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Grape Leafroll Symptoms

§ Starting in late Aug-early Sept at base of shoot and 
progressing up

§ Downward curling of the leaf edges
§ Interveinal reddening or yellowing
§ Poor fruit maturation









8



Red Blotch Symptoms

• Symptoms first appear in late Aug-early Sept
• No leaf rolling
• Red vinifera

• Irregular pink to crimson blotches on blades starting on basal leaves
• Secondary and tertiary veins turn red (BUT inconsistent!)
• Occasional interveinal red between secondary veins

• White vinifera
• Yellow margins, progressing to brown crispy margins



Red Blotch – Cabernet franc
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Red blotch - Pinot noir

Symptomatic Asymptomatic



Cooper
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Red blotch – advanced symptoms Chardonnay



Variable symptoms of Red Blotch
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Variable symptoms of Red Blotch
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Red Blotch Symptoms

18 https://media.oregonstate.edu/media/t/1_f77n9lay

https://media.oregonstate.edu/media/t/1_f77n9lay


Symptom Expression Varies with Year
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Effects on Vine Physiology

§ Reduced photosynthesis and transpiration in leaves
§ Reduced sugar movement out of leaves
§ Increased leaf starch (@veraison and post-veraison)
§ Triggers maturation of leaves

§ production of anthocyanins in reds, chlorosis in whites
§ Larger berries – lower concentration of sugar

§ Secondary metabolism inhibited (e.g. anthocyanins)
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For an indepth explanation on how GRBV affects vines:

21 https://media.oregonstate.edu/media/t/1_e3e1lu2g/2528412

https://media.oregonstate.edu/media/t/1_e3e1lu2g/2528412


For an indepth explanation on how 
GRBV affects vines:

§ Less CO2

§ Photosynthesis decreased
§ Transpiration reduced

22 https://www.youtube.com/watch?v=DDljPqaGG4Y

https://www.youtube.com/watch?v=DDljPqaGG4Y


For an indepth explanation on how 
GRBV affects vines:

§ Photosynthesis impacted in 
green areas of leaves with red 
symptoms with GRBV

§ Also in asymptomatic leaves in 
vines with GRBV

23 https://www.youtube.com/watch?v=DDljPqaGG4Y

https://www.youtube.com/watch?v=DDljPqaGG4Y


Vine Vigour, 2018-2019
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Vine Vigour, 2019-2020
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Harvest Parameters, Vidal, 2020
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Harvest Parameters, Cabernet franc, 2020
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GLRaV-3 and GRBV – Effect on Cold Hardiness
Chardonnay (2018-2019)
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GLRaV-3 and GRBV – Effect on Cold Hardiness
Chardonnay (2019-2020)

29

-24

-22

-20

-18

-16

-14

-12

-10

LT
E 

50
 (◦

C
)

GLRaV- GRBV- GRBV+ GLRaV+ GLRaV+ GRBV+

Nov 2019 Jan 2020Dec 2019

Solo GLRV or GRBV â cold hardiness slightly compared to virus free Jan-Feb
GLRV + GRBV â cold hardiness compared to solo infections



GLRaV-3 and GRBV – Effect on Cold Hardiness
Cabernet franc (2018-2019)

30

-24

-22

-20

-18

-16

-14

-12

-10

LT
E 

50
 (◦

C
)

GLRV + GRBV + GLRV- GRBV-

8 Apr-19Mar 2019Feb 2019

GRBV â cold hardiness more than GLRV



GLRaV-3 and GRBV – Effect on Cold Hardiness
Cabernet franc (2019-2020)
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GLRaV-3 and GRBV in Ontario

§ Questions:
§ How common GLRD and GRBD?
§ Effects of infection on cold hardiness?
§ Effects of co-infections?
§ Changes in distribution of infection over time? Vectors? 

Control?

32



GLRV and GRBV % vineyard blocks sampled per year
with > 25% incidence
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Incidence of GLRaV and GRBV, 2018 & 2019
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GLRaV (solo or co-infection with GRBV), 2018 & 2019
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GRBV (solo or co-infection) 2018 & 2019
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Can we do anything to change the effects of viruses?
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Crop thinning? Little to no effect

Longer hang time? No effect

K fertilizer? Little to no effect

Irrigation? Variable effect
Only with water deficit
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https://www.researchgate.net/profile/Alexander_Levin4/publication/335843063_Supplemental_Vineyard_Inputs_May_Partially_Mitigate_Ne
gative_Effects_of_Grapevine_Red_Blotch_Disease_in_Oregon_Pinot_noir/links/5d7ffcd9299bf10c1ab2429b/Supplemental-Vineyard-
Inputs-May-Partially-Mitigate-Negative-Effects-of-Grapevine-Red-Blotch-Disease-in-Oregon-Pinot-noir.pdf

https://www.researchgate.net/profile/Alexander_Levin4/publication/335843063_Supplemental_Vineyard_Inputs_May_Partially_Mitigate_Negative_Effects_of_Grapevine_Red_Blotch_Disease_in_Oregon_Pinot_noir/links/5d7ffcd9299bf10c1ab2429b/Supplemental-Vineyard-Inputs-May-Partially-Mitigate-Negative-Effects-of-Grapevine-Red-Blotch-Disease-in-Oregon-Pinot-noir.pdf


More info on impact of cultural practices vs GRBV

39 https://media.oregonstate.edu/media/t/1_u29vsfg9

https://media.oregonstate.edu/media/t/1_u29vsfg9


More info on impact of cultural practices vs GRBV

40 https://media.oregonstate.edu/media/t/1_f77n9lay

https://media.oregonstate.edu/media/t/1_f77n9lay


More info on impact of cultural practices vs GRBV

41 https://media.oregonstate.edu/media/t/1_f77n9lay

https://media.oregonstate.edu/media/t/1_f77n9lay


A possible Hormonal Link to GRBD?

§ Abscisic acid (ABA)
§ Linked to anthocyanin biosynthesis
§ Lower concentration in berries from GRBV +ve vines
§ GRBV may limit capacity of sources and sinks for exchanging 

reduced carbon and plant hormones simultaneously
without shutting down the plant completely

42



ABA to mitigate GRBV effects on Fruit Maturity

§ 4 vineyards: 2 Cab franc, 1 Riesling, 1 Chard
§ Vines identified with GRBV only (no GLRV)
§ ABA (Protone) @ 400 ppm ABA

§ applied once or twice to full canopy
§ 50% veraison and 2 weeks later

§ Fruit harvested at commercial ripeness

43



ABA to mitigate GRBV effects on Yield?
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ABA to mitigate GRBV effects on Brix?
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ABA on Riesling 2020
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ABA on Chardonnay 2020
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Mycorrhizae?

§ 200g BioCult Mycorrhizae in 350L over 0.83 Acres
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Mycorrhizal Treatment, Chardonnay, 2020
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GRLaV and GRBV Transmission

• No mechanical transmission of GLRaV in vineyards
§ pruning, hedging, trimming, harvesting, suckering, etc

• No vine-to-vine transmission via root grafting



Insect Vectors of GLRaV

§ Mealybugs and Soft Scales
§ grape mealybug, (P. maritimus), obscure 

mealybug (P. viburni) longtailed
mealybug (P. longispinus) vine mealybug 
(Planococcus ficus)

§ Soft scales
§ lecanium scale (Parthenolecanium corni)

51



Insect Vectors of GLRaV

§ Mealybugs
§ More efficient at transmitting GLRaV-3 than soft scales
§ Early instars more efficient than more mature stages
§ Virus is semi-persistent
§ Feeding by one viruliferous insect sufficient to cause infection
§ Acquire GLRaV within 24 hours of feeding on infected vines
§ Symptoms not until the following year



Which mealybug is in Ontario?

Representative samples collected into 
95% EtOH

Analyzed by PCR
Confirmed grape mealybug 

(Pseudococcus maritimus)



Grape mealybug in Ontario.  So what?

§ 2 generations/year (overwintering and summer)
§ Other species 3-7 generations/year

§ Does not infest roots
§ Other mealybugs do

§ Pheromones are species specific
§ Monitoring, mating disruption



Grape Mealybug

§ 1st instar nymph
§ Most efficient vector stage
§ Most mobile stage
§ Walk vine to vine (1 m)
§ Wind (low proportion, up to 8 m) 

(Grasswitz & James, 2008)
§ Hitchhiker on workers, machinery?



Grape Mealybug Life Cycle
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Overwinter as eggs 
and 1st instars



Grape Mealybug Life Cycle

57



Grape Mealybug Life Cycle
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Adult females



Grape Mealybug Life Cycle

59

Emerge in spring and 
move onto canes to 
feed, hiding beneath 
bark



Grape Mealybug Life Cycle

60

0

2

4

6

8

10

12

1 7 12 20 25 1 8 15 23 30 9 13 20 27 6 10 17 24 3 9 14 28
May June July Aug Sept

M
ea

n 
nu

m
be

r/1
0 

vi
ne

s

Egg Cluster 1st instar 2nd instar 3rd instar Adults

Adult females move 
back under trunk 

bark

Adult females move 
back under trunk 

bark to lay 
overwintering eggs



Monitoring for Grape Mealybug

§ Pheromone traps 

61
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9092.pdf

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9092.pdf


Monitoring for Grape Mealybug
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Male adult mealybugs



Monitoring GLRaV Vector Development
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Monitoring GLRaV Vector Development
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Grape Mealybug Management

§ Oils, Insecticidal Soap, Clutch 50 WDG
§ Contact only

§ Malathion 85E
§ Contact + volatile?

§ Timing for overwintering generation?
§ Model to predict mealybug crawler emergence

65



Grape Mealybug Management

§ Movento 240SC
§ Bi-directional movement in phloem
§ Movement under bark where mealybugs are feed requires 

translocation
§ Leaves don’t export a lot of sugars before there are at least 5 

leaves present
§ Full label rate – 460 mL/ha 2X
§ Timing – post bloom, 30 days later 

66



Grape Mealybug Management

§ Bee aware of pollinators!
§ Avoid spraying these insecticides if cover crops or weeds in 

row middles are in bloom
§ Minimize off-target drift

67



Future Endeavours

Biological control?
• Modified insecticide sprays 
• Cover crops
• Introductions
• Challenge – majority of GMB and Scale 

are under bark so difficult for beneficials
to find them

68



Future Endeavours

§ Manage ant populations to manage vectors?

69



How do I know if mealybugs or scales are in my vineyard?

70



How do I know if mealybugs or scales are in my vineyard?
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How do I know if mealybugs or scales are in my vineyard?

72



How do I know if mealybugs or scales are in my vineyard?
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How do I know if mealybugs or scales are in my vineyard?
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How do I know if mealybugs or scales are in my vineyard?

76



77

3-cornered alfalfa treehopper



Three-cornered alfalfa hopper damage

Spissistilus festinus Leaf girdling Red leaf





Reported Vectors of GRBV

Buffalo Treehopper
Vector of GRBV



Does Red Blotch Spread?

81
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Experiment Using Sentinel Vines

June July – Nov.            Nov.                 Feb.    

Healthy virus-free 
potted vines

Placed in the 
vineyard with 

GRBV infection

Removed all 
leaves and 

sprayed with 
pesticide before 
placing the vines 

in the 
greenhouse

Tested for GRBV
3 month post 

re-growth

Does Red Blotch Spread?
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Cieniewicz et. al 2018 & 2019 – DNA testing of 
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1) Which insects can acquire GRBV?



Osbornellus 
borealis 
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1) Which insects can acquire GRBV?

Species Name Total No. collected
Agallia constricta 53
Ancanalonia conica 2
Aphrodes sp. 1
Chlorotettix  sp. 1
Clastoptera proteus 2
Delphacidae sp. 1
Dracucephala antica 1
Draculacephala minerva 3
Echenopa binotata 1
Erythroneura sp. 914
Euscelidius variegatus 5
Forcupata sp. 1
Graminella nigrifons 39
Graphocephala coccinea (Red-banded Leafhopper)101
Gyponana salsa 43
Jikradia olitoria 88
Lygus Spp. 22
Metcalfa pruinosa 1
Macrosteles laevis 1
Macrosteles quadrilineatus 30
Melanoliarus aridus 19
Micrutalis calva (Honeylocust Treehopper)102
Norvellina sp. 1
Orientus ishidae 2
Osbornellus borealius 6
Paraphlephsisus irroratus 34
Philaenes spumroris 7
Empoasca fabae  (Potato Leafhopper ) 8281
psyllidae sp. 1
Stictocephala alta (Buffalo Treehoppers) 4
Scaphoideus immistus 1
Scaphoideus titanus 126
Scaphytopius acutus 4
Spilaenus spumarcus 1
Stink bug 1
X superbus 19
Total 10,032

In Niagara region: 10 vineyards sampled July-September 2019
Six locations / vineyard 

Three yellow sticky cards / location

Cards checked and replaced weekly



GRLaV and GRBV Transmission

• Propagation of infected (symptomless) vines



2020 Survey, Vines planted 2018-2020
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2020 Survey, Vines planted 2018-2020

87

54%

20%

15%

11%

no virus
GRBV
GLRV
GRBV+GLRV

1-18/20

C franc
C sauv
P noir
Syrah
Merlot
P gris

Viognier
Chard

Gewurz
S blanc

C franc
Chard
P noir

Sov cor
Marq

C franc
C sauv
Gamay
Riesling

Vidal

C franc
Gamay
Baco

1-18/20

GRBV>GLRV



Management of Virus Diseases

§ Demand virus-free nursery material
§ Scion and rootstock

88

https://www.youtube.com/watch?v=jLzVCjtBPNA&fe
ature=youtu.be

https://www.youtube.com/watch?v=jLzVCjtBPNA&feature=youtu.be


Management of Virus Diseases

§ Demand virus-free nursery material
§ Scion and rootstock

§ Remove infected vines (up to 25-30% infected)
§ Mark symptomatic vines during the growing season
§ 1+2 approach (Dr. Vaughn Bell) 

(https://www.youtube.com/watch?v=HmUnEUlShK4&feature=youtu.be)
§ Manage vine stress (water, crop load, fertility)
§ Remove infected blocks (30%+ infected)
§ Manage insect vectors

89

https://www.youtube.com/watch?v=HmUnEUlShK4&feature=youtu.be


If you see red leaves….
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Symptomatic
leaves?

Trunks 
healthy?

Virus 
positive?

Nutrient 
deficiency?

Check integrity of 
trunk and cordons

Train new trunk
No

Help?
No

Apply fertilizer
Yes

Rogue or remove
Yes

Petiole analysis

Yes

Virus testing

No



Questions?
wendy.mcfadden-smith@ontario.ca


