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Grapevine Red Blotch Virus (GRBV)
Background and Timeline

Symptoms
• Reddening of leaf veins, blotchy red areas on leaf
Impacts
• Reduced crop vigor, yield and quality, delayed maturation of fruit
Geography
• First reported 2008 @ Oakville Station (Calvi 2011)
• Widespread in North America (Krenz et al. 2014)
• Archival samples contain virus (Al Rwahnih et al. 2015)
Spread
• Humans? Nursery stock? Insects? (Poojari et al. 2013)

Grapevine Red Blotch Virus (GRBV)
• Geminiviridae, characterized in 2012
• (Krenz et al. 2012, Al Rwahnih et al. 2013, 

Sudarshana et al. 2015)

Photo: http://www.princeofpinot.com/article/1575/UC IPM
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Daane / Wilson Research Group
1. Survey insects and plants for virus (2015-2017)
2. Transmission experiments (2015-2018)
3. Threecornered Alfalfa Hopper (TCAH) studies (2017-2020)



Grapevine Red Blotch Virus (GRBV)
Background and Timeline

Daane / Wilson Research Group
1. Survey insects and plants for virus (2015-2017)
2. Transmission experiments (2015-2018)
3. Threecornered Alfalfa Hopper (TCAH) studies (2017-2020)



Grapevine Red Blotch Virus (GRBV)
Plant and Insect Surveys

• Can we find the virus 
outside of vineyards?

• What insects carry the 
virus?

• Association between 
insects and positive plants?



• Can we find the virus 
outside of vineyards?

• What insects carry the 
virus?

• Association between 
insects and positive plants?

Grapevine Red Blotch Virus (GRBV)
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Family Genus/Species n % Positive
Adoxaceae Sambucus spp. 0/4 0
Apiaceae Conium maculatum 0/2 0

Foeniculum vulgarum 0/1 0
Apocynaceae Vinca major 0/17 0
Araliaceae Hedera helix 0/2 0
Asteraceae Artemisia spp. 0/3 0

Baccharis pilularis 0/11 0
Calendula sp. 0/1 0
Taraxacum officinale 0/2 0

Betulaceae Alnus spp. 0/14 0
Brassicaceae Brassica spp. 0/4 0

Raphanus raphanistrum 0/1 0
Convulvulaceae Convolvulus arvensis 0/1 0
Cucurbitaceae Marah sp. 0/4 0
Ericaceae Arbutus menziesii 0/9 0

Archtostaphylos spp. 0/11 0
Fabaceae Vicia faba 0/6 0

Vigna sp. 0/4 0

Plant Hosts of Red Blotch Virus



Family Genus/Species n % Positive
Fagaceae Quercus agrifolia 0/35 0

Quercus douglassi 0/2 0
Quercus lobata 0/2 0

Juglandaceae Juglans sp. 0/8 0
Lauraceae Umbellularia californica 0/14 0
Malvaceae Malva parviflora 0/3 0
Oleaceae Fraxinus latifolia 0/11 0

Olea europaea 0/11 0
Poaceae Avena sativa 0/8 0
Rosaceae Heteromeles arbutifolia 0/40 0

Prunus spp. 0/10 0
Rosa spp. 0/5 0
Rubus spp. 0/28 0

Salicaceae Salix spp. 0/23 0
Sapindaceae Acer sp. 0/2 0

Aesculus californica 0/10 0
Vitaceae Vitis californica x vinifera 18/68 26

Vitis vinifera 19/20 95

Plant Hosts of Red Blotch Virus



Plant Hosts of Red Blotch Virus

Family Genus/Species Common namen
Fabaceae Vicia faba Fava bean

Vicia Americana Purple vetch
Trifolium spp. Red/white clover
Pisium sativa Field peas

Poaeceae Various species Mixed grasses

Additional ground covers from Cieniwicz et al. 2019
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Family Genus/Species Mean ±SEM n % Positive
Aphididae 9.8 ±1.2 0/122 0
Berytidae 2.7 ±1.1 0/7 0
Cicadellidae Acanalonia sp. 1.0 ±0.0 0/3 0

Aceratagallia spp. 4.0 ±1.1 0/55 0
Acinopterus angulatus 1.3 ±0.1 2/26 8
Alconeura sp. 2.0 ±0.0 0/2 0
Colladonus coquilletti 1.3 ±0.2 4/6 67
Colladonus montanus reductus 1.0 ±0.0 1/2 50
Colladonus sp. 1.0 ±0.0 1/2 50
Deltocephalus fuscinervosus 2.5 ±0.4 0/66 0
Dikraneura rufula 1.0 ±0.0 0/3 0
Dikrella californica 1.0 ±0.0 0/2 0

Insects Positive for Red Blotch Virus



Family Genus/Species Mean ±SEM n % Positive
Cicadellidae 
(cont’d)

Empoasca spp. 3.7 ±0.8 0/41 0
Erythroneura elegantula 5.3 ±0.6 0/156 0
Erythroneura variabilis 3.7 ±0.5 0/66 0
Euscelidius schenkii 1.4 ±0.3 0/12 0
Graphocephala atropunctata 1.0 ±0.0 0/2 0
Macrosteles quadrilineatus 1.0 ±0.0 0/4 0
Osbornellus sp. 2.0 ±0.0 0/2 0
Scaphytopius spp. 1.1 ±0.1 9/19 47
Thamnotettix zelleri 2.0 ±0.4 0/8 0

Cixiidae Melaniolarus sp. 2.2 ±0.4 0/10 0
Delphacidae 1.2 ±0.1 1/21 5
Lygaeidae Nysius raphanus 5.2 ±3.1 0/24 0
Membracidae Spissistilus festinus 1.7 ±0.2 6/38 16
Miridae Lygus spp. 3.8 ±0.5 1/99 1
Pentatomidae 1.5 ±0.5 0/2 0
Psyllidae 1.6 ±0.3 0/18 0
Rhopalidae Boisea rubrolineata 4.0 ±0.0 0/2 0
Tingidae Corythuca sp. 7.2 ±2.7 0/14 0

Insects Positive for Red Blotch Virus



Family Genus/Species
Aphididae
Cicadellidae Osbornellus borealis

Empoasca sp.
Graphocephala atropunctata

Cixiidae Melaniolarus sp.
Phylloxeridae

Insects Positive for Red Blotch Virus
Additional positives from Cieniwicz et al. 2019
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• Can we find the virus 
outside of vineyards?

• What insects carry the 
virus?

• Association between 
insects and positive plants?



Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti

Spissistilus festinus

Lygus spp.
Key Questions
• How high are 

populations?

• How frequently do 
they test positive?

• Are they ever found 
on Vitis?



Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti

Spissistilus festinus

Lygus spp. • High abundance
• 1% positive
• Not on grape vines
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Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti
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Lygus spp.

• Low abundance
• 50-67% positive
• Not on grape vines



Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti

Spissistilus festinus

Lygus spp.

• Low abundance
• 16% positive
• Sometimes on 

grape vines



Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti

Spissistilus festinus

Lygus spp.

• High abundance
• 47% positive
• Frequently on 

grape vines



Colladonus montanus

Scaphytopius spp.

Acinopterus angulatus

Colladonus coquilletti

Spissistilus festinus

Lygus spp.

Very Low

Low

Medium

High

Candidate Rank



Grapevine Red Blotch Virus (GRBV)
Plant and Insect Surveys

Results
Key Points:
• Multiple species tested positive

• This DOES NOT mean that they are a vector

• Differences in…
• Abundance
• Frequency of positive GRBV
• Activity in vine canopy

• Lab vs. Field Transmission
• Transmission efficiency is key



Grapevine Red Blotch Virus (GRBV)
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Daane / Wilson Research Group
1. Survey insects and plants for virus (2015-2017)
2. Transmission experiments (2015-2018)
3. Threecornered Alfalfa Hopper (TCAH) studies (2017-2019)





Methods
• 50 insects / plant
• 6 cultivars (A-F)
• 48 hr Acquisition AP
• 48 hr Inoculation AP
• PCR tests in 4 wks

Our initial goal was to repeat this work and then test 
similar insects (e.g., WGLH), and common vineyard pests 

Grapevine Red Blotch Virus (GRBV)
Transmission Experiments – WSU



Grapevine Red Blotch Virus (GRBV)
Transmission Experiments

Focus on Common/Abundant Candidates

Common Name Species
Western grape leafhopper Erythroneura elegantula
Variegated leafhopper Erythroneura variabilis
Virginia creeper leafhopper Erythroneura ziczac
Grape whitefly Trialeurodes vittatas
Grape mealybug Pseudococcus maritimus
Vine mealybug Planococcus ficus
Blue-green sharpshooter Graphocephala atropunctata
Foliar phylloxera Daktulosphaira vitifoliae
Threecornered alfalfa hopper Spissistilus festinus



Grapevine Red Blotch Virus (GRBV)
Transmission Experiments

Focus on Common/Abundant Candidates
Experimental Setup
• Potted vines caged in greenhouse
• Cohorts of 10-100 individuals/species
• 3-10 replicates/trial

Infected Healthy

Transmission



Grapevine Red Blotch Virus (GRBV)
Transmission Experiments

Focus on Common/Abundant Candidates

Experimental Setup
• 48-72 hr Acquisition (AAP)
• 48-72 hr Inoculation (IAP)



Grapevine Red Blotch Virus (GRBV)
Transmission Experiments

Focus on Common/Abundant Candidates

Experimental Setup
• Vines held for 2 years to observe symptoms and test 

with PCR



Grapevine Red Blotch Virus (GRBV)
Transmission Experiments

Focus on Common/Abundant Candidates

Experimental Setup
Some variations and repeat experiments
• “Bouquets” of mature leaves from field vines
• Longer AAP/IAP (5 days)
• Paired infected/healthy vines



Family Species Tested Acquires Transmits

Cicadellidae

Erythroneura elegantula No* No
Erythroneura variabilis No No
Erythroneura ziczac Yes No
Graphocephala atropunctata No No

Aleyrodidae Trialeurodes vittatus No No

Pseuodococcidae
Pseudococcus maritimus No No
Planococcus ficus Yes No

Phylloxeridae Daktulosphaira vitifoliae Yes No
Membracidae Spissistilus festinus Yes No

Grapevine Red Blotch Virus (GRBV)
Transmission Experiments – Results

* Yes in field collections



Grapevine Red Blotch Virus (GRBV)
2018-2020 – Field Transmission Exp. – UCB

• Worries over virus titer led to field and lab inoculations
• Focus on TCAH and Scaphytopius

Methods
• 48hrs AAP in the field
• Insects brought to lab + placed on clean plants for 48 hrs IAP
• Check vines regularly for symptoms and PCR evaluations for 2 

years
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Grapevine Red Blotch Virus (GRBV)
TCAH as Vector – Addressing Grower Concerns



Distribution
• Widely distributed in US
• Especially southern regions
• Present in North Coast – but not a pest of grapes

Pest Status?
• Legumes – soybean, peanut, alfalfa

Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Nymph Adult



Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Life Cycle – General
• Adults  Eggs  5 nymphal instars  Adults
• 2-4 generations/year
• Preference for legumes – but can develop on other species
• Overwinter in adult stage in sheltered areas



Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Life Cycle – Vineyards
• Adults appear on ground covers in the spring
• Feed/reproduce on ground covers (likely legumes)
• Petiole girdling later in season
• 2 generations/year



Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Key Questions
• When and how much activity in vine canopy?
• Overwinter in natural habitats? Vineyard edge activity? 



Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Key Questions
• When and how much activity in vine canopy?
• Overwinter in natural habitats? Vineyard edge activity? 

Cieniwicz et al. 2019



Grapevine Red Blotch Virus (GRBV)
TCAH Ecology

Key Questions
• When and how much activity in vine canopy?
• Overwinter in natural habitats? Vineyard edge activity? 

Transect Study (2017-2018)
• 5 vineyard sites
• Sampled 2x/month March – November (2017-2018)

10 m 150 m10 m

Riparian to vineyard transect

Sample distance

Vineyard Adjacent to Natural Habitat



Grapevine Red Blotch Virus (GRBV)
TCAH Transect Study
Sampling Methods



Grapevine Red Blotch Virus (GRBV)
TCAH Transect Study
Sampling Methods

Samples at Vineyard Edge and Interior
• Ground covers – Yellow sticky-traps (Mar-Nov)
• Vine Canopy – Yellow sticky-traps (Mar-Nov)
• Petiole girdling – 1-2x/month (June-Oct)



Grapevine Red Blotch Virus (GRBV)
TCAH Transect Study

Focal Organisms

Scaphytopius spp.
Sharp-nosed Leafhopper

“Scaphy”

Spissistilus festinus
Three-cornered Alfalfa Hopper

“TCAH”



Spissistilus festinus
Three-cornered Alfalfa Hopper

“TCAH”
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Scaphytopius sp.
Sharp-nosed Leafhopper

“Scaphy”
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Grapevine Red Blotch Virus (GRBV)
Summary and Conclusions



Grapevine Red Blotch Virus (GRBV)
Summary and Conclusions

Surveyed potential plant reservoirs and insect vectors
• Vitis is sole positive plant host
• Cicadellids, TCAH and a few others tested positive
• Some species seem more promising than others

Scaphytopius spp.

Spissistilus festinus

Colladonus montanus

Colladonus coquilletti



Grapevine Red Blotch Virus (GRBV)
Summary and Conclusions

Transmission experiments with common vineyard insects
• Lots of experiments, lots of insects
• Some acquisition, but no transmission observed
• Rules out a lot of the most common insects

Family Species Tested Transmits

Cicadellidae

Erythroneura elegantula No

Erythroneura variabilis No

Erythroneura ziczac No

Graphocephala atropunctata No

Aleyrodidae Trialeurodes vittatus No

Pseuodococcidae
Pseudococcus maritimus No

Planococcus ficus No

Phylloxeridae Daktulosphaira vitifoliae No

Membracidae Spissistilus festinus No



Grapevine Red Blotch Virus (GRBV)
Summary and Conclusions

TCAH Seasonal Ecology
• Confirm 2 adult peaks/year

• Natural habitats don’t seem to be a major source of TCAH

• Leguminous ground covers are important for TCAH

• Vine canopy activity Jun.-Aug. followed by girdling

• Canopy activity related to changes in ground cover quality

10 m 150 m10 m

Riparian to vineyard transect

Sample distance

Vineyard Adjacent to Natural Habitat



Grapevine Red Blotch Virus (GRBV)
Summary and Conclusions

What about Scaphytopius?
• Promising candidate vector

• Higher populations and affinity for grape vines

• Transmission studies currently in progress

10 m 150 m10 m

Riparian to vineyard transect

Sample distance

Vineyard Adjacent to Natural Habitat



Grapevine Red Blotch Virus (GRBV)
TCAH Management?
• No treatment thresholds or guidelines

• No support for sprays
• No support for ground cover management

• Tradeoffs = soil quality, compaction, 
erosion

• Circumstantial evidence unconvincing
• Generally low abundance
• Low affinity for grape vine
• Transmission efficiency unclear
• Field transmission unconfirmed

• Broader candidate insect testing still incomplete



Grapevine Red Blotch Virus (GRBV)

Is Scaphytopius a Vector?
• We don’t know yet!

• Transmission unconfirmed
• Experiments are in progress
• Even if transmits, efficiency is still key

• Circumstantial evidence more convincing
• Much higher densities
• Strong affinity for grape vines
• Paso Robles surveys – no TCAH, lots of Scaphy



Grapevine Red Blotch Virus (GRBV)
Research in 2020 and Beyond

Daane / Wilson Research Group
1. Test more novel candidate vectors

2. Field transmission studies

3. Identify TCAH overwintering sites

4. TCAH transmission efficiency

5. Manipulate ground covers

Caladonus coquillettiScaphytopius spp. Colladonus montanus



Thank You!
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