
1
(continued on page 2)

During the 2018 growing season, three crop safety and herbicide 
efficacy trials were conducted in commercially grown peppermint 
fields in Oregon. The primary objectives of these trials were 
to provide data in support of the registration of pyroxasulfone 
(Zidua) and associated tank mixes and to evaluate the use of 
several protoporphyrinogen oxidase (PPO) inhibitor herbicides; 
carfentrazone (Aim), flumioxazin (Chateau) and saflufenacil 
(Sharpen) at various application timings. Pyridate (Tough) 
treatments were also included in one study to continue our on-going 
evaluation of this herbicide for use in peppermint. Many of the 
herbicides and use patterns discussed in this report are not registered 
for use in peppermint. For a current list of registered herbicides refer 
to the Pacific Northwest Weed Management Handbook (https://
pnwhandbooks.org/weed). 

Pyroxasulfone (Zidua) and Saflufenacil (Sharpen) Tank Mixes 
Study.

To assess possible tank mix partners for pyroxasulfone and 
saflufenacil, a trial was conducted near Independence, Oregon, in 
an established peppermint field. Pyroxasulfone and salflufenacil 
were applied with other herbicides frequently used during mint 
dormancy (Table 1). Two pyroxasulfone-containing premixes were 
also included. All treatments were applied 20 gallons per acre of 
water. Some injury was visible in June from some of the treatments 
and there were differences in oil yield. In general, our data continue 
to suggest that pyroxasulfone is safe for use on mint and will control 
problematic weed species. It may also be tank mixed with commonly 
applied mint herbicides.

MIRC Multi-state Saflufenacil (Sharpen) Weed Science 
Project.

Weed control efficacy and mint crop safety trials with saflufenacil 
were completed at five locations across the U.S. Final results indicate 
that saflufenacil applied to dormant or nearly-dormant mint early 
in the growing season at a proposed use rate of 2.0 oz/A (0.45 
lbs ai/A) is safe to the crop and results in good to excellent weed 
control of various problematic weed species (Table 2). Applications 
made later in the growing season following green up and significant 
mint growth resulted in greater crop injury. Mint hay biomass and 

oil yield measurements were conducted at the various locations. 
Yield results following saflufenacil applications are comparable to 
currently labeled industry standards. These combined efficacy and 
crop safety results indicate that saflufenacil has the potential to be a 
useful herbicide for use by mint growers.

Pyridate (Tough) Use on Pigweed

A trial was conducted post-harvest in a double-cut peppermint 
field near Independence, Oregon. The trial area had a population 
of redroot pigweed that has allowed us to evaluate pyridate and 
pyridate tankmixes (Table 3). The herbicide treatments were applied 
using a bicycle wheeled sprayer in 20 gallons per acre. Good to 
excellent control of pigweed was achieved with most treatments at 
this location and injury to the peppermint was minimal, however 
some treatments did appear to reduce mint oil yield. 

Upgrade of Peppermint Distillation Equipment.

Our distillation equipment used and housed at the OSU Hylsop 
Research Farm for many years was no longer functional because the 
boiler used to create steam at the farm was condemned and would 
not be repaired or replaced because it is cost prohibitive for the 
University to do so. If we were to continue to generate peppermint 
oil yield results from our experimental research work, we needed to 
develop and construct a new system for distilling small quantities 
of mint biomass.  We contracted with Newhouse Mfg. Co. Inc, 
Redmond, Oregon, for them to fabricate six small 10-gallon 
distillation units and associated equipment (biomass baskets, etc.) for 
our program. The distillation units have been purchased, installed at 
Hyslop Farm and are functioning well. This was a one-time request 
to the Oregon Mint Commission to upgrade our equipment and 
has allowed us to again generate oil yields from experimental weed 
management treatments that herbicide registrants and entities such 
as IR-4 and the ODA often request. We are grateful for the support 
of the Oregon Mint Commission that allowed us to make this 
equipment upgrade.

Trials Planned for 2019

Trials are planned or in progress for the 2019 growing season. 
One is a continuation of our work with pyroxasulfone and PPO 
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  Common Purslane Sowthistle Prickly                      Peppermint  
  groundsel speedwell Control lettuce Epilobium 
Treatment       Injury Oil yield
Name Rate 4/10/2018 4/10/2018 6/5/2018 6/5/2018 6/5/2018 6/5/2018 7/2/2018 

 lb ai/a1   %    lb/a
untreated   0 0 0 0 0 0 20.7
saflufenacil 0.0445 100 68 100 100 93 25 42.4 
     + MSO 1.0  
     + AMS 1.67       
saflufenacil 0.0445 100 86 95 100 88 13 46.0 
     + paraquat 0.5    
     + MSO 1.0  
     + AMS 1.67       
pyroxasulfone 0.19 79 100 100 100 100 0 48.7 
     + terbacil 1.2        
     + paraquat 0.5       
pyroxasulfone 0.19 100 100 100 100 100 35 44.9 
     + terbacil 1.2  
     + paraquat 0.5  
     + saflufenacil 0.0445  
     + MSO 1.0    
     + AMS 1.67       
pyroxasulfone 0.19 95 100 100 100 100 30 46.4 
     + oxyfluorfen 0.5        
     + paraquat 0.5       
pyroxasulfone 0.19 100 100 100 100 100 18 49.3 
     + oxyfluorfen 0.5   
     + ‘paraquat 0.5      
     + saflufenacil 0.0445     
     + MSO 1.0      
     + AMS 1.67       
pyroxasulfone 0.19 78 100 100 63 100 10 42.8 
     + sulfentrazone 0.313       
pyroxasulfone 0.19 43 88 13 13 13 0 31.5 
     + pendimethalin 1.9       
pyroxasulfone-flumiox 0.339 42 99 87 101 100 54 41.8
pyroxasulfone-flumiox 0.339 100 100 100 100 100 73 35.2 
     + saflufenacil 0.0445    
     + MSO 1.0       
     + AMS 1.67       
pyroxasulfone-carfent 0.2035 43 80 38 38 38 0 31.6
pyroxasulfone-carfent 0.2035 99 99 100 101 100 38 39.3 
     + saflufenacil 0.0445  
     + MSO 1.0       
     + AMS 1.67              
LSD P=.05  22 15 23 22 22 23 8.7 
1The rate is %V/V for MSO        

Table 1. Pyroxasulfone and saflufenacil tank mixes in dormant peppermint, applied 2/1/18, Independence, Oregon

inhibitor timings and will build on data to support registration 
and improve the use of these products. This will be a national 
effort in cooperation with our MIRC weed science project that 
has developed over the last several years. We will also continue to 
work with pyridate to explore application timings outside of the 

current Section 18 double cut label restrictions to support full 
registration for use in mint. Another trial will be conducted to 
refine and demonstrate possible tank mixes that could be used with 
fall applications of pyroxasulfone to explore application timings 
outside of the traditional winter dormancy timings.  
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            Peppermint    
                                 Injury   Yield 

Treatment Rate Applied1 4/10/18 5/14/18 6/5/18 8/20/18 8/28/18 

 lb ai/a2                              %   lb oil/a
untreated   0 0 8 0 52.9
oxyfluorfen 0.5 3/5/18 28 0 18 0 45.7 
     + paraquat 0.5 3/5/18      
     + NIS 0.25 3/5/18     
saflufenacil 0.0445 3/5/18 45 15 10 0 52.1 
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
saflufenacil 0.089 3/5/18 63 18 15 0 50.9 
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
saflufenacil 0.134 3/5/18 70 18 20 0 50.6 
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
saflufenacil 0.0445 3/5/18 63 8 5 0 47.9 
     + sulfentrazone 0.313 3/5/18      
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
flumioxazin 0.128 3/5/18 70 33 18 5 46.7 
     + saflufenacil 0.0445 3/5/18      
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
pyroxasulfone 0.09 3/5/18 68 13 13 0 48.9 
     + saflufenacil 0.0445 3/5/18      
     + MSO 1.0 3/5/18      
     + AMS 1.67 3/5/18     
saflufenacil 0.0445 4/18/18  90 50 5 58.3 
     + MSO 1.0 4/18/18      
     + AMS 1.67 4/18/18     
saflufenacil 0.0445 5/1/18  95 65 0 50.4 
     + MSO 1.0 5/1/18      
     + AMS 1.67 5/1/18          
LSD P=0.05   15 18 19 NS NS 
1 3/5/18 = dormant application, 4/18/18 = “Greenup,” 5/1/18 = two weeks after “Greenup”   
2 The rate is %V/V for MSO       

                                 Peppermint  Redroot pigweed Peppermint 
                                 Injury   
    7/31/2018 9/17/2018 Control oil yield

 lb ai/a            ----- ------------------------  %  -----------------------------  lb/a
untreated  0 0 0 13
pyridate 0.94 20 0 94 55
pyridate 0.94 18 0 73 48 
     + clethodim 0.243    
pyridate 0.94 18 0 85 55 
     + bentazon 1.0    
pyridate 0.94 34 0 91 40 
     + bromoxynil 0.375    
pyridate 0.94 18 0 95 58 
     + terbacil 1.2    
pyridate 0.94 71 0 97 36 
     + saflufenacil 0.0445    
pyridate 0.94 29 4 86 48 
     + carfentrazone 0.03    
pyridate 0.94 35 0 96 51 
     + MCPB 0.5    
pyridate 0.94 18 0 91 47 
     + clopyralid 0.188    
pyridate 0.94 23 0 98 57 
     + pyroxasulfone 0.19    
pyridate 0.94 55 8 99 44 
     + sulfentrazone 0.313    
pyridate 0.94 50 0 90 47 
     + bentazon 1.0     
     + bromoxynil 0.375        
LSD  17 6 15 17 

Table 2. Timing and tank mixes of saflufenacil, Turner, Oregon

Table 3. Post-harvest applications of pyridate in double-cut peppermint, Independence, Oregon
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In 2018, we achieved the long-awaited goal of completing the 
chromosome-level mint reference genome. The reference genome, 
assembled from Verticillium wilt-resistant Mentha longifolia 
accession CMEN 585, has been undergoing steady improvement 
since the Vining lab initiated work five years ago.  This was 
possible because of a relatively new method called “chromosome 
conformation capture.” Mint chromosomes come in sets of 12. 
The mint reference genome, therefore, consists of DNA sequences 
representing 12 chromosomes (Figure 1). The DNA sequences 
themselves are strings of letters (A,G,C,T) representing DNA bases, 
the chemical building blocks of DNA. The DNA double helix 
is held together by base pairs and, therefore lengths of DNA are 
measured in base pair units (bp).

The chromosomes of the mint reference genome range in 
length from about 27 million bp to 46 million bp. Laid end to 
end, the total length of the 12 chromosomes is nearly 470 million 
bp. The number of genes on these chromosomes is 42,107. With 
complete chromosomes in hand, and with the knowledge of the 
genes they contain, we are now empowered more than ever before 
to understand the genetic mechanisms underpinning the two traits 
that are the focus of the research and breeding program at OSU: 
resistance to Verticillium wilt and oil composition. 

We are actively re-analyzing data from an Oregon Mint 
Commission- and MIRC-funded experiment studying gene 
expression in wilt-resistant and wilt-susceptible mints in response 
to Verticillium inoculation. Invasion of mint by Verticillium dahliae 
happens when the fungus enters mint roots. However, our data 
strongly indicates that the defense response in mint stems is more 
important in determining whether mint plants are resistant or 
susceptible to wilt. Knowledge of the sets of genes that are activated 
in this defense response will allow us to target these genes with 
molecular markers in the breeding program.

We have already been developing molecular markers for the 
various genes involved in the mint oil biosynthesis pathway. Genes 
that encode enzymes involved in monoterpene biosynthesis are 
located on chromosomes 2,3,5,9, and 11. Most of them have two or 
more copies that appear to be functional based on DNA sequence 
composition. These genes are highly similar at the DNA sequence 
level, so it is a challenge to target just one copy based on the gene 
sequence itself. Since we now see where individual copies of these 
genes exist on chromosomes, we can target the gene space adjacent 
to the genes where there are more DNA differences.  

In the OSU breeding program, we have been working with 
F1-generation progeny plants from interspecies crosses between 

M. suaveolens and M. longifolia. Based on oil analysis results from 
collaborator Mark Lange at WSU, we screened a subset of F1 plants 
for wilt resistance screening. We then selected four wilt-resistant 
F1 plants (SL1-5, SL1-18, SL1-32, SL1-34) for chromosome-
doubling treatment with the cell division inhibitor oryzalin. This is 
necessary in order to make the plants compatible for crossing with 
M. aquatica. At least 30 cuttings were rooted from each plant. The 
rooted cuttings were treated by applying oryzalin solution to the 
apical meristems, where actively dividing cells reside. Sixty to 90 
percent of rooted cuttings from each F1 plant survived treatment 
and were analyzed by flow cytometry for ploidy levels (number of 
genome copies). The initial screening of plants by flow cytometry 
identified 32 plants that showed mixed-ploidy leaves. This means 
that, within one leaf, individual cells had different numbers of 
chromosomes. Some of the cells remained diploid (two sets of twelve 
chromosomes), as they were before treatment. Other cells within 
the same leaf were tetraploid (four sets of twelve chromosomes), 
indicating successful chromosome doubling. The majority of those 
plants are slow-growing, and will be allowed to grow more to have 
more expanded leaves for further analysis.

Mint Varietal Improvement Project

Kelly Vining and Jeremiah Dung, Oregon State University  
and Mark Lange, Washington State University

Fig. 1. Heat map showing the mint reference genome scaffolded 
into 12 chromosomes. The chromosomes are ordered along 
the diagonal, with each square representing one chromosome. 
Chromosome 1 is in the lower left corner, and chromosome 12 
is in the upper right corner.
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also hypothesized that LEPA results in less mint hay lodging (falling 
over) than traditional over-canopy sprinklers prior to harvest. 

In 2018, the first year of a two-year study was completed 
comparing LEPA using drag hoses, with typical mid-elevation 
spray application (MESA) sprinkler heads, the typical sprinkler 
heads that are about 5-8 ft from the ground surface. Studies have 
been done comparing the irrigation application efficiency of LEPA 
and low elevation spray application (LESA) with MESA and 
have shown that LEPA/LESA is able to get 15-20 percent more 
water to the ground per gallon pumped than MESA (Peters et al., 
unpublished). 

We proposed to demonstrate the water savings of the LESA/
LEPA method and to measure its impact to mint oil yields. This 
was done on a large scale using a full-sized center pivot and 
included many samples across a larger area. Every other span of this 
pivot was converted to LEPA/LESA and was designed to emit 15 
percent less water per acre than the MESA sections. Soil moisture 
measurements and hay and oil yields and lodging was measured 
underneath each of these and compared with the MESA spans. We 
also compared all of these to the pivot corners, which were irrigated 
with hand lines.

There was no significant difference between soil moisture 
content underneath the LEPA/LESA spans and that under the 
MESA spans. Although the peppermint oil yields in the LESA/
LEPA treatments was slightly greater than the MESA sections in 
the first and second harvest, those differences were not statistically 

(continued on page 6)

It has been generally observed that rill irrigated fields often get 
better oil yields per acre than sprinkler-irrigated fields. Some of 
the mint oil yield differences may be due to decreased lodging of 
the mint in surface or drip compared with sprinkler irrigation. It 
has also been hypothesized that since the oil is held on the mint 
leaves surface water from sprinklers may be washing the oil from the 
leaves. This has been supported to some extent by research showing 
that using low elevation precision application (LEPA; Peters, 2016; 
Peters, 2014), a method where water is dribbled directly onto 
the soil surface instead of being applied through a sprinkler, may 
increase the overall oil yields from center-pivot-irrigated fields. It is 

Center Pivot Modifications for Improved Efficiency  
and Mint Oil Yields on Mint 

R. Troy Peters, Professor of Irrigation Engineering, WSU and Behnaz Molaei, PhD student, WSU

Fig. 1.  Converting three spans of center pivot in mint field in 
Toppenish from MESA to LESA/LEPA.

Fig. 2. Mint field in Toppenish, three spans LESA/LEPA and the other spans MESA

SPEARMINT

MESA LEPA

PEPPERMINT



6

Fig. 4. Taking mint samples and distilling them for hay yield and oil yield measurements.

Fig. 3. Irrigating the mint with LESA (on the left) for the early part of the season and following the first harvest. 
Then converting to LEPA drag hoses (on the right).

significant. This was despite using 15 percent less water than the 
MESA sections. In the spearmint there was a much greater (very 
close to the 0.05 level of statistical significance) concentration of 
oil per pound of mint hay in the LESA/LEPA than there was in 
the MESA. Although the hand-line areas produced a much greater 
amount of hay (statistically significant differences in the second 
harvest), that hay didn’t have very much oil on it and it had the 
lowest overall oil yield per acre of any of the treatments. These oil 
yield differences may have been due to chance, however, since the 
P-values for those mean separations were high. There was a large oil 
concentration difference in the first harvest, but not in the second 
harvest. This result has been seen in past studies as well. There 
may be something associated with hot and dry weather before 
harvest that enhances this oil concentration separation between the 
different methods of irrigation.

Lodging was also studied using aerial imagery from a drone 
and some sophisticated image analysis. The results shows that the 
percentage of lodging in the MESA spans is significantly (P=0.03) 
greater than the LESA/LEPA section (Fig. 7).

Fig. 7. A composite of 
aerial images that were 
collected from a drone 
just before harvest and 
shows lodging of the 
mint under the MESA 
sections (lighter green) 
compared to the 
LESA/LEPA spans 
(darker green). 

MESA

LEPA

MESA

LEPA

MESA

LEPA
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Fig. 5. Hay and oil yield results from the first harvest on peppermint and spearmint.  
The shown P-value is the probability that differences between the means shown is due to natural variation.

Fig. 6. Hay and oil yield results from the second harvest on peppermint and spearmint. The shown P-value is the 
probability that differences between the means shown is due to natural variation.

Conclusion

We converted every other span of a full-size pivot to LESA/
LEPA and compared it with MESA. Despite 15 percent less water 
coming from the sprinkler nozzles (gpm/acre) in the LESA/LEPA 
spans than in the traditional MESA spans, equivalent or greater 
oil yields were obtained. There were not significant differences 
in the soil water content between LESA and MESA. This shows 
that large water savings are possible by using LESA/LEPA. It also 
indicates that LEPA leads to increased oil concentration on mint 

hay, especially during the hot parts of the summer. Aerial imagery 
was also used to show that there was stastically greater lodging 
(mint falling over) under spearmint in the MESA spans than there 
was in the LESA spans. This was the first year of at least a two year 
study and we plan to collect additional data to make sure that the 
results were not due to year-to-year weather and climate variation 
and to help understand the differences between spearmint and 
peppermint.
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Verticillium dahliae is a ubiquitous fungal pathogen with a 
documented host range of hundreds of dicotyledonous plants, 
including commercially important mint (Mentha) species. Despite 
the extensive host range of V. dahliae, a degree of host adaptation 
occurs, with some isolates exhibiting different levels of aggressiveness 
depending on the host species, and sometimes among cultivars 
within a species. Isolates of V. dahliae from mint are highly aggressive 
on mint compared to isolates from other hosts; conversely, isolates 
from other hosts, such as potato, cause little to no Verticillium wilt 
symptoms in mint (Fig. 1). Genes associated with pathogenesis and 
aggressiveness in V. dahliae need to be identified to guide breeding 
efforts and enable sustainable mint production. The goal of this 
research is to compare profiles of mint genes that are expressed in 
response to infection by aggressive and non-aggressive V. dahliae 
isolates from mint and potato, respectively, as well as healthy, non-
infected mint. 

Understanding Isolate-Specific Interactions to Improve Management 
of Verticillium Wilt of Peppermint 

 Jeremiah Dung and Jeness Scott, Oregon State University 
David Wheeler and Dennis Johnson, Washington State University

Potato
isolate

Mint 
isolate

Fig. 1. Response of Black Mitcham peppermint following 
inoculation with an aggressive mint isolate (left) and a non-
aggressive potato isolate (right) of V. dahliae.

Fig. 2. The overall results of cluster analysis comparing the pattern 
of gene expression of Black Mitcham peppermint after inoculation 
with an aggressive mint isolate of V. dahliae (M_111) and a non-
aggressive potato isolate of V. dahliae (M_653). A water-treated 
control (M_CON) was also included. Red denotes genes with high 
expression levels and blue denotes genes with low expression levels. 

Measuring Gene Expression Using RNA-seq Technology

Gene expression in organisms begins when DNA is transcribed 
into a messenger molecule, called RNA, before being translated into 
the proteins that dictate the form and function required for life. 
RNA-seq is a technology that can identify and quantify genes as they 
are transcribed from DNA to RNA, before translation into proteins. 
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If genes are expressed more under certain conditions, such as drought 
stress or disease, more RNA is produced. Alternatively, genes may 
also be expressed less resulting in less RNA being produced. The 
discovery of V. dahliae genes involved in disease development and 
host genes involved in defense have resulted from the application 
of RNA-seq technology to Verticillium wilt in crops such as cotton 
and tomato. However, this technology has not been used to describe 
the genetic responses of mint to isolates of V. dahliae that differ 
in aggressiveness or to describe the pathogenicity-related genes that 
vary with the aggressiveness of different V. dahliae isolates.

Isolate-specific Responses in Host and Pathogen Gene 
Expression

A greenhouse trial was conducted in 2018 in which Black 
Mitcham peppermint plants were inoculated with one of two 
isolates of V. dahliae: one that is aggressive towards mint (M_111) 
or one that is aggressive towards potato (M_653). A water-treated 
control was also included for comparison. Five peppermint plants 
were destructively sampled ten days post-inoculation and RNA was 
extracted from whole plants. Segments of expressed genes, called 
RNA transcripts, were sequenced and quantified. Cluster analysis 
was used to find genes with similar expression patterns within each 
treatment and clusters were compared among treatments. Different 
gene expression patterns were observed among Black Mitcham 
peppermint plants inoculated with the two isolates of V. dahliae; 
gene expression patterns were also markedly different in the healthy, 
water-inoculated plants compared to inoculated plants (Fig. 2). 
Differential gene expression was also observed between the two 
different isolates of V. dahliae following inoculation onto Black 
Mitcham peppermint (Fig. 3). Further analyses are underway to 
identify differentially-expressed genes and validate RNA transcript 
data using quantitative PCR (qPCR). 

Conclusions

Genes of V. dahliae and peppermint that are differentially 
expressed during infection, and therefore associated with disease, 
are currently being identified and validated with qPCR technology. 
Once identified and validated, genes of V. dahliae that differ 
between isolates can potentially be used to design detection assays 
that differentiate between isolates aggressive towards mint and other 
isolates of less concern to mint growers. V. dahliae genes associated 
with infection can also be used to engineer resistant plants via RNA-
interference (RNAi) or CRISPR technologies or guide conventional 
breeding efforts. 

Fig. 3. The results of cluster analysis comparing V. dahliae gene 
expression of an aggressive mint isolate (M_111) and a non-
aggressive potato isolate (M_653) after inoculation onto Black 
Mitcham peppermint. Red denotes genes with high expression 
levels and blue denotes genes with low expression levels. 
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Introduction

A variety of pesticide products have been tested for efficacy 
on Verticillium wilt in peppermint with soil fumigants (such as 
metam sodium) applied prior to planting being the most effective. 
Soil fumigants are only cost-effective in certified peppermint root-
stock; while they are cost-prohibitive in peppermint for essential 
oil production. Fungicides are generally less expensive than soil 
fumigation, but so far have not effectively controlled Verticillium.

Biopesticides are a rapidly emerging product-type in 
United States agriculture. Biopesticides are naturally occurring 
substances, such as microbes, Bt bacteria, plant extracts, fatty 
acids or pheromones that control pests. They offer complex and 
novel modes of action, could be complimentary to and more 
cost-effective than conventional pesticides and pose lower risks 
to human health and the environment. There are at least four 
biopesticides currently registered for use on mint that claim 
control or suppression of Verticillium on the label. These products 
have already demonstrated some degree of efficacy on Verticillium 
in other crops. Unfortunately, it does not appear they have been 
thoroughly evaluated in peppermint.

Methods

To evaluate the efficacy of biopesticides on Verticillium in 
peppermint, a greenhouse trial was initiated in April 2018 with 

field soil in raised beds (4 ft2 plots). Background levels of Verticillium 
in the soil were zero. The soil was inoculated with Verticillium 
microsclerotia from Central Oregon isolates grown in Dr. Jeremiah 
Dung’s laboratory. The top 4 inches of soil in each plot was mixed 
with inoculum in a cement mixer at a targeted rate of three colony 
forming units (cfu) per 1 cubic cm of soil. To facilitate inoculum 
establishment, ‘Yamhill’ soft white winter wheat was grown as a 
cover crop. After 56 days, wheat hay was removed. Additional 
sampling found the inoculum level in the soil was an average of 2.7 
cfu per cubic cm of soil.

On July 24, 2018, certified ‘M83-7’ peppermint rhizomes 
were planted and biofungicide treatments were applied in-
furrow at planting. Treatments were sprayed over the rhizomes in 
open furrows. The treatments listed in Table 1 were arranged in 
randomized complete blocks with eight replications. Positive and 
negative controls were included where the positive control was 
planted into inoculated soil and the negative control was planted 
into non-inoculated soil. Unfortunately, the negative control was 
inoculated by mistake. To correct this mistake the top 5 inches 
of soil was removed from those plots prior to planting.  After 
treatment application, furrows were closed and sprinkler irrigated 
to maintain adequate moisture within the planting depth.

Peppermint hay was harvested on November 1 and 2, 2018, 
weighed fresh, and weighed dry. After harvest, heat and irrigation 

Evaluation of Biopesticides to Control Verticillium  
Wilt in Peppermint

Richard Affeldt, Central Oregon Seeds, Inc. 
Ekaterina Jeliazkova, Jeremiah Dung, COAREC, Oregon State University

*Bios HF also contains 4.0% hydrophobic fulvic acids and 1.5% Carbon (C) derived from leonardite. 

Table 1.  List of biofungicides evaluated for efficacy to control Verticillium wilt in peppermint.

Treatment Rate per Active ingredient CFU 
 acre 

Actinovate AG 12 oz Streptomyces lydicus (WYEC 108) 1 x 107/g

Bio-Tam 2.0 4 qt Trichoderma asperellum (ICC 012); Trichoderma gamsii (ICC 080) 5 x 106; 5 x 106

DoubleNickel LC 74 fl oz Bacillus amyloliquefaciens strain D747 1 x 1010/mL

Serenade ASO 4 qt Bacillus subtilis strain QST 713 1 x 109/g

Stargus + Regalia  2 qt + 2 qt Bacillus amyloliquefaciens strain F727 1 x 109/mL 
  Extract of Reynoutria sachalinensis (5% v/v) 

Bios HF* 6 gal Various spp. of Bacillus, Bifidobacterium, Lactobacillus,  1.46 x 108/mL 
  Rhodopseudomonas, Saccharomyces, Streptococcus, and Trichoderma. 
  Total Biological Consortium 
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in the greenhouse were turned off for the winter. Peppermint 
was dormant during the winter and was irrigated occasionally to 
maintain soil moisture. Heat and irrigation were turned back on 
February 4, 2019.  

Discussion

Verticillium symptoms did not develop throughout the fall of 
2018. Fall biomass harvest, shown in Table 2, does not demonstrate 
conclusive treatment effects.

Based on our post-inoculation soil assay, we are optimistic that 
there is sufficient inoculum present for disease to occur. Therefore, 
we plan to continue managing and observing the peppermint in 
order for Verticillium symptoms to develop. We also plan to reapply 
all the biopesticide treatments in early March. At the time of 
writing this update, spring growth is beginning to develop on the 
peppermint.

If Verticillium develops, we will make visual observations of 
disease severity and measure yield of fresh and dry peppermint hay.

Treatment* Dry weight (grams)
  
Actinovate AG 114 a

Bio-Tam 2.0 89 ab

Regalia + Stargus 83 ab

Serenade ASO 79 b

Positive Control 77 bc

Double Nickel LC 76 bc

Bios HF 74 bc

Negative Control 43 c  

LSD (0.05) 34 

* Treatments sorted according to dry weight.

** Treatments followed by the same letter are not significantly different.

Table 2. Peppermint dry weight from fall aboveground  
biomass harvest.

IPM Strategic Planning for Oregon Mint
Katie Murray, Integrated Plant Protection Center,Oregon State University

A team from Oregon State University’s Integrated Plant 
Protection (IPM) Center is working with the Pacific Northwest 
mint industry on IPM Strategic Planning. The project is underway 
and meetings supporting completion of our main IPM Strategic 
Planning activities were held in January and March, 2019. 

In January, in conjunction with the Oregon mint industry’s 
annual meeting, we conducted our first “Crop Pest Losses Impact 
Assessment” survey with Oregon mint consultants. We had a total 
of 23 meeting attendees, including 13 OSU faculty members who 
participated to learn more about the assessment process and to offer 
feedback as we try to develop a process for routine assessment for 
the industry. We had nine Oregon-based crop consultants complete 
the survey process. This was a great opportunity for the industry to 
discuss and reflect on the economic impacts of specific pests and 
management activities on production outcomes. Data from this 
assessment will be summarized and made available in the coming 
months. We will work with industry representatives and OSU 
faculty to best utilize the data in targeting IPM solutions. 

In March, we formed a workgroup of 35 Pacific Northwest mint 
industry representatives, including growers, consultants, buyers, 
university faculty and other industry representatives. This group will 

support the development of a formal IPM strategic plan document 
for Pacific Northwest mint. March 8, 13 members of this group, 
with representation from Oregon, Washington and Idaho met for a 
day in Portland, Oregon, to complete the draft document. The draft 
document will be circulated by our workgroup for broad industry 
feedback before it is finalized. 

The final document, with data from the Mint Pest Losses Impact 
Assessment, will be published through OSU Extension later this year 
and made available to USDA and 
EPA through the National 
IPM Database. We will 
work with the industry and 
university faculty on ways 
to leverage this work 
toward targeted 
funding for top pest 
management priorities 
including increased 
research, education and 
regulatory support. 
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The 2018 growing season marked the fifth year of the Mint 
Pest Alert e-Newsletter, providing information on larval insect 
development based on growing degree day (GDD) models to 
assist growers and fieldmen as they considered control of mint root 
borers (MRB), cutworms and loopers. As in past years, region-
specific e-Newsletters were sent out weekly from mid-June until 
the end of July to participants in the Willamette Valley, Central 
Oregon and Eastern Oregon. The e-Newsletter was created and 
distributed with three objectives in mind: 

1.  To deliver region-specific, insect development information 
as an IPM-decision support tool for larval pest control 
throughout mint production areas in Oregon.  

2.  To assist growers, fieldmen and industry representatives in 
maximizing the effectiveness of Coragen® to control eggs 
and larvae of MRB, cutworms, armyworms and loopers.

3.  In addition, to provide degree-day information that will 
benefit those using traditional products like Orthene® and 
Lorsban Advance®.

Forecasting of MRB and variegated cutworm insect 
development was achieved using GDD models from the “IPM 
Pest and Plant Disease Models and Forecasting” software provided 
through OSU (http://uspest.org/dd/model). This information was 
used to alert newsletter recipients about the timing of pest life 
stages for making optimal insecticide applications (eg. peak moth 

flight optimal control timing for MRB with Coragen®). Extension 
cooperators provided onsite confirmation of model accuracy in 
the Willamette Valley, Central Oregon and Eastern Oregon using 
pheromone traps to monitor MRB adults and sweep-net sampling 
to scout for cutworm and other larval pests. 

Average MRB moth numbers were highest in Central Oregon in 
2018. There were three fields scouted in the Culver/Madras area. 
Central Oregon trap numbers for MRB moths peaked July 12-19 
(average 9.7 moths/trap); which lined up fairly close to the peak 
moth catch predicted by the model (July 11). In the Willamette 
Valley, MRB moth population peaked during the July 17-July 25 
sampling period (avg 3.7 moths/trap). This result was slightly later 
than the predicted peak moth catch of the GDD model, which was 
July 10. Sweep nets were used to scout for larval insects, but counts 
remained below 1 larvae/sweep in the Willamette Valley. Unlike 

the previous year, MRB populations 
behaved similarly in both the double-
cut field and the two single-cut fields. 
In the Baker Valley, four fields (with 
two sites/field) were monitored from 
June 15 to August 2.  Post-harvest mint 
root samples were collected on August 
14 prior to Coragen® application and 
were processed by Quebbeman’s Crop 
Monitoring. MRB moth activity peaked 
July 12-19 (avg 3.5 moths/trap) and 
was highly correlated with peak moth 
catch predicted by the GDD model 
on July 17. In each production region, 
sweep samples for larval moth pests 

Electronic Mint Pest Alert Newsletter Regarding Control of Mint 
Root Borer, Cutworm Complex and Loopers (Year 5)

Will Jessie, Clare Sullivan and Darrin Walenta, Oregon State University

Table 1. Newsletter recipient knowledge level of insect development based on GDD and the 
use of Coragen®, before and after reading the e-Newsletter (1=uninformed, 5=fully informed)

 Insect Development Use of Coragen® 
 - average rating - - average rating - 
Respondents Before After Before After

Mint grower 2.3 3.8 3.2 4.1

Crop consultant/scout 3.2 4.0 3.2 4.2

Total 2.8* 3.8 3.3** 4.1  
* Knowledge level rating of insect development in 2017: Before=3.3, After=4.5 
** Knowledge level rating of Coragen® use in 2017: Before=3.9, After=4.6 

Table 2. Influence of e-Newsletter on insecticide application 
timing and insecticide product choice (1= no influence, 5= heavy 
influence)

Respondents Application timing  Product choice 

Mint grower 3.8  3.2

Crop consultant/scout 3.8  3.0

Total* 3.6  3.1* 

Influence rating in 2017: Application timing=3.6, Product choice=3.4
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remained below 1 larvae/sweep. No MRB larvae were recovered 
from post-harvest root samples in Baker Valley.

As in past years, a Qualtrics® survey was distributed to newsletter 
recipients in fall 2018 in the continued effort to gather feedback 
from the industry. Respondents rated the overall effectiveness of 
the 2018 e-Newsletter as 3.8 on a scale of 1 (not effective) to 5 (very 
effective) in achieving its educational goal (assisting grower/crop 
consultants in using degree-day models and specifically targeting 
use of Coragen® for MRB control of eggs and first instar). When 
asked if the Mint Pest Alert e-Newsletter should continue as an 
ongoing project, 28 of 31 (90 percent) of respondents said “Yes.”  
Although the number of survey responses have been low, there 
has been extremely high support of the e-Newsletter continuing 
from all respondents since it started in 2014. Based on five years 
(2014-2018) of survey responses from the local mint industry, 
MRB remains one of the most serious insect pests of commercial 
peppermint in Oregon. In some growing regions, cutworms are 
considered an equally important pest, with the variegated cutworm 
being the most common and damaging species of the cutworm 
complex. In addition, symphylans and loopers were frequently 
mentioned as important pests. We will continue to provide the 
Mint Pest Alert e-Newsletter in 2019 and will incorporate the 
recommendations from 2018 survey respondents where practical. 
We will make every effort to keep the information as concise as 
possible and will clearly indicate which insecticides are used for 
which pests.

If you have not been receiving the e-Newsletter and would 
like to sign up or you have any suggested improvements for the 
e-Newsletter, please contact Will Jessie: JessieW@oregonstate.edu.
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“Regulation by retail” was a great comment and part of the 
point made by Jeff Case, CropLife of America Senior Director 
of Governmental Affairs, during his presentation in San Antonio 
at MIRC’s 2019 annual meeting. A short statement, but a big 
reality facing US agriculture. And the mint industry is not 
excluded from this concept. The good news is that as an industry 
we are engaged in these discussions, we have done and are doing 
research to support ourselves and we do a good job addressing our 
production and industry issues. 

As Jerry Bowman, executive director of the Flavor Extract 
Manufacturers Association, said during his address at our annual 
meeting, the mint industry has a good story to tell and we need 
to continue to educate people on the field-to-product practices. 
Every day you all are conducting your businesses in ways that 
ensure and improve the sustainability of the mint industry. That 
is true for all parties involved; growers, buyers, flavor houses and 
manufacturers. In summary, we have a good story to tell. We need 
to tell it and remain involved and represent our industry as issues 
arise. 

On another note, the MIRC completed its review and 
confirmation of our research priorities and direction. Eric Dowd, 
Scientific Affairs Committee (SAC) Chairman, did a great job in 
leading the SAC through a review and revisions of our research 
needs. This process began last September and was completed with 
Eric’s report to the Board of Directors in January. There were no 
major changes to the research needs and interests, but topics were 
prioritized with the newly defined four focus areas. The four focus 
areas are integrated pest management, superior new cultivars, 
agronomic and sustainability improvements and new markets. 

The intent of this was to confirm the mint industry needs and 
set priorities of topic importance so that the MIRC is making 
sound business-like decisions when it comes to funding research 
proposals. It’s always good to review and make sure we are on 
track with the industry’s needs. The SAC will continue to evaluate 
new proposals against this list of priorities and use this to make 
funding decisions. As our proposal pool continues to be more 
competitive, these choices become more challenging. This is a 
good problem to have, but it’s even better when there is a clear set 
of priorities to guide those decisions. The Board has approved the 
refined priorities and feels that we are on track moving forward. 

Aside from the currently funded research, there are a few 
projects that are “in the tank” so to speak. These are concepts that 
we are working on in hopes to generate a quality project for the 

MIRC. One of those is in the realm of 
distillation. This is an area of continued 
priority interest for the MIRC as we 
strive to find improved efficiencies 
in energy and water use during 
distillation. Many thanks to Dale 
Thacker (Alberta, Canada), Chairman 
of the distillation subcommittee, and 
Bob McKellip (Idaho) for their efforts 
in pursuing this potential project in 
steam generation. We will report more 
as this project evolves and hopefully grows “out of the tank” and 
into an MIRC project. 

Recently, Katie Murray with the Oregon State University 
Integrated Plant Protection Center and Darrin Walenta, OSU 
Union/Baker County Extension, conducted a Pacific Northwest 
(PNW) mint meeting focused on updating the Pest Management 
Strategic Plan (PMSP) for mint grown in Oregon, Washington 
and Idaho. This project was partially funded by the Oregon 
Mint Commission. The last PMSP for PNW mint production 
was published in 2002. This document was long overdue for a 
revision. 

The PMSP is a document that essentially describes the 
economically significant pests to mint, Integrated Pest 
Management (IPM) strategies implemented for control and 
identifies pest management needs that are left unanswered. This 
document can be used by the USDA and EPA during reviews of 
currently registered pesticides and new candidate pesticides for 
mint. It can serve as a key piece of information in maintaining 
and obtaining the pesticide tools needed for mint production. 
Once completed, the PMSP will be available online (http://
westernipm.org/) at the Western IPM Center housed at UC 
Davis.

All three PNW states were represented and participants 
provided valuable input to this project. The focus was on 
discussing pest management strategies for each crop stage and 
production systems for mint production. Yes, a rather tedious 
exercise, but it was well facilitated and generated good discussion 
and feedback. Thank you very much to those who attended this 
meeting.

On the pesticide registration front, I am pleased to inform you 
that we have received re-authorization for a 2019 Section 18 for 
Tough herbicide use for between cuttings of double-cut mint. 

Mint Industry Research & Regulatory Update
Steve Salisbury, Mint Industry Research Council Research and Regulatory Coordinator

Steve Salisbury
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Please note the effective dates for this use on the Section 18 label. 
Also, please be sure to complete and submit your indemnification 
agreement at the time you purchase the product. You need to 
submit that to the MIRC so that we can report the total use as 
required for the Section 18. 

As for Tough going forward and progress toward a full Section 
3 registration, we are running into some frustrations. Belchim 
Crop Protection continues to work with the EPA to satisfy all of 
the data requirements the agency is asking for to complete the 
review. However, due to a slight delay with the last data request in 
combination with a backlog of work at the agency following the 
government shutdown, the Tough approval has been delayed yet 

again. It is difficult to say exactly at this point when we will see 
the full registration, but we are working with everyone involved 
the best we can to expedite the process. 

Another casualty of the government shutdown is the approval 
of Zidua. Its approval has also been delayed to sometime later in 
2019. Zidua will have a great fit for mint as a dormant application 
for pre-emergent grass and broadleaf weed control. Barring 
any further delays, we can likely plan on having this herbicide 
available for your 2020 crop’s dormant application. 

As always, your support is greatly appreciated. Certainly, reach 
out to me if you have thoughts, questions or comments. I wish 
you all a safe and productive crop year. 

The Commission is an equal opportunity Employer, providing service  
to the public without regard to race, color, national origin, sex, age or disability.

Paid for by the Oregon Mint Commission, an agency of the State of Oregon.

 News from O.E.O.G.L.
Tim Butler, OEOGL Chairman, Aumsville, Oregon

Plans are beginning for the 2020 Annual Convention. Be sure 
to mark your calendars. The dates will be January 9 & 10 at the 
Salishan Resort, Gleneden Beach, Oregon.

If you are interested in advertising in the 2020 Meeting Program 
and Directory, a mailing will be made in August. If you do not receive 
the mailing or would like additional information on advertising, 
contact Shawn or Sue at the League office at (503) 364-2944.

MARK YOUR CALENDARS

You’ll hear the latest on the industry and  
receive pesticide recertification credit hours.

JANUARY 9 & 10, 2020
Salishan Resort • Gleneden Beach, Oregon

Make your plans to attend the  
Oregon Mint Growers 2020 Annual Meeting.

This publication is available in alternative formats upon request.

Sign-up to Receive the Latest Oregon Mint 
Industry News & Information Electronically

SPECIAL NOTICE TO OREGON MINT INDUSTRY

Three Easy Steps to Sign-up Online:
Go to oregonmint.org/signup

Enter your name, company name, address and email address

Follow prompts to confirm your subscription via email
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 Chairman:  Nathan Weishaar 541-786-2522
 Vice Chairman: Scott Setniker 503-932-9623
 Secretary-Treasurer: Jim Cloud 541-546-3535
 Commissioners: Shawn Bingaman 541-534-9465
  Collin Crocker 541-740-5075
 Handler Member: Lowell Patterson 541-475-3684
 Public Member: Bryan Kerr 503-510-9634
 Administrator: Bryan Ostlund 503-364-2944
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