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Blueberry Bud Mite

• Eriophyid family of mites

• Transparent to whitish body, 1/128 inch long (approx. 200 micron)

• Females lay approx. 200 eggs

• Develop through 4 stages to complete lifecycle in 15 days at 19 oC

• Disperse primarily by air. May also disperse by crawling or hitch-hiking

• Populations peak in Dec – Feb and decline in summer due to high temps

• Mild winters tend to boost populations leading to severe bud damage in spring 

(Acalitus vaccinii Keifer )



• Continuously remain protected & feed inside the buds

• Transfer toxin which makes tissues roughened & blistered

• Persistent feeding causes reddening & swelling of the base of 

bud scales which makes buds appear rosetted

• Buds may desiccate and fail to open

• Flowers and berries developing from infested buds usually 

have small blisters and pimples

• Summer generations cause retarded leaf & vegetative growth 

which negatively affects following year’s crop

Blueberry Bud Mite
(Acalitus vaccinii Keifer )



Blueberry Bud Mite
(Acalitus vaccinii Keifer )

Sampling

• Bud mites move to fruit buds formed this year to find 
places to spend the winter 

• To detect infestation, take shoot samples in the late 
summer and fall

• Take 10 randomly-selected shoots

• Sample the top 5 fruiting buds on each shoot for a 
total of 50 buds per field

• Examine the scales of dissected buds under a 
microscope at 40X magnification

• Treatment may be needed if 10 percent of the 
sampled buds are infested



Control

• Postharvest pruning and removing of old canes will 

reduce bud mite population

• Insecticides/miticides: Portal, Oberon, Acramite, Brigade, 

Danitol, Sevin, Abamectin, Movento, 

horticultural/superior oils (2% by volume)

• Use high volume (100-300 gal/A), high pressure (200 psi) 

applications of insecticide/miticide or horticultural oil

• Interior spaces of the bud scales must be wetted to get 

good control 

• Using surfactants to improve spreading and penetration 

of the spray is expected to increase control of bud mites

Spray timing and coverage are key to 

successful control

Blueberry Bud Mite
(Acalitus vaccinii Keifer )



Spider Mite
Southern red mite

(Oligonychus ilicis McGregor)

• CONTROL: Miticides - Portal, Oberon, and Acramite



Scales

• Cottony cushion scale

• Azalea bark scale

• Maple leaf scale, and 

• possibly others

Mealybugs



Scales

Control:

• Armored scale

1-2 applications of 2% Dormant Oil

• Soft scale

Horticultural/superior oil, Sivanto, Movento, 

Admire, Assail, or OPs applications at crawler 

stage

Coverage is the key to scale control



Scale mortality 
(Treatments applied in November)

Scale mortality 
(Treatments applied in August)  
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• Females lay eggs in flower & vegetative buds 
as bud scale separate, late Stage 2

• Flower buds are susceptible in stages 2, 3 
(February to March for Rabbiteye)

• Up to 80% flower bud loss (Lyrene, FL 2004)

• Midge injury is easily underestimated: Midge-
aborted flower buds are readily mistaken for 
cold injury or poor pollination 

male

female

Larvae/maggots

Blueberry Gall Midge (~3 mm)

http://edis.ifas.ufl.edu/LyraEDISServlet?command=getImageDetail&image_soid=FIGURE%201&document_soid=IN293&document_version=46095


Blueberry Gall Midge

Monitoring

• Collect flower buds 2 to 3 times per week 

• Place them in zip-lock bags to monitor for 
larval infestation

• Use double-sided sticky sheets to capture 
adults

• Use bucket traps to monitor adult emergence 
(may be less efficient)



Blueberry Gall Midge 
Monitoring

Fungus gnat abundance peaked 
2-3 weeks before gall midge 
infestation peaked. 





Blueberry Gall Midge (~3 mm)

Control:

• Flower bud stage-2 to bloom/fertilization is the 
window of vulnerability 

• Must protect stage-2 up to bloom when weather 
is mild

• Diazinon early, followed by Delegate, Entrust 
(organic), Assail, Sivanto, and Movento

• Midge insecticides are protectants:

• They don’t control existing larval infestations

• Thorough coverage is a must

Spray timing is the key to gall midge control



Gall Midge



Feeding Injury

Injury to flowers Injury to fruits

(Credit: H. A. Arevalo)

• Many species found in Georgia blueberries 
(Frankliniella tritici, F. occidentalis, F. bispinosa)

• Feed on leaf and flower surfaces
• Active before, during, and after bloom 
• May move from other flowers to blueberry
• Feed on the internal parts of flowers, reducing pollination and fruit set

• Damage to southern highbush can cause up to 60% lower fruit set (GA)

• Cause tight curling and malformation of leaves

Flower Thrips (1-2 mm)



Flower Thrips (1-2 mm)
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Flower Thrips (1-2 mm)

Monitoring:

• Sample 2 to 3 times per week beginning with Stage 3

• Place bloom clusters in sealed bags to drive thrips out

Thresholds:

• > 2 per cluster of eight flowers

CONTROL:

• Diazinon early, followed by Entrust, Delegate, 

Assail, or Sivanto



Insecticide efficacy against flower thrips adults in southern highbush blueberry
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Thrips Management
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One spray vs. Two sprays
(Second spray was done after a week of first spray)



Chilli Thrips

• Invasive species from Asia

• Recently found on Georgia 
blueberries 

• Appears later in the season

• Chilli thrips can be 
distinguished from flower 
thrips by its: 

• smaller size 

• incomplete dark stripes 
on its abdomen

• dark wings Flower thrips Chilli thrips



Chilli Thrips Detections in GA 



Injury from chilli thrips on young blueberry plants

• Chilli thrips are more injurious than flower 
thrips

• Young blueberry foliage are damaged in late 
spring to early summer just after the bushes 
are pruned

• The injury includes bronzing, curling, and 
darkening leaves with streaks

• Thrips injury usually starts on the dorsal part of 
young leaves and gradually expand to all areas 
of the leaf blade

• Chilli thrips affect plant vigor and reduce the 
number of berries the following season

• Multiple sprays are needed to control chilli
thrips



Injury in mature blueberry bushes

Photos by B. Panthi, L. Buss, and S. Lahiri

Bronzing
Curling

Reduce plant vigor and number 
of berries the following season

Darkened leaves 
with streaks



Insecticide Treatments

Treatment
(Active Ingredient, AI)

Insecticide 
Brand Name

Rate (AI/ac)
Group 

No.
Mode of Action

Tolfenpyrad Apta® 15 SC 27 fl oz/acre 21A METI I

Acetamiprid Assail® 30 SC 5.3 oz /acre 4A Neonicotinoid

Spinetoram Delegate® WG 7 oz/acre 5
Nicotinic

receptor allosteric 
modulator

Flupyradifurone Sivanto Prime® 14 fl oz/acre 4D Butenolides

Flupyradifurone + 
Nonionic Low Foam 

Adjuvant

Sivanto Prime® 
+ Induce®

14 fl oz/acre +  

0.25 v/v
4D

Butenolides + ethers and free 
fatty acids

Sulfoxaflor Transform® WG 2.25 oz/acre 4C Sulfoximines

Control (water) NA NA NA NA



Performance of various insecticides on larval and 
adult thrips in blueberry (2020)
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Distribution of SWD in the US

1980

BC

Spotted-Wing Drosophila (SWD)



Saw-like 
ovipositor

Spotted-Wing Drosophila (SWD)

Female

Black 
spots on 
wings

Male

2 black 
combs on 
front legs 



Breathing 
tubes

One generation
8-10 days (25°C)

Eggs: 
12 hours - 3 days

Adults:
59 days

Larvae:
3-13 
days

Pupae:
3-15 
days

Annual Crop Losses
$718 million

Increased Management Costs
$129 million

Spotted-Wing Drosophila (SWD)



SWD Phenology   

Average weekly adult SWD captures (Mean±SEM) per trap at each of the three trapping 
locations across all sites



American Beautyberry

Elderberry

Pokeweed

Large Gallberry

Vaccinium spp.

Vaccinium spp.

Vaccinium spp.

Rubus spp.



SWD oviposition and adult eclosion per berry (Mean ± SEM) in 2016
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(Panthi et al. 2022)

Monitoring SWD: Wet vs Dry Traps



Dry vs Wet Traps



 Salt extraction 

 Lightly squeezing 
berries

 8.2% salt solution

 Sugar extraction

 Lightly squeezing 
berries

 18% sugar solution

 Freezing 

 Dissection

Current SWD larval 

sampling methods in 

small fruits

Van Timmeren et al. 2017



Comparison of 

larval extraction 

methods 

Vacuum extraction setup

 Larval extraction efficacy was highest at -
98 kPa for 60 minutes.

 The extraction efficacy ranges from 61-
83% of the total larval infestation.

 Blueberry sample volume (2-16 oz) does 
not interfere with the larval recovery.

 Compared with salt and sugar extraction, 
vacuum extraction was equally or more 
efficient in extracting the larvae.



SWD Management

➢ Biological control

➢ Chemical control

➢ Behavioral control 

➢ Cultural control



Biological control
Survey of resident parasitoids



Biological control

Survey of resident parasitoids



Biological control

Survey of resident parasitoids



Biological control



Release of exotic parasitoid – Ganaspis bransiliensis

Biological control

In 2022 and 2023, a total of 15,781 wasps (9,054 females and 5,761 males) 
were released at 18 sites and 9 unique locations. To determine establishment 
at the release sites, we plan to use sentinel traps or fruit samples.



Release of exotic parasitoid – Ganaspis bransiliensis

Biological control

In 2022 and 2023, a total of 15,781 wasps (9,054 females and 5,761 males) 
were released at 18 sites and 9 unique locations. To determine establishment 
at the release sites, we plan to use sentinel traps or fruit samples.

How can you help?



9 states, 19 state x crop combinations

CA, OR, WA, MI, ME, NY, NJ, NC, GA, FL 

2020 summary rankings of insecticide efficacy against SWD 

Chemical control



9 states, 19 state x crop combinations

CA, OR, WA, MI, ME, NY, NJ, NC, GA, FL 

OMRI Listed Materials

2020 summary rankings of insecticide efficacy against SWD 



Season-long Management Programs

Management Strategy Weekly rotations

Export-friendly, maximum 
modes of action

Imidan, Malathion, Delegate, and Danitol

Short preharvest interval 
(PHI) 

Mustang Maxx and Malathion 

Reduced risk Delegate, Exirel, Verdepryn

Organic Entrust, Grandevo, and Pyganic



Population models and optimizing 
chemical control
(led by Vaughn Walton Program)
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Mermer et al. 2020. Impact of timing of insecticide sprays on D. suzukii life stage and populations

Hard sprays applied early in the season will result in lower population levels

Mortalities: Low= 12, Mid = 64, High = 98



Insecticide effects on 
parasitoid wasp

Roubos et al. 2014



What about organic 

insecticides?
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1) FMP: Farmer’s Management Program

2) BMP: Best Management Program

Season-long Management Programs



9 states, 19 state x crop combinations

CA, OR, WA, MI, ME, NY, NJ, NC, GA, FL 

2020 summary rankings of insecticide efficacy against SWD 



Efficacy of Organic Insecticides in Blueberries 

Trade name Field rate (maximum) 5 gal 

water
1 Entrust SC 6 fl oz/acre 17.7 ml
2 PyGanic EC 1.4 64 fl oz/acre 189.3 ml
3 Venerate XC 8 qrts/acre 757 ml

4 Azera 3.5 pints/acre 165.6 ml

5 OxiDate 2.0 128 fl oz/100 gal water 189.3 ml

6 Jet-Ag 1 gal/100 gal water 189.3 ml
7 AzaGuard 16 fl oz/acre 47.3 ml
8 Grandevo 3 lbs/acre 136 g



Efficacy of Organic Insecticides in Blueberries 



SWD Activity in the Field  



A slow-release “attract-and-kill” formulation (SPLAT/HOOK 
SWD) shows promise under field conditions.

Klick et al. J. Insect Science. 2019

HOOK

Behavioral Control Strategies



Combi-protec as a novel adjuvant for SWD chemical management 

Semi-field bioassays were conducted to 
identify the efficacy of combi-protec as an 
adjuvant for SWD insecticide management.

Compared with full dose Entrust alone 
application, when added with adjuvant 
combi-protec, reduction of insecticide dose 
by half in the treatment did not significantly 
decrease the insecticide performance

Mortality Progeny emergence



Goal: Reduce Habitat Favorability 

Rice et al. 2017 J. Insect Behav.; Diepenbrock and Burrack 2016
J. Appl. Entomol.; Rendon et al. 2019 Pest Manag. Sci.

Il
lu

s
tr

a
ti
o
n
: 

M
a
rc

o
 R

o
s
s
i-
S

ta
c
c
o
n
i,
 ©

 O
S

U

TEMPERATURE
Don’t survive at constant 
temp >87.6°F; No egg 
laying at 95°F

RELATIVE HUMIDITY
Lifespan and egg production 
increase with relative 
humidity; Do better >70%RH

Organic		

SWD	
Management	

Cultural Control Strategies



Physical Exclusion

Organic		

SWD	
Management	

Exclusion trials:  AR, MI, MN, OR, NY

➢If done right, mesh netting <1 mm works to 
exclude flies, reduce fruit infestation, and 
improve marketable fruit yield in 
raspberries and blackberries
➢100% control possible in blueberries
➢If installed before fruit ripening/SWD 

susceptibility begins, will keep flies out of 
tunnels
➢Tunnel grown fruit often higher quality
➢May not be feasible for large farms due to 

high initial cost



Irrigation

Organic		

SWD	
Management	
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Mulching

Organic		

SWD	
Management	

• Mulching trials:  CA, GA, MD, MI, MN, OR

• Mulches such as weed fabric and mylar that 
provide physical barrier:

➢ Prevent SWD larvae from entering the soil to pupate

➢ Increased surface temperature in some studies

➢Decreased SWD survival above the mulch & fruit 
infestation

Pine Bark Black Weed Mat Silver Reflective

Pupa
Pupa

Photo: Dalila Rendon Rendon et al. 2019 Pest Manag. Sci.



Pruning

Organic		

SWD	
Management	

• Pruning trials:  CA, GA, MD, MI, MN, OR

• Heavy pruning altered microclimate which 
affected habitat suitability for SWD

➢ Increased temperature & light intensity, decreased RH in 
canopy

➢Decreased oviposition and fruit infestation

➢May decrease marketable yield in some systems 

➢May improve spray coverage and harvest efficiency

Light Pruning Heavy PruningMedium Pruning

Canopy Density



Harvest Frequency

Organic		

SWD	
Management	

2015

2016 ➢ Removes resources for 
SWD from the farm

➢ Highest marketable yield 
per unit effort with a 2-
day harvest interval



Sanitation

Organic		

SWD	
Management	

➢ Remove and destroy cull fruit

➢ Leave in a sealed container 

➢ 2-3 days in direct sun

➢ Bury ≥ 2 ft deep



Postharvest Cold Storage

0°C = 32°F
2.2°C = 36°F
20°C = 68°F  

Organic		

SWD	
Management	

Kraft, et al. 2020.  J. Econ. Entomol.



SUMMARY



SUMMARY

✓ SWD remains to be the key pest. Adult SWD flies can be trapped year-
round. 

✓ Red panel traps baited with commercial lures are just as effective as 
liquid traps

✓ Wooded areas seem to serve as population reservoirs. A number of 
wild plant species present in wooded areas can serve as hosts of SWD

✓ A number of conventional insecticides are effective against SWD but 
repeated application may result in insecticide resistance and secondary 
pests. 

✓ Make sure to rotate insecticides with different MOA 

✓ Use more reduced risk insecticides to minimize nontarget effects

✓ Majority of SWD activity in the field occurs during dawn and dusk, and 
making insecticide applications during these times will result in much 
better control of SWD



SUMMARY

✓ Organic management remains a challenge. A combination of 
organic insecticide applications and cultural strategies may be 
needed for effective control 

✓ Bud mites, spider mites, scales, gall midge and flower thrips are 
the most important secondary pest issues

✓ Frequent sampling is necessary to determine infestation levels and make 
control applications

✓ A number of insecticides including JMS Stylet Oil, Damoil, and other oils 
are effectives against budmites and scales 

✓ Other insecticides including Assail, and the new products – Sivanto, 
Centaur, Movento are effective against most of the secondary pests

✓ Spray timing and coverage are key to good control

✓ Permit to release exotic SWD parasitoids has been approved. 
We’ll start field evaluation this year

✓ Further research on behavioral control technologies also ongoing 
and we’ll keep you updated on the progress



SUMMARY

✓ Do not apply oil during periods of high temperatures
✓ Do not spray immediately before, during, or following cold weather 

or freezing temperatures b/c effectiveness is reduced at temperature 
below 50⁰F 

✓ Do not use within 14 days of lime-sulfur, captan, chlorothalonil, and 
dimethoate. 

✓ Dormant oil applications exacerbate Exobasidium
✓ Current recommendations are to make oil applications as early in the 

dormant period as possible to allow as long as possible between oil 
and sulfur applications.
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National Survey to Determine Status of SWD
A national team of researchers is conducting a survey to determine status of SWD 
research and its impact SWD management. The survey will take only 15 minutes to 
complete. Data collected will be confidential and will advance research efforts 
focused on developing more effective and efficient SWD management tools to meet 
your needs. We really appreciate your help in completing this survey. Thank you!

https://ufl.qualtrics.com/jfe/form/SV_9B5kHcjLIRgW9gO

https://ufl.qualtrics.com/jfe/form/SV_9B5kHcjLIRgW9gO
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