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Research Project Goals and Objectives 2023:

• 1) Field test candidate compounds and recommended 
commercial blends of acaricides for their efficacy 
against spider mites. 

• 2) Conduct field trials in grower collaborator fields with 
candidate alternative acaricides. This will include 
plant-based extracts and oils. 

• 3) Develop a sensitive, rapid, and cost-effective method 
to predict multiple acaricide resistance on a portable 
platform. 

• 4) Complete augmentative releases of the predatory 
mites Neoseiulus fallacis and Galendromes 
occidentalis. 



Methods: Objective 1. 
Field test candidate acaricides for their efficacy against spider mite populations

• We established small research plots in our research 
peppermint plots. Plot size was 4 by 6 feet. 

• A pretreatment sample was taken on August 1, following 
which the plots were treated at the maximum proposed 
label rate of each acaricide in the equivalent of 18.4 
gallons of water per acre. 

• Acaricides tested included Vigilant 4SC, Kanemite, 
Onanger Optek, Nealta, Magister, and the alternative 
acaricides Cinnerate, TetraCURB and Mighty Mint oil 
Treatments described in Table 1).  

• Following the applications on August 1, 2023 samples 
were taken at 3 DAT (days after treatment) on August 4, 7 
DAT on August 8, and 14 DAT on August 15. 

• From these samples a total of 15 leaves per replicate 
were scanned under a microscope and from these counts 
the number of mites from these 15 leaves was totaled. 



Acaracide Treatments 2023

• # Product  Active ingredient Rate/acre 
• 1 Control  n/a   n/a
• 2 Cinerate  Cinamaldehyde  64 oz
• 3 Kanemite 15 SC Acequinocyl  31 oz
• 4 Magister  Fenazaquin  36 oz
• 5 Mighty Mint Oil Peppermint oils  3 gal
• 6 Nealta  Cyflumetofen  13.7 oz
• 7 Onanger Optek Hexythiozox  20 oz
• 8 TetraCurb Essential oils  1 gal
• 9 Vigilant 4 SC Bifenazate  24 oz  
•
• Table1. Acaricide treatment applied to peppermint on August 1, 2023.



Figure 1. Acaricide Spray Trial- 2023
Mites per 15 leaves scanned



Figure 2. Acaricide Spray Trial- 2023
Mite eggs per 15 leaves scanned



Objective 2. Conduct trials with candidate alternative acaricides. In 
2023 we focused on Mighty Mint Oil, Cinnerate, Tetracurb. 

This “Mighty Mint” oil killed 
nearly 100% of all the mite 
populations we tested 
including super mites from 
California strawberry fields in 
2019 and 2020.

Tetracurb is a rosemary oil-
based product. It is used 
mostly on soft-bodied 
insects.

Cinnerate is a cinnamon 
aldehyde, emulsified with 
potassium oleate. 



Bioassay Methods

• We created leaf disk bioassay arenas with clean 60×15 mm 
Petri dishes into which we placed clean cotton wool cut to fill 
and fit the cavity of the Petri dish. Clean water was applied to 
soak the cotton wool to make sure mites could not escape 
without drowning. 

• We cut leaf disks (2.5 cm diameter) from 2-week-old lima 
bean plants (Phaseolus lunatus L.) and placed 4 leaf disks on 
the cotton wool in the Petri dishes. We used clean forceps to 
pull up the cotton wool to form a wall around the leaf disk to 
prevent the mites from escaping. 

• Using a clean paint brush (size 20) we gently placed at least 10 
gravid adult spider mite females on each leaf disk. 

• Each Petri dish was appropriately labelled for the replicate 
and the dose of acaricide tested.



Bioassay Methods
• Using a Potter precision spray tower, we sprayed 2 ml of 

each concentration of the acaricide. 
• After 24 h, the number of live and dead mites were 

counted.
• If possible, we calculated the LC50 (lethal concentration 

required to kill 50% of a population), the 95% confidence 
interval, the slope of the dose response curve, Chi 
squared, degrees of freedom, and, if possible, a 
resistance ratio. 

• The dose-mortality response was adjusted with the 
control treatment using Abbot’s formula. 

• Probit analysis was used to estimate LC50 values, slopes, 
and 95% confidence interval (POLO Probit 2014). The 
statistical analysis of LC50 values was performed 
according to non-overlapping of 95% CI 



Response of acaricide susceptible spider mite populations to exposure to candidate 
alternative acaricides. 

Two of the 3 alternative acaricides performed well with both Mighty Mint Oil and TetraCURB providing 100% 
mortality of the treated mites at the rates recommended on the label for both of those alternative acaricides.

Given these positive results these alternative acaricides could play a substantial role in spider mite IPM. 

Good spray coverage would be essential for good performance of these products in the field.

We just could not get Cinnerate to kill mites using our bioassay methods. Cinnerate was okay in our field trials.

Susceptible population        
Population Product % Mortalitya N LC50  95% Cl Slope ± SEM X2  
Susceptible Mighty Mint 85.0%  400 44.76 39-51  2.74±0.27 26.82 
Susceptible Cinnerate 12.5%  400 Did not calculate 
Susceptible TetraCURB 92.5%  400 48.15 38-58  2.79±0.13 56.59  
aMortality at the labelled rate  



Field populations

• Subsequently 3 populations of mites were collected from commercial 
mint fields and placed in colony in the laboratory. 

• These populations were subsequently subjected to bioassay as 
detailed above.

• These results of these Bioassays are detailed on the next slide. 



Response of field-collected and acaricide-susceptible spider mite populations to 
exposure to candidate alternative acaricides. 



Resistance Ratios

• Resistance ratios (RRs) were calculated by dividing the LC50 of the 
candidate field population by the LC50 of the susceptible lab colony. 

• As a general rule a population is considered susceptible if the RR is 
less than 10. 

• Resistance is a concern when the RR ranges between 10 and 100. 
• A population would be considered resistant if the RR exceeds 100. 
• The resistance ratios detailed on the previous slide are 

inconsequential. 
• Both Mighty Mint Oil and TetraCURB function as smotherants and 

with these types of acaricides resistance is typically not a concern.
• I have no idea why Cinnerate failed.



Alternative Acaricides

• Given these positive results in these bioassays and in addition to the efficacy of 
these products in the field trials detailed under Objective a, these alternative 
acaricides could play a substantial role in spider mite IPM. 

• Good spray coverage would be essential for good performance of these products 
in the field.

• Incorporating these alternative plant essential oil-based acaricides into the spider 
mite IPM program would reduce overreliance on the effective conventional 
acaricides.

• These alternative products have no MRL issues in target export markets like the 
European Union.



Methods Objective 3) Develop a sensitive, rapid and cost-effective 
method to predict multiple acaricide resistance on a portable platform.

• In the Zhu lab at Penn State DNA has been 
extracted from populations of TSSM collected 
from hop yards Washington State. 

• The Zhu Lab determined an optimal protocol to 
extract TSSM DNA. 

• The Zhu Lab is developing an in-house TaqMan 
genotyping assay to screen TSSM populations for 
mutations encoding for miticide resistance. 

• In 2023 we selected abamectin and bifenazate as 
our candidate acaricides for genetic analysis. 



Paper strip test
SCRI Proposal

CRISPER/Cas13

Real Time Detection of Miticide Resistance Mutations
Field and Laboratory Assays

PNW Handbook

1) Sweep Leaves and Collect Mites (5 minutes)
2) Extract DNA-Kit (2 hours)
3) Quantify DNA (5 minutes)

FieldLab
qPCR Detection Method

Signal upon mutation 
detection

www.applied-maths.com/applications/taqman-based-snp-genotyping This Objective is piggy-backing work on hops that is being 
funded by a USDA-NIFA Specialty Crop Research Initiative 
Project. Mint is the second crop we are focusing on if funded.



Conduct augmented releases of the predatory mites Neoseiulus fallacis and 
Galendromus occidentalis and quantify their role in suppressing spider mite 
populations. 

• We conducted augmentative releases of 
two predatory mite species in a commercial 
peppermint field near Granger in four 0.25 
acre plots. 

• Following release, populations of 
Gallendromes occidentalis were able to 
establish at low population densities and 
were detectable by hand lens surveys 
completed in early summer. 

• Populations of pest mites was quite low in 
this peppermint field and we doubt that the 
G. occidentalis released significantly 
contributed to the bioregulation of the 
endemic two-spotted mite population. 

• Unfortunately, in plots where we released 
Neosiulus fallacis we were unable to detect 
any successful colonization in the mint field. 



Development of a novel pheromone mating 
disruption pest management strategy to 
proactively control mint root borer

Doug Walsh, Washington State University



Pheromone-based  mating disruption of mint root borer

• Historically mint root borer management relied heavily 
on the use of Lorsban (chlorpyrifos) and Coragen 
(chlorantraniliprole). 

• With all food tolerances for chlorpyrifos being 
cancelled mint growers should have serious concerns 
around future insecticidal control of mint root borer.

• Chlorpyrifos may have one last gasp in US court, but 
moving forward it may be the merchants that restrict 
the use of chlorpyrifos in the future.

• My expectation is that the continued use of 
chlorpyrifos on mint is in question?

Lorsban

1963-2022



Objectives:
• 1- Determine the distribution of mint root borer 

within mint fields and identify parameters needed to 
generate a successful pheromone mating disruption 
assay. This was our main objective in 2021

• 2- Develop a pheromone disruption assay to protect 
mint from mint root borer. That was our main 
objective in 2022.

• Our MRB pheromone producer informed us in June 
2022 that they would not be able to synthesize the 
pheromone until August. 

• Both the WA Mint Commission and the MIRC have 
issued no-cost extensions, so we got this work done 
in 2023.



Methods
• Pheromone dispensers were deployed in early June into a rill-

irrigated peppermint field near Royal City, WA at 4 increasing 
treatment rates of pheromone per dispenser. 

• Treatments were designated as TRE2781, TRE2782, TRE2783, 
and TRE2784. 

• Control plots were also established. 
• Dispensers at each treatment rate were deployed on wooden 

stakes in three replicate 2-acre blocks at a rate of 4 dispensers 
per acre. 

• Three untreated control 2-acre blocks were also included in the 
trial. 

• Two sentinel delta traps baited with a mint root borer sex 
pheromone lure were placed in each treatment block for 
monitoring male moths seeking females. 

• A shut down or significant reduction in the number of male 
moths caught in these sentinel traps in treated vs untreated 
blocks would be indicative of successful mating disruption.

The amount of pheromone was 
determined by the length of plastic 
imbided with pheromone



Mint Root borers caught in sentinel traps 
by week ending on listed dates
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The mint field was swathed on 
August 18th



MRB capture by trap number 
(average per week for the entire season)

Trap 110 (TRE 2781) is an 
outlier. It was on the end 
of the field and likely 
recruited MRB moths in 
from the adjacent field.



Bottom line- This project did not prove much
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Ignoring collection dates and lumping all 
the data by treatment is not significant. 

Finally, simply eliminating the outlier trap 110 
(Treatment 2781) from our analysis provides 
a better estimate of any treatment effects.  



Berlese funnel samples

• On October 4, 2022, we collected ten 
1-gallon soil and root samples from the 
4 plots in which we had captured the 
most MRB from. 

• These were plots 110, 107, 108, and 
204. 

• Plots 110 and 204 had TRE-2781 as its 
dispenser treatment. 

• This was the treatment with the 
shortest strips of dispenser.  

• Plots 107 and 108 were both untreated 
controls with no pheromone 
dispensers near them. 



Splitting 1 gallon sample to fit in Berlese (left) and 
final set up of Berlese funnel bank.

From the 76 one half gallon samples processed through the Berlese funnels we collected a single 
lone mint root borer larva. We question the efficacy and accuracy of our mint root borer sampling 
methods. Overall, the peppermint field had a substantial abundance and diversity of insects in it 
through the season and the soil and root samples collected looked good. 

The data collected in this field trial is inconclusive and frankly this technology will likely never be 
adopted by mint growers. 



WSDA & Japanese Beetles

Anthony Ayers with the WSDA’s 
Japanese Beetle response team 
has a booth set up here to 
address and questions or 
concerns you may have 
regarding Japanese and the 
quarantine.
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