes hard to kill?
® population on the leaves can be controlled
® fruit generally remain clean
® population on the trunks and roots harder to kill

Pict: M. Battany

some failures are not failures — but a delay in kill



Our Goals: better VMB on the trunk
® test applications in the spring and early fall
e different vineyards, regions & cultural practices

Modified after : http://www.ipm.ucdavis.edu/PMG/GARDEN/IMAGES/INVERT/Icgtapemealy.jpg



Our Goals: better VMB on the trunk
® test applications in the spring and early fall
e different vineyards, regions & cultural practices

Modified after : http://www.ipm.ucdavis.edu/PMG/GARDEN/IMAGES/INVERT/Icgtapemealy.jpg



Understanding the systemic movement of pesticides
e Example from the early work with Admire
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For most materials — timing and coverage is critical

Courtesy of Haviland & Rill (Kern County):
Timing of Movento may impact levels of control
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In most trials the earlier application (April)
had better control in Kern County table grapes trials.



For most materials — timing and coverage is critical

Courtesy of Haviland & Rill (Kern County):
Timing of Movento may impact levels of control

Flames, Edison, CA
i . sMay 27, 2012

Work by Bentley (2010) & Daane (2012) in Fresno Co.
showed applications from April - May were equally effective



Understanding the systematic uptake of pesticide

® Timing of application

® Location of pest population
® Vine factors (e.g., vine age)
® Pest population stage

DORMANT
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Castle &
Haviland




Understanding the systematic uptake of pesticide

XX 4m OSpirotetramat (SPTA)
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cell

Modified after: http://www.uic.edu/classes/bios/bios100/lectfO3am/translocation.jpg



Factors

Age of vineyards: 6 to 25 years old vines
Irrigation type: drip vs. flood
Type of vines:
® Table grapes (Crimson, Thompson)
® Raisin grapes (Selma Pete, Thompson)
® Wine grapes (9 varieties)
Grafted vs. non-grafted
Different rootstocks
Presence of girdle
Different pesticide application rates
Geographical area
Level of VMB infestation and location on the vine



Area and level of infestation
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‘ Lodi, heavy infestation

Napa, moderate infestation

(O Fresno, light infestation
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Testing the extraction QuUEChERS method for leaves

DAD1 A, Sig=250,4 Ref=off (MOVENTO_SC 2015-08-24 08-50-47\065-0501.D)
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Spirotetramat and Spirotetramat enol mg / liter

25

207

157

10 -+

8 0z Movento applied 22 May
Leaf petiole samples

5 days after treatment

12 yr old Crimson, flood irrigation

Spirotetramat
B Spirotetramat enol
Zero |

Average 1 23 45 6 7 8 91011121314151617 181920

Average and Individual samples




Spirotetramat and Spirotetramat enol mg / liter
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Spirotetramat and Spirotetramat enol mg / liter
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Spirotetramat and Spirotetramat enol mg / liter

400

300 -

200

100 -

7.5 oz Movento 31July, 4.5 oz Movento 22 October
Upper trunk sample
87 and 4 days after treatments

10 yr old Thompson seedless
flood irrigation
Spirotetramat
Bl Spirotetramat enol
1 2 3 4 5 6

Average

Average and Individual samples



()| Current Research on Vine Mealybug

& 1, Mealybug Controls

c) biological controls - a review
d) mating disruption - final comments




Anagyrus pseudococci - female
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Problem I: Mealybug Location
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Oviposition date

Problem ITI. Parasitoid Overwintering Biology

15 Mar -

28 Feb

23 Jan -

19 Dec

15 Nov

18 Oct ~

Outdoors (ambient air temperature)
Indoors (insectary)

Oct‘'01  Nov Dec Jan‘02 Feb Mar Apr May Jun

Anagyrus pseudococci oviposition and adult emergence dates

Daane et al. 2005. Biol. Control



Mating disruption -
synthesized sex
pheromone




Mating disruption - raisin block in Del Rey

Number of clusters rated as “lost”

100-

50-
~2.8%
25 - _O/SeVere damage
_Moderate damage
0 | |

Control

Pheromone



Insecticides for ‘high density’
Mating disruption to prevent spread

R

A .‘-\-:I -'ll.“

W - ¥ -

o 5.*"\%.-‘
e

e 1
-
L]

3
g, ot







©) Current Research on Vine Mealybug

& 1, Mealybug Controls

2. GLRaV Control Programs

a) mealybug-leafroll epidemiology
b) areawide controls




Key Transmission Facts - Acquisition

*Crawlers acquired virus w/in 1 hr

Tsai, Almeida et al. Phytopath. (2008)



Key Transmission Facts - Inoculation

‘Crawlers inoculated virus w/in 1 hr

‘Peak at 24 hr
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Can we sumply kill all mealybugs for GLRaV control?
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Insecticide GLRaV weak source block
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Where did the GLRaV-infected vines appear’
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Insect growth requlator

Applaud (Buprofezin)

Neonicotenoids
Admire (Imidacloprid)
Clutch (Clothianidin)
Assail (Acetamiprid)

Biosynthesis inhibitor
Movento (Spirotetramet)

OPs and Carbamates
Lorsban (Chlorpyrifos)*
Lannate (Methomyl)*
Dimethoate*

307 Novel materials

25
Insect must feed

20+ Slower kill (1-7 days)
. Relatively low residual

10 b b
Iy
5_

Spirotetramet Buprofezin Control
(Movento) (Applaud)

Clothianidin ~ Acetamiprid
(Clutch) (Assail)

*Listing here materials still effective

and still registered (leafhoppers)
Spray Volume: 100 GPA,; Air-blast Sprayer; label rate (Applaud 12 oz per ac)

Clutch & Movento on 21 June 2011, Applaud & Assail on 7 July 2011
Planococcus ficus, Lodi-Woodbridge wine grapes, Lodi, CA



) Vectors of Viral Pathogens in Vineyards

== 3 What do We Know about Red Blotch
°5| a)grape damage
b) insects as vectors
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A Leafhopper-Transmissible DNA Virus with Novel
Evolutionary Lineage in the Family Geminiviridae
Implicated in Grapevine Redleaf Disease by Next-

Generation Sequencing
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Abstract

expression of redleaf symptoms.

A graft-transmissible disease displaying red veins, red blotches and total reddening of leaves in red-berried wine grape (Vitis
vinifera L) cultivars was observed in commercial vineyards. Next-generation sequencing technology was used to identify
etiological agent(s) associated with this emerging disease, designated as grapevine redleaf disease (GRD). High quality RNA
extracted from leaves of grape cultivars Merlot and Cabernet Franc with and without GRD symptoms was used to prepare
cDNA libraries. Assembly of highly informative sequence reads generated from lllumina sequencing of cDNA libraries,
followed by bioinformatic analyses of sequence contigs resulted in specific identification of taxonomically disparate viruses
and viroids in samples with and without GRD symptoms. A single-stranded DNA virus, tentatively named Grapevine redleaf-
assaciated virus (GRLaV), and Grapevine fanleaf virus were detected only in grapevines showing GRD symptoms. In contrast,
Grapevine rupestris stem pitting-associated virus, Hop stunt viroid, Grapevine yellow speckle viroid 1, Citrus exocortis viroid and
Citrus exocortis Yucatan viroid were present in both symptomatic and non-symptomatic grapevines. GRLaV was transmitted
by the Virginia creeper leafhopper (Erythroneura ziczac Walsh) from grapevine-to-grapevine under greenhouse conditions.
Molecular and phylogenetic analyses indicated that GRLaV, almost identical to recently reported Grapevine Cabernet Franc-
associated virus from New York and Grapevine red blotch-associated virus from California, represents an evolutionarily
distinct lineage in the family Geminiviridae with genome characteristics distinct from other leafhopper-transmitted
geminiviruses. GRD significantly reduced fruit yield and affected berry quality parameters demonstrating negative impacts
of the disease. Higher quantities of carbohydrates were present in symptomatic leaves suggesting their possible role in the
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Introduction

Mearly seventy viruses and other infectious sub-cellular obligate
parasites, collectively referred to as graft-transmissible agents
(GTAs), have been documented in grapevines (Fitis spp.) [1], [2].
Among all diseases caused either directly or indirectly by these
GTAs, grapevine leafroll disease is considered as the most
economically important disease affecting plant vigor and longevity
and cavsing significant losses in fruit yield and impacting berry
quality attributes [3], [4], [3]. Other virus diseases, such as rugose
wood complex, fanleafl infectious degeneration and fleck complex,
represent a group of disorders distributed widely in several grape-
growing countries around the world [1], [2]. Besides these
‘traditional’ virus diseases, which can cause significant problems
to grape production, other diseases due to GTAs have limited

PLOS ONE | www.plosone.org

geographic distribution causing relatively less economic damage to
grape production.

In addition to viruses, several viroids belonging to the family
Fospiviroidas arve ubiquitous in cultivated grapevines [6], [7], [8],
[9]. They are Hop stund viroid (HpSVd, genus Hestuviroid), Grapevine
yellow speckle viroid I (GYSVd-1, genus Apscavirond) and 2 (GYSVd-2,
genus .4!1.\’{(!!.’{‘!’:‘"}1}, Citrus exocartts viroid (CRVIL EEnus Pﬂ.w,()j}u‘.rm}['} and
Australian grapevine virotd (AGVd, genus Apscamroid). Although these
viroids are found in symptomless grapevines, GYSVd-1 has been
implicated in vein-banding and yellow speckle symptoms, Ekely
due to a synergistic interaction between GYSVd-1 and Grafevine
Sanleaf virus (GFLV, genns Nepovirus, family Comaviridag) [10], [11].

Besides their negative impacts on yield and quality of grapes, the
introduction and subsequent spread of viruses and other GTAs o
healthy vineyards is of great concern for sanitation and grapevine

June 2013 | Volume 8 | Issue 6 | e64194




Insects scheduled for testing

Commohn name

Western grape leafhopper
Variegated leafhopper
Virginia creeper leafhopper
Potato leafhopper
Blue-green sharpshooter
Vine mealybug

Grape mealybug

Obscure mealybug
European fruit Lecanium scale
Grape phylloxera

Aphids

Grape whitefly

Mites




Red blotch data from a GLRaV trial 2008-2014
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'PCR-positive’ does NOT confirm vector!
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Conclusions

1)

2)

3)

4)

5)

Movento continues to be the best product for vineyard
mealybugs. Application methods (e.g., timing) for optimal
performance may vary and we are studying the movement
of Movento to better understand this.

Biological controls help, but can be incomplete.

Mating disruption can help suppress the population , but
may best be used in an areawide, annual program.

GLRaV movement can be suppressed using rouging and an
areawide mealybug control program - but this can be
expensive and does not guarantee no future losses

We have not shown an insect to be ’rhe Red Blotch vector
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