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Abstract and Summary 
 

Peppermint was planted into noninfested soil or soil infested with Verticillium dahliae 
and the soil was treated with zero to high rates of fungicides prior to planting.  The 
infestation levels probably were as high as or higher than in fields classically “wilted 
out”.  As expected, within months of planting rooted cuttings, wilt was severe in the 
infested treatment without fungicides.  Fungicides generally reduced Verticillium wilt 
symptoms in peppermint through harvest, but only Quadris® (azoxystrobin) prevented all 
visual wilt symptoms by harvest.  Relative to the noninfested treatment (= 100 percent), 
the relative harvest foliage dry weight of the infested treatment without fungicides was 
only 25 percent; relative harvest foliage dry weight was 75 percent for the Quadris 
treatment and 20-55 percent for the other fungicide treatments.  For all infested 
treatments, both postharvest regrowth of foliage and health and vigor ratings, ratings of 
rhizomes were substantially inferior to those of the noninfested treatment.  V. dahliae was 
not recovered from any rhizomes from infested or noninfested plots, but it was not clear 
whether the assay was reliable.  Postseason soil assays for V. dahliae indicated that 
inoculum levels in untreated plots stayed the same or increased slightly over pre-planting 
levels; inoculum levels in Quadris-treated plots were reduced slightly, and remained 
relatively stable in plots treated with other products.  Fungicides would not be expected 
to reduce soil inoculum of V. dahliae directly -- soil clinging to rhizomes taken from 
fungicide-treated soil likely would remain infested.   Because of the very high infestation 
and because the method and timing of fungicide application were different than might be 
done commercially, it is likely that these results do not reflect the true capacity for 
fungicidal management of wilt in low or moderately infested field soils.  We suspect the 
capacity is substantially higher than reflected here.   Future work initially should focus on 
strobilurin fungicides related to Quadris.  It remains possible that annual fungicide 
treatments might not only improve oil yields but might also indirectly reduce soil 
populations of V. dahliae over time, if stem infections were eliminated and microsclerotia 
failed to form in stems.   
 
 

Introduction 
 
Verticillium wilt is the most notable soil disease affecting mint production.  Verticillium 
dahliae survives in soil as dormant, persistent microsclerotia (MS).  MS germinate and 
form actively growing mycelium (strand-like mold) and short-lived conidial spores, 
which infect root surface cells of many (perhaps most) plant species.  Despite a good 
understanding by the mint grower community about the perils of planting infected and 
infested rootstock, wilt remains a major concern.  Experience over many years indicates 
that wilt-free rootstock planted into wilt-free ground results in optimum mint 
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performance and extended stand longevity.  Wilt-free rootstock planted into wilt-infested 
ground results in moderate mint performance and moderate stand longevity.  Wilt-
infested rootstock planted into wilt-infested soil results in poor performance with respect 
to both yields and stand longevity.  This picture is somewhat simplified, because the 
actual amount of wilt and reduced stand longevity will vary with the intensity of 
infestation, the peppermint variety, and the region, climate, and management practices.  
In a long-term management study conducted in central Oregon, initial artificial and 
uniform infestation levels calculated to be 0, 0.1, 1.0, and 5.0 MS/g soil resulted in high 
levels of verticillium wilt at the highest level and very little wilt at lower levels.  Flaming 
without annual tillage increased wilt and inoculum levels over time, and nonflaming and 
nontillage kept wilt levels static over time (Crowe 1994, 1997), confirming the “Horner” 
model of optimum wilt management (Horner and Dooley 1965, McIntyre and Horner 
1973), and added to this model by actually demonstrating dramatic increases in soil 
inoculum density of V. dahliae when nonflamed stems were incorporated by annual 
tillage.   In subsequent variety trials, incorporation of MS calculated to be around 4 MS/g 
soil resulted in high levels of wilt in susceptible varieties beginning the first season.  
[Some precaution is required to interpret initial infestation levels determined by 
calculation, because lab-produced inoculum may degrade during the period that root 
infections occur.  Soil assays conducted immediately after incorporation and at the end of 
the season may not indicate actual seasonal infection activity.  Even soil assay data 
require interpretation because inoculum density versus disease incidence relationships are 
not translatable among fields, soil types, and regions.  Soil assays themselves vary in 
many small ways and results are not consistent for specific soil samples divided among 
different laboratories (Termordhuizen 1995).  Relative soil assay data are internally 
consistent within a given experiment, however, so are very useful experimentally.] 
 
Most growers cannot afford to purchase all their mint rootstock requirements from 
certified mint rootstock providers.  Rather, a smaller amount of certified material may be 
expanded within larger nurseries on their own farm.  However, many growers do not 
have enough disease-free ground for rootstock expansion, so rootstock must be grown on 
infested ground.  While preplant fumigation and fungicide applications may be cost 
prohibitive for use on mint production plantings, they may be affordable for use on 
plantings of mint rootstock.  Preplant fumigation has been well studied and provides 
control of verticillium for up to two seasons (Horner and Dooley 1966).   For short 
rotations, such fumigation is worth consideration.   However, fungicides have not been 
well evaluated; our preliminary 2000 study (Crowe and Parks 2001) suffered from 
apparent premature degradation of inoculum such that no disease occurred.  We proposed 
for 2006 to gather preliminary fungicide efficacy against V. dahliae in greenhouse 
conditions on potted mint plants.  In practice, we buried large pots in the field in order to 
promote more normal growth and development of the peppermint, and to elicit more 
normal development of Verticillium wilt.  
      
V. dahliae infections may be limited to root surface cells, in which case relatively few 
MS and no pathogenic symptoms are produced.  Infection of the root tips may lead to 
systemic invasion of vascular tissues (Gerik and Huisman 1984,  1985).  Systemic 
infections may develop as the fungus proliferates and as conidia are passively carried in 
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the xylem with the upward transpiration flow.   The mint plant then may develop wilt 
symptoms and die prematurely.   Upon stem and foliage death, the fungus then invades 
other tissues and may form abundant microsclerotia, especially in stem tissue. 
 
The possibility of using fungicides to control Verticillium wilt first was considered 
seriously when the early era systemic products were introduced. Good overviews of this 
work were published by Erwin (1973), Edgington (1981), and Edgington et al. (1981).  
Some early products (e.g., benomyl) prevented root infection and reduced systemic 
activity of the Verticillium fungus.  Based on this information, the concept of applying 
fungicides for mint wilt is of interest.  There are very few data (if any) since the early 
1970’s that revisit these issues, and modern (and generally more effective) products 
remain untested, to our knowledge.   
 
For fungicides likely to be effective against the type of fungi that includes Verticillium, 
none move systemically downward in plants, nor do any move downward through soil.  
Fungicides would have to be incorporated into soil at each application.  The most 
persistent fungicides might be effective for a single season before chemically degrading 
on soil, and many may not last that long.  The term “fungicide” technically is a misnomer 
because very few of them (except for fumigants) actually kill fungi – most only prevent 
fungal growth.  Therefore, while several fungicides might prevent verticillium growth 
and plant infection for a period of time, the soil population of MS of V. dahliae likely 
would not decline and they would be potentially active again once an effective fungicide 
degraded in soil.   
 
The opportunity for fungicidal control of Verticillium wilt would be in the first year prior 
to planting of rhizomes.  Thereafter, fungicides could be applied at or just prior to annual 
tillage of rhizomes in fall or spring.  Historically, such tillage aggravates Verticillium wilt 
by incorporating inoculum that formed in stems from prior years (Horner and Dooley 
1965; Horner 1970; McIntyre and Horner 1973; Crowe 1994, 1997).  However, if 
fungicides incorporated by tillage prevented wilt from developing, then there would be 
no or less stem inoculum to incorporate.  A relatively persistent and effective fungicide 
could both prevent wilt in the current year and suppress future wilt intensification in spite 
of tillage.  This might be especially cost effective in rootstock fields. 
 
We attempted to demonstrate not only whether fungicides prevented wilt symptoms in 
mint grown in V. dahliae-infested soil, but also to determine the extent to which rootstock 
that formed in fall might be free of V. dahliae association.  Such association could take 
three forms:  first, V. dahliae could be present by systemic infection, inside the rhizome.  
Second, V. dahliae might be carried along as surface infections on rhizomes or roots 
(Gerik and Huisman 1984, 1985).  Third, V. dahliae likely would be carried along in soil 
attached to roots.   
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Materials and Methods 
 
Microsclerotia of V. dahliae were produced in the laboratory on cellophane agar medium, 
harvested, and dried (Crowe 1994).  Rooted cuttings of ‘Black Mitcham’ peppermint 
were obtained from Mint Condition, Milton-Freewater, Oregon, and held in the 
greenhouse in flats until potted.  On June 5, 2006, rooted cuttings were planted into 3.5-
gal (10-inch-diameter by 12-inch-deep) pots.  Noninfested field soil used in the final 
potting mix was obtained from near the trial area on the Oregon State University, Central 
Oregon Agricultural Research Center (OSU-COARC) at Madras.  This soil earlier had 
been determined to be free of V. dahlia.  The final potting mix consisted of 80:20 v:v 
noninfested field soil and a commercial noninfested potting mix with a high organic 
component.  This combination was amended with 100 g/pot Osmacote® (Scotts-Sierra 
Horticultural Products Co.) slow-release fertilizer and one of three levels of MS of V. 
dahliae -- 0, 5 or 10 MS/g soil as determined by calculation, and 0, 8, or 16 colony-
forming units (CFU)/g soil as determined by immediate postinfestation soil assay 
(method described below).  For practical purposes, each CFU is equivalent to an MS, so 
our immediate postinfestation assay indicated even higher levels of MS than calculated.  
These nonzero infestations were very high, but hopefully ensured that at least one of the 
two infestation levels resulted in symptom development in peppermint within a single 
season – with the risk, however, that disease levels might be excessive.  Additionally, 
specific fungicides were added as per the treatment list below.   
 
Most fungicides chosen were modern and systemic, and some had been determined to 
persist for most of a season in prior testing against other soil fungi.  PCNB was included, 
as an old but highly persistent nonsystemic fungicide.  Plant Growth Activator Plus 
(PGAP) was used as per request of the manufacturer, who suggested it had some activity 
as a biocontrol agent and/or activator of plant defense systems (see Kessman et al. 1994).  
See Table 1. 
 
A single high rate was determined for each product by the manufacturer and/or by prior 
testing on other plant soil-borne diseases.   However, all the soil in a pot was treated, so 
all root growth was subjected to a fungicide environment.  In field treatments, it would be 
typical to treat a shallow band into which plants or seed would be located, or the 
rhizomes themselves might be treated by dipping them prior to planting.  Thus, for field 
applications, the roots eventually would grow below the zone of application.  Our potting 
trial was considered a preliminary evaluation and represented a more idealized 
environment for testing products, because roots might be protected from infection at all 
depths.  One might expect a product to perform better in the pots than in the field, 
although the systemic nature of many products might allow for control of the systemic 
growth of V. dahliae even for shallow field applications.   Ultimately, a rate equivalent 
for treating all the soil in the pots was selected to be one-half the amount applied per unit 
volume soil in a zone 4 inches deep by 8 inches wide band as per application of some 
products for certain other diseases.  The actual amount of product per pot is shown in 
Table 1. 
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Field soil, commercial potting mix, fertilizer, MS, and fungicide all were mixed for 4 
minutes before loading pots.  The field soil was damp prior to mixing on the day of 
planting, and loaded pots were lifted and dropped a few times to settle the soil mix before 
planting the mint.  Rooted cuttings were planted so that the roots were oriented 
downward and stems were oriented horizontally at 2-inch soil depth but with the upper 
stem and leaves exposed to the sun.  In the past, we found that this orientation allowed 
additional rooting from the stem and better plant establishment and growth.  One rooted 
cutting was planted per pot.  There were five replications per treatment.  Pots were placed 
into three parallel trenches with full randomization of treatments.  Pot surfaces were level 
with the field and the pot rims were spaced 4 inches apart.  A noninfested pot of mint was 
placed at each end of each trench, but these end pots were not included in data collection 
and analysis.  Trenches were refilled with field soil and additional noninfested field soil 
was used to fill pots to the rim when the final potting mix settled approximately 1 inch 
after the first irrigation.  Pots were irrigated weekly as per standard commercial practice.  
Weeds in the trial area were controlled by a single application of Chateau® herbicide 
(Valent), along with hand weeding.   Mites never became a problem during 2006.   
 
Disease notes were taken weekly once symptoms appeared in early to mid-July.  Seasonal 
disease was rated 0 through 5, with 0 = no symptoms and 5 = dead plants.  Ratings of 1 
through 4 varied with the intensity of stunting, distortion, reddening, or yellowing of 
foliage and death of foliage and stems.  Top growth was harvested on August 16, and the 
weight of air-dried tissue was measured.  Postharvest foliage regrowth was rated on 
September 21 as the percentage of pot ground surface area covered by foliage.  On 
October 5, plants were removed from each pot and rated for health and vigor of the 
rhizomes (0 = fully healthy and vigorous; 5 = dead); a picture of the rating is shown in 
Figure 5.  Additionally, on October 5, rhizomes were collected for a laboratory 
determination of infection by V. dahliae.  When assaying stems for V. dahliae in the lab, 
stems are surface sterilized for 5 minutes in 0.05 percent sodium hypochlorite (5 percent 
household bleach).  Typically, this is sufficient to remove all microbial contamination 
from plant surfaces, thus allowing organisms established internally to grow.  Stem 
sections are plated onto plain agar (“water agar”) in Petri plates.  If present, V. dahliae 
routinely grows over both the stem section and the nearby 1-cm region of water agar 
from one or more of the four stem xylem (water conducting) elements.  Identification of 
V. dahliae is determined from both its characteristic conidial sporulation above the stem 
section along with the formation of characteristic microsclerotia in the stem section and 
agar.  From such stems, particularly old and dead stems, there commonly are other fungi 
and bacteria recovered internally, but V. dahliae nevertheless grow from the stem section 
and can be distinguished from the other microbial growth.  Our expectation was that if V. 
dahliae was present internally in rhizomes, this assay would be equally successful.  We 
did recognize, however, that there would be a different assortment of microbes associated 
with underground rhizomes than above-ground stems, and that we might encounter some 
difficulties with competition among microbes.  Thus, instead of plain, unamended agar, 
we used agar amended with lactic acid to suppress bacterial growth but still allow most 
fungi (including V. dahliae) to grow.  From each living plant harvested, we collected 
three rhizomes and plated out three sections from each rhizome. 
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We initially planned to detect small micro-colonies of V. dahliae on surface cells of 
larger roots and rhizomes as per Gerik and Huisman (1984, 1985), but preliminary 
analysis of some roots and rhizomes proved that this would be beyond the capacity of the 
time and funding allocated. 
 
Further, on October 5, a soil sample was taken from each pot to determine the end-of-
season inoculum density of V. dahliae MS.  Soil was air-dried for 1 month to allow all 
conidia (short-lived spores) of V. dahliae to die, so that the soil assay reflected only 
growth from persistent MS and not from conidia.  Conidia likely would not survive in 
soil over the winter after fall planting of rhizomes, and likely would not form in spring 
until after spring-dug rhizomes were planted, thus we did not want to include conidia in 
our soil assay.  The assay utilized the Anderson air sampler, in which soil is pulverized 
and small aliquots are sucked through a porous plate and deposited uniformly over agar 
Petri plates containing a selective polypectate medium (Butterfield and DeVay 1977) – 
this was the same assay used to determine the pre-potting inoculum density. 
 

Results 
 
As partially discussed above, prepotting infestation levels were assayed by the Anderson 
Air Sampler/polypectate medium method to be 0, 8, and 16 CFU/g soil for the three 
levels of initial MS infestation.  As discussed in the introduction, it is very difficult to 
anticipate and determine just how much of the prepotting inoculum participated in 
disease development during the season.  As shown below, disease levels were high.  The 
end-of-season soil assay for V. dahliae MS in soil in October is in progress.  A revised 
report will be sent, and these data should be available well before the winter mint 
meetings in January 2007.  Almost certainly some level of V. dahliae will be present in 
soil from all infested pots, so the implications of this are discussed below.  On the other 
hand, it is hard to predict the amount of inoculum remaining at season’s end, because 
nearly all MS would be from the initial infestation and it is common for lab-grown 
inoculum to survive less well than naturally produced inoculum. 
 
Mint growth and development in noninfested pots was normal and as expected all season 
long.  Data were collected from all pots, but plant and disease data are only presented 
from the set of pots from the noninfested and lower (but still high) infestation range (8 
CFU/g soil assayed preplanting).  In general, fungicides performed less well at the 
highest infestation level (16 CFU/g soil assayed preplanting), but this level was 
considered too high to be of practical interest. 
 
Mint in soil that was infested and without fungicides developed wilt symptoms by early 
July and severe wilt symptoms by mid-August (Table 2, Figs. 1 and 2).   Wilt symptoms 
in mint planted in infested soil treated with fungicides were variable depending on the 
fungicide used.  KIF3535, Folicur®, and PGAP did lower the rate of onset of severe wilt 
symptoms compared to the infested check, but not much.  Pristine®, Elevate®, Switch®, 
and Omega® resulted in more moderate wilt symptoms.  Wilt symptoms in pots with 
PCNB were only slight.  No symptoms developed in mint planted to noninfested pots or 
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in pots in which the soil was treated with Quadris.  Most of these symptom rating 
differences were statistically significant at each time of rating, P < 0.05 (Table 1). 
 
Foliage was harvested on August 16 and air dried.  Mean dry weights are expressed in 
Table 2 and Figure 3 as a percentage of the dry weight of mint foliage in the noninfested 
pots; thus, the mean dry weight from noninfested pots was 100 percent.  In contrast, the 
mean dry weight of mint from the infested pots without fungicides was only 25 percent.  
For fungicide treatments, the only products for which mint foliage yielded more than 50 
percent of the noninfested pots were Quadris (75 percent) and Elevate (55 percent).  Mint 
in pots treated with PCNB, which seemed to result in few wilt symptoms, yielded almost 
the same as the infested check.  PCNB can stunt some crops, which may have happened 
here. 
 
Three weeks after harvest, ground cover was rated as mint regrew in the fall.  Regrowth 
in noninfested pots was uniformly 100 percent -- i.e., all the pot surface area was covered 
by new foliage.  Mean percentage ground cover for all treatments is shown in Table 3 and 
Figure 4.  Mint covered only 20 percent of the infested check pots, and the only fungicide 
treatments that resulted in 40 percent or more ground cover were Quadris (44 percent), 
PCNB (41 percent), and Switch (40 percent).   
 
On October 5, all plants were dug from pots and rated for rhizome vigor and health.  A 
rating of 0 indicated fully healthy with a full set of rhizomes.  As expected, rhizomes in 
the most vigorous plants were encircling the pots.  Plants that were dead were given a 
rating of 5.  Ratings of 0 through 5 are shown in Figure 6.  Mean ratings are shown in 
Table 3 and Figure 5.  The mean noninfested check rating was 0.6, and the mean infested 
check rating was 3.6.  The best fungicide ratings were for Quadris and Folicur (2.4), 
PGAP (2.4), and PCNB (2.7), all substantially inferior to the noninfested check but 
superior to the infested check. 
 
No V. dahliae grew from any rhizome sections in the laboratory.   No sections were 
sterile, and very few bacteria were detected.  Sections routinely yielded cultures of 
Penicillium spp., Fusarium spp. and several fungi that were not classified.  Based on the 
severity of surface sterilization, we believe all these fungi were deeply located within the 
rhizomes.  It is difficult to say for certain that no V. dahliae was present, as these other 
soil and root fungi may have out-competed and suppressed growth of V. dahliae.  We 
routinely have seen V. dahliae compete well with fungi associated with aging stem 
tissues.  Conceivably, too, the sodium hypochlorite may have killed V. dahliae if it was 
less deep in rhizomes than in stems.  We are aware of no other attempts to recover V. 
dahliae from rhizomes.  Thus, our assay remains inconclusive.  This is further discussed 
below. 
 
Post-harvest soil assays (data not shown) indicated that the population of MS were 
slightly elevated over pre-season for the untreated check plots, were slightly reduced in 
Quadras-treated plots, and remained stable in plots treated with other fungicides.  These 
were trends, but means were not statistically separable (p<0.05). 
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Discussion 
 
This experiment was designed to test the potential of fungicides to control wilt in the 
field and to keep V. dahliae out of rhizomes used for rootstock.  We were able to 
demonstrate that most fungicides impacted seasonal wilt when applied as indicated, but 
not equally.  Quadris (azoxystrobin) was particularly effective in preventing wilt 
symptoms in the manner and rate treated.  There are a number of new related systemic 
and competing strobilurin products that presumably might perform similarly or even 
better than Quadris.  Initially, PCNB seemed promising because only mild symptoms 
were recorded during the season, but harvested foliage was low with PCNB at the high 
rate used.  The other fungicides seemed less promising.  However, no fungicide allowed 
regrowth or rhizome health and vigor anywhere equal to the noninfested check treatment 
(although many were better than the infested check without fungicide). 
 
These data require substantial interpretation: 

1. Impact of rate of infestation.  In order to improve the chances for results within a 
single season, high rates of infestation were used.  Based on the disease that 
occurred, even the lower of the two rates was highly active, perhaps as active as 
inoculum present in a highly infested commercial field.  Was the infestation and 
resultant activity too high to expect disease control with any fungicide product? – 
Very possibly.  With lower, natural infestations, we speculate that Quadris and 
perhaps even other products would have controlled wilt more satisfactorily during 
the summer and perhaps allowed better rhizome development in fall and perhaps 
kept V. dahliae from infecting rhizomes.  To measure this, a longer study would 
be required, beginning with much lower rates of infestation.   

 
2. Impact of manner of fungicide treatment.  As discussed above, the potting soil in 

this field trial was uniformly treated so that all root growth occurred in fungicide-
treated soil.  In commercial practice, fungicides likely would be sprayed onto 
fields and tilled to perhaps 4-inch depth along with rhizomes themselves, or prior 
to initial planting.  Subsequent root growth would occur below this band of 
fungicide treatment, and roots likely would be infected.  Above the zone of 
fungicide placement, however, effective systemic fungicides would keep V. 
dahliae from growing internally within the upper plant.  V. dahliae likely would 
be transported with infected roots attached to rhizomes, and with infested soil 
clinging to rootstock.   

 
3. Timing of treatments.   Our trial was planted from rooted cuttings in the spring, 

and soil was treated at that time.  Commercially, one would expect to either treat 
fields at initial planting or at the time of tillage, which could be anytime from late 
fall through early spring.  Thus, the fungicide application in this study would 
more closely relate to a spring tillage or planting.  Late fall or winter application 
might be similar because most fungicide degradation is biological, and this is 
slow during winter.  Almost certainly, fungicides would require annual 
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reapplication, which would require annual tillage.  Tillage is beneficial for 
redistribution of rhizomes and for insect and weed control, but is adverse for 
Verticillium wilt because MS formed in stems and leaves becomes incorporated 
into soil.  If fungicides prevented invasion of and reproduction in the upper plant 
by V. dahliae, this cycle could be broken. 

 
4. Uncertainty about the systemic nature of V. dahliae in rhizomes.  There is little or 

no information on the systemic nature of V. dahliae in mint rhizomes.  We have 
assumed that V. dahliae grows into the xylem of rhizomes because that best 
explains the rapid and early development of wilt in commercial fields planted 
with rootstock taken from fields with a wilt history.  Infection from MS carried in 
soil clinging to rootstock likely would result in a more slowly developing wilt, as 
would V. dahliae surface infections of rhizomes.  It is accepted dogma that nearly 
all systemic infection occurs via infection of root tips and immature xylem; 
infection by V. dahliae may occur on the surface of more mature roots, but the 
fungus cannot penetrate the Casparian strip of more mature regions (Gerik and 
Huisman 1984, 1985).  However, we were unable to detect V. dahliae from nearly 
300 rhizomes (nearly 900 rhizome sections) taken from (mostly) badly wilted 
plants –  including plants from the most highly infested pots that we excluded data 
from above.  We remain uncertain whether our failure to recover V. dahliae from 
any rhizomes was due to inadequate technique or the absence of V. dahliae from 
the rhizomes.   In fact, we found ourselves unclear about the specific vascular 
anatomy of rhizomes and whether Casparian strips even are universally present.  
It would be worthwhile following the growth of an isolate of V. dahliae 
genetically altered to express the green fluorescing protein so that its growth and 
presence within rhizomes and on root and rhizome surfaces could be determined 
by direct microscopic observation (Parks and Crowe 2002); there may be 
implications in future control applications.   

 
5.  Did Quadris prevent reproduction of V. dahliae in stems?  V. dahliae  

primarily reproduces MS in stems, and MS subsequently become reincorporated 
into soil with future tillage.  Postharvest flaming/reduced tillage programs are 
based on this even though flaming is expensive and there are good reasons to till 
for insect and weed control (Horner and Dooley 1965).  Typically, if wilt 
symptoms occur, this is a good indicator that V. dahliae is present in the stems.  
We are less sure that the absence of symptoms necessarily means the fungus was 
not there – especially because postharvest regrowth and rhizome development 
happened less in Quadris-treated plots than in noninfested plots.  In retrospect, we 
wish we had collected stems of mint from the Quadris-treated pots and assayed 
the stems for presence of V. dahliae.  If mint stems in Quadris-treated plots were 
free of V. dahliae, a program of annual tillage and fungicide application might 
result in long-term reduction in soil inoculum, just as does a program of 
postharvest flaming (Horner and Dooley 1965, McIntyre and Horner 1973). 

 
Microsclerotial populations persisted nearly unchanged from pre- to post-harvest.  This is 
a reminder that soil attached to dug rootstock will continue to be a source of 
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contamination for all fields planted from rootstock grown in infested soil.  Fungicides 
might temporarily keep V. dahliae dormant in soil, but fungicides (unlike fumigants) will 
not kill MS.   
 
In conclusion, one or more fungicides used here possibly could play a role in improving 
rootstock grown in lightly infested soil, but additional testing is required to demonstrate 
this.  Of the current array of products available, the strobilurin fungicides would be best 
used in further testing.  If costs could be controlled, our study suggests that annual 
reapplication of such fungicides might improve performance of mint oil production, 
although this was not the main intent of this study.  The lack of symptoms in top growth 
with the use of Quadris (azoxystrobin) suggests that MS of V. dahliae might not form in 
stems, but we unfortunately failed to determine this (and an adverse observation could be 
compromised by the very high infestation level used).  If so, then annual fungicide 
application combined with annual tillage might both improve mint performance (from the 
tillage aspects) and keep wilt from intensifying (by reducing reproduction in stems).  
Further investigation could verify the potential for fungicides plus tillage management to 
reduce mint wilt. 
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Table 1.  List of fungicides and other treatments and rates applied to pre-plant to potting soil. 
 

Treatments     Amount of product per 3.5-gal pot  
Folicur 3.6 (430g/L tebuconazole) (Bayer)…………………………….....0.0280 ml   
Elevate (50% fenhexamid) (Bayer-Arvesta) …………………………..…0.0495 g 
KIF 3535 (40% pyrimethanil) (KI Chem)…………………………………..0.0381 ml 
Quadris (22.9% azoxystrobin) (Syngenta)………………………………..0.2176 ml 
Omega (500 g/L fluazinam) (Syngenta)……………………………….….0.0175 ml 
Switch (25% fludioxonil + 37.5% cyprodinil) (Syngenta)…………..……0.0295 g  
Pristine/BAS516 (25.2% boscolid + 12.5% pyclostrobin) (BASF)……....0.0463 g 
PCNB (75% pentachloronitrobenzene) (Amvac)………………………….1.1957 g 
Plant Growth Activator Plus (misc. bacteria) (Organica Biotech/Chlorox)...15 ml 
Infested but not chemically treated check (positive control)………………...none 
Non-infested check (negative control)…………………………………..…..…none 
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Table 2.  Mean values for seasonal Verticillium wilt symptoms between July 19 and August 9, 2006 for peppermint 
plots treated or untreated with preplant fungicides.  Data are also shown in Figure 1 without statistical analysis. 
 
 

 ___________________________Seasonal Vert symptoms_____________________________ 
Fungicide                       
treatment 19-Jul Statsa   24-Jul Stats   3-Aug Stats   9-Aug Stats 

Folicur 0.6b ab   0.9 abc   1.4 abcde   2.3 abcdef 
Elevate 0.0   b  0.0     c  0.8       def  1.2          fgh 
KIF 3535 0.0   b  0.4 abc  1.8 abcde  2.6 abcdef 
Quadris 0.0   b  0.0     c  0.0          f  0.0             h 
Omega 0.0   b  0.2   bc  0.7       def  1.4        efgh 
Switch 0.4 ab  0.6 abc  0.7       def  1.3          fgh 
Pristine 0.0   b  0.6 abc  0.8       def  1.3          fgh 
PCNB 0.0   b  0.2   bc  0.2         ef  0.4           gh 
PGAP 0.0   b  0.3 abc  1.0     cdef  1.9     cdefg 
None (+ Vert) 0.6 ab  1.1 abc  2.2 abcd  3.0 abcde 
None (- Vert) 0.0   b   0.0     c   0.0          f   0.0             h 

aMeans with letters followed by similar letters are not separable P < 0.05, as determined by Duncan’s Multiple Range 
analysis of variance. 
bSymptom rating:  0 = none, 5 = dead. 
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Table 3.  Mean values for foliage dry weight at harvest on August 16, for regrowth rating on September 21, and 
rhizome health rating on October 5, 2006 for peppermint plots treated or untreated with preplant fungicides.  Data are 
also shown in Figures 2,3 and 4 without statistical analyses. 
 

                                

Fungicide       Foliage  dry wt    
  Regrowth as  
% ground cover  

  Rizome visual 
& health ratinga  

treatment 16-Aug as % of Max Statsc  21-Sep Statsc  5-Oct Statsc  
Folicur 14.6 33     cdefg  14        ef  2.4   b  
Elevate 24.0 55   bcd  23   bcdef  3.0 ab  
KIF 3535 17.6 40     cdefg  19     cdef  3.0 ab  
Quadris 32.9 75 ab  44   b  2.4   b  
Omega 8.9 20          fg  7          f  3.4   b  
Switch 21.7 50   bcde  40   bcd  3.3 ab  
Pristine 22.0 50   bcde  24   bcdef  3.1 ab  
PCNB 11.8 27     cdefg  41   bc  2.7 ab  
PGAP 20.5 47   bcdef  34   bcde  2.5 ab  
None (+ Vert) 11.1 25        efg  20     cdef  3.6 ab  
None (- Vert) 43.8 100 a  100 a  0.6     c  

aRhizome visual and health rating: 0 = healthy and robust; 5 = dead. 
bColony-forming units of Verticillium dahiae on agar medium, representing microsclerotia/g dry soil (MS/g soil). 
cMeans with letters followed by similar letters are not separable at P < 0.05, as determined by Duncan’s Multiple Range 
analysis of variance. 
dTo be determined.  Data not available at the time of this report.
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Fig 1.  Mean Seasonal Verticillium Wilt Symptoms 
in Highly Infested Soil at Madras OR

Treated or Not With Preplant Fungicides
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Figure 2A-C.  Photos of mint growth and stunting on August 16, 2006.  Other Verticillium wilt 
symptoms are less clear in black and white, but are present.   
   A.  Plant at right with no symptoms (rating = 0), plants to left stunted (rating = 2.5-3.0). 

 
    B.  Plant at left no symptoms (rating = 0), plants to right stunted (rating = 1.5-2.0). 

 
C.  Large plant no symptoms (rating = 0), plant on right slightly stunted (rating = 1.0), two other 
plants designated by arrow very stunted and dying (rating = 4.5). 
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Fig 3.  Mean Relative Dry Weight of Foliage 
Harvested Aug 16 2006 at Madras OR from 

Highly Verticilium-Infested Plots Treated or Not 
With Preplant Fungicides
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Fig 4.  Mean Fall Post-Harvest Regrowth Ground 
Cover Rating Sept 9 2006 at Madras OR in Highly 

Verticillium-Infested Plots Treated or Not 
With Various Preplant Fungicides
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Fig 5.  Mean Fall Rhizome Visual Mass & Health 
Rating Oct 5 2006 at Madras OR from Highly 

Verticillium-Infested Plots Treated or Not 
With Preplant Fungicides

 
 
 
Figure 6.   Photo of rhizomes dug from representative plots.  Plant at far right was from a plot not 
infested with Verticillium dahiae with a health and vigor rating = 0.  Rhizomes from other plants 
were progressively less healthy and vigorous ranging from 1 to 5 (5 = dead). 
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