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Abstract 

Large (loft x 80ft), previously-fumigated field plots (main plots) were uniformly 
infested in December of 1989 with 0, 0.01, 0.1, 1.0 or 5.0 microsclerotia (MS) of the 
fungus Verticillium dahliae per gram of soil, followed by planting of wilt- and 
nematode-free 'Todd's peppermint in the spring of 1990. Beginning after 
harvest in 1990, plots were split. Split plots were either propane flamed after 
harvest but not tilled at any time; or rototilled in the early spring of 1991 but not 
flamed. These treatments have been reapplied annually in the fall-spring of 1991-
92, and 1992-93. Data is primarily presented for growth and harvest in 1993, but 
these are compared with data from 1990, 1991, and 1992. 
In 1993, percentage ground cover in late spring was about 85 percent for all plots 
initially infested at 1.0 MS/g soil or less, both tilled and non-tilled split plots, a 
distinct reduction for tilled split plots compared to previous years. The most 
pronounced stand depression (to less than 60 percent) occurred in the most highly 
infested tilled split plots. Stand density in untilled split plots initially highly infested 
remained below 60 percent as in 1992. In 1993, verticillium wilt symptoms once 
again were highly associated with initial infestation levels of V. dahliae, and tilled 
but non flamed split plots had 5-20 times as many apparent symptomatic plants 
than did flamed and non tilled split plots. In 1993, oil yields averaged slightly less 
than 60 pounds/acre across all treatments compared to 60-80 pounds for various 
treatments in 1991 and 1992. However, all treatments averaged over 31 pounds per 
267 ft2 harvested split plot area in 1993 compared to just above a 25 pound average 
for all treatments in 1991 and 1992. Thus, in 1993 there was substantially more 
growth channeled into upper plant parts, but less into oil production. In 1991 and 
1992, oil and dry weights were higher for flamed split plots at higher initial 
infestations and higher for tilled split plots at lower infestations. In contrast, for 
1993 there were no differences between tilled and flamed treatments for any initial 
infestation levels. Clearly, however, in 1993 peppermint yielded more poorly at the 
highest level of initial infestation (averaging only 43.6 pounds of oil per acre and 
only 20 pounds of dry hay per 267 ft2), than at other initial infestation levels. In 
1993, the accumulated past and current manifestations of verticillium wilt (winter 
damage, in-season plant death, and other influences) resulted in roughly 27 percent 
and 43 percent decrease in oil and dry weight yields, respectively, at the highest 
level 
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of initial infestation, but little or no yield losses from lower levels of initial 
infestations. 

Several mint oil components varied in concentration with tilled or non-tilled 
treatments, likely related to slight maturity differences in plant growth with these 
two treatments. There were additional effects of initial infestation levels of V. 
dahliae on compositional differences, which were most pronounced at the highest 
initial infestation level. 

In 1992 and 1993 no microsclerotia were recovered from numerous soil samples 
from throughout the field trial, suggesting that the population had dropped to well 
below 0.5-1.0 MS/g soil. 

Introduction 
This long introduction to a presentation of four years' research results also provides a 
general overview of the central Oregon and national mint industry with respect to its 
primary disease, verticillium wilt. Verticillium wilt disease of peppermint is defined 
here as the interaction of the crop plant (Mentha piperita), the pathogen (Verticillium 
dahliae) and the environment. The environment may influence the responsiveness of the 
crop plant to attack by the pathogen, the ability of the pathogen to grow into or within 
the plant, or the aggressiveness of this growth. The overall objective of the verticillium 
wilt management program is to investigate how this disease (thus, this interaction) responds 
to various management inputs currently or potentially available for commercial farmers. 
With proper management, production and quality of current and future mint crops in the 
same field and in a region might be optimized. 
Peppermint (Mentha piperita) and spearmint (M cardiaca and M spicata) are perennial 
crops. In established fields, plants spread by means of rhizomes and stolons. A new 
crop of rhizomes and stolons grow under short photoperiod each year in the late 
summer and fall from the previous rhizomes and stolons. New rhizomes and stolons 
produce some roots and stems in the fall, but new roots and stems are primarily 
produced on these structures during the next spring and summer until flowering. Where 
winter is mild, both the new underground rhizomes and new above ground stolons may 
survive, but in colder regions winter survival is primarily as rhizomes. It may be rare for 
old rhizomes to survive the winter, continue to function and contribute to crop 
production, although this may occur with M cardiaca in some fields (C.E. Horner, 
Oregon State University, personal communication). 
The primary crop product from these plants is oil formed in glands on the leaves and 
flower parts, and to a lesser extent on stems. Mint oils are used for flavor and odor, 
although in earlier times they also were used as preservatives. There are no established 
industrial uses. The oils are a complex mixture of related terpene-derived chemicals, 
which change in relative proportion through the season. Optimal oil quality is achieved 
during the early flowering period at mid- to late summer (6,26,38). At that time, mint is 
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swathed, allowed to dry for a day, then chopped into large enclosed trailers that are 
delivered to large stills. Steam is passed through the hay in the trailers, and the oil is 
condensed and stored in large drums. Steam heating of the hay during distillation kills any 
V. dahliae in the hay (M. Lacy, Michigan State University, personal communication). The 
mint hay then is reutilized as a soil supplement or as animal feed, or is otherwise 
discarded. Late summer and fall (post-harvest) management of the crop is required for 
development of rhizomes with sufficient carbohydrate storage to survive winter stresses 
and for vigorous spring growth (C.E. Horner, Oregon State University, personal 
communication). 
Most mint is distilled initially on the farm. This oil is sold to companies which re-distill 
and develop blends from various fields and regions to the component composition 
specifications of end users such as toothpaste, chewing gum and candy manufacturers. Oil 
composition is of primary concern to the oil buyers and end users. Oil buyers normally 
contract prices with farmers in advance of production, within certain composition 
standards. Farmers attempt to maximize oil volume while staying within the contracted 
compositional standards. 
The United States currently produces nearly 100 percent of the world market of mint oils. 
Because of inferior oil quality, mint is not grown much south of the 42° Latitude in the 
Northern Hemisphere, and length of growing season limits commercial production much 
north of the 48° Latitude. Northern and Eastern Europe, Russia, and Asia have suitable 
land for production, but currently there is no effective competition, to the United States 
from these regions. In the Southern Hemisphere, there is little agricultural land within 
suitable latitudes, although a small amount of commercial production occurs in New 
Zealand and southern Australia. 
As indicated above, the North American mint industry primarily is restricted to a band of 
farmland across the northern tier of the UnitedStates. For peppermint, at least 156 
components contribute to the quality of peppermint oil, few which are dominant 
components. Each geographical region tends to produce a certain compositional character 
(flavor, odor, taste, color, etc), but each field and each part of each field tends to be 
somewhat different, and these vary from year to year. Thus, each 500-1b. barrel of mint 
oil (which may represent from 4-20 acres of fresh mint hay) is separately analyzed by gas 
chromatography, and is individually blended as needed. 

Table 1 lists acres in production, average production per acre, and typical values per 
pound of peppermint oil produced from each United States regions of production and for 
several recent years. 

For spearmint oils, both Scotch spearmint (M. cardiaca) and native spearmint (M 
spicata) both are produced commercially. Both are grown on fewer acres than 
peppermint, and have tended to follow peppermint distribution because of similar climatic 
and soil requirements, industry and grower production expertise, and capital investments 
in distillation systems. Because spearmint oil is less complex (76 components, 
dominated 
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by only one or two of these components), cheaper manufactured grades of spearmint oil 
are more competitive with the natural oil industry than is the case with peppermint oil. 
For the same reasons, spearmint oils are not distinctive for each region as are peppermint 
oils, thus their production is focused in areas of highest heat units and yields and lowest 
production costs, such as the Yakima Valley of Washington, the Columbia Basin of 
Washington and Oregon, and parts of Idaho. Finally, when manufactured spearmint 
became highly competitive, federal marketing orders were created to preserve the natural 
spearmint oil industry. Thus, the creation of spearmint allotments tended to keep 
production located where it was at that time. 

Peppermint and Scotch spearmint are highly susceptible to V. dahliae, whereas native 
spearmint is highly resistant. This project proposal is specifically oriented to verticillium 
wilt of peppermint, much of this project would be applicable to Scotch spearmint, because 
of its sensitivity to verticillium wilt. 

Prior to wilt development, mint stands were commonly left in production for an indefinite 
period. Stands of 20 years or more still exist in a few fields. However, once wilt spreads 
within a field, plants die, mint stands thin, and the planting becomes unproductive, a 
condition described as "wilting out". The specialized strain or strains of Verticillium 
dahliae which incite verticillium wilt of peppermint and Scotch spearmint now exist in 
most fields in most mint-producing regions of the United States. Because of limitations on 
suitable climate and soils, the mint industry no longer has the option of easily relocating to 
"wilt-free" areas of North America to maintain reliable production. 

Limitations on agronomically suitable acreage for mint production has forced United 
States growers increasingly to replant peppermint into soils which (based on experience) 
are badly "wilted-out" -- that is soils presumably with high populations of the mint strain 
that persist-from previous disease episodes. With increasing frequency, growers are 
disappointed to find the second or third planting of peppermint developing severe wilt 
within the first, second, or third harvest year. This situation has occurred in the past in 
previous mint producing regions. Gradual intensification of wilt forced such a pattern of 
mint decline until mint production was discontinued in New England near the turn of the 
century. After relocation of the industry to the mid-West early in the 1900, many acres 
were discontinued in Michigan by the late 1940s (26,28). Mint was introduced into 
Oregon and Washington and in the 1940s and 1950s, and more recently into Idaho, 
Montana, and parts of Canada. Current intensification of verticillium wilt in western 
North America, and continued elimination of acreage in the upper Mid-western United 
States, may represent the third cycle of production decline. 

With little suitable verticillium-infested acreage left in North America, combined with 
increasing attempts to produce quality oil in China and Eastern Europe, the United States 
mint industry is under pressure to maintain production in verticillium-infested regions in 
spite of infestation with the wilt fungus. 
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With wilt infestation widespread in the western United States, current peppermint stands 
are kept on average about 6-7 years. Stands of 20 years or more still exist, but are few. 
On average, about one-sixth to one-seventh of the peppermint acreage is replanted each 
year. Most commercial fields are planted using stems, stolons, and rhizomes dug from 
either other commercial fields, or from fields grown specifically as sources of rootstock. 
Collectively, these stems, stolons, and rhizomes are known as "roots", and roughly one 
acre of dug "roots" will plant about seven commercial acres. Thus, about one acre in 40 
(or 2.5 percent) is used as rootstock. [Also, peppermint from a similar small proportion of 
acres is harvested for dried foliage (e.g. tea leaves).] One of the main ways in which V. 
dahiae is transported among fields is via infected and infested rootstock, including the soil 
that is necessarily dug and carried along with rhizomes during this process. Nematodes, 
some insects, and weeds (and possibly viruses, although this is uncertain) are also spread 
in this manner. The short supply of high quality uninfected rootstock available for planting 
is a major problem in the mint industry. 
V. dahiae survives in soil as melanized, multicelled clusters of cells termed microsclerotia, 
thought to be somewhat resistant to desiccation and predation. Roots are the part of the 
plant initially infected from nearby germinating microsclerotia. Most root infections 
involve only a few surface roots cells, and do not become systemic. Occasionally, root 
infections become systemic. Hyphae of V. dahiae enter the xylem and the fungus grows 
upward via hyphal growth and by production of conidial spores which move with the 
transpiration stream. The pathogen becomes established in the upper plant parts prior to 
symptom development. Symptoms usually are associated with various plant growth 
stresses, especially moisture and heat stress. Stems and foliage may be stunted, leaves 
may turn yellow or red then die, and stems die. Oil yield is directly affected by loss of 
foliage on dead stems, although nearby plants may compensate by increased foliage 
production (6,28). Preliminary evidence indicates that post-harvest vigor may be reduced 
and that winter damage may result on rhizomes infected during the summer and fall 
(9,10,11). Microsclerotia eventually form abundantly in diseased stems above the soil 
line. It is less clear whether sclerotia form abundantly on diseased rhizomes and stolons. 
Presumably, few if any sclerotia form in and on roots. 
The central Oregon region encompasses Jefferson, Crook, and Deschutes Counties. 
Nevertheless, research information from this station is applicable for peppermint and 
spearmint growers throughout much of the inter mountain region of the northwestern 
United States and western Canada. Peppermint oil ranks between tenth and fifteenth on 
the list of agricultural commodities for Oregon; in 1990 it was twelfth (30). Combined 
with a smaller production of spearmint oil (30) and undocumented sales of mint leaves for 
tea and rhizomes as rootstock, this ranking likely would be elevated by a few positions 
each year. As shown in Table 1, Oregon produces about half of the national peppermint 
oil, and central Oregon produces just under half of the state production. In central 
Oregon, peppermint comprises roughly one fifth of off-farm sales for crops in this region, 
and (together with grass seed production) is one of the two dominant crops in central 
Oregon. Prices for central Oregon oil tend to be higher than other regions (Table 1). This 
is due to a consistently highly desirable oil composition for this region. On the other hand,
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production costs in central Oregon are higher than in some other regions, and verticillium 
wilt is widely distributed on the few acres available in the region. When oil prices decline, 
the acreage in central Oregon tends to decline more than in some other regions where 
costs of production are lower and where there may still be more verticillium-free acres 
available. When oil prices increase, the acreage of peppermint in central Oregon may 
exceed 25,000 acres. 
Peppermint began to be generally produced in central Oregon in the early 1960s, and 
verticillium wilt appeared in the same decade. At the present time, essentially all fields 
have had at least one mint crop, and many are in their second or third planting cycle for 
this crop. As has been the case for every new production area, in the early years, the very 
vigorous but very wilt-susceptible variety 'Black Mitchum' was planted. Stands were kept 
for many years and were allowed to wilt badly prior to removal. As in most areas where 
wilt has become established, 'Black Mitchum' now is rarely grown in central Oregon due 
to its extreme susceptibility to V. dahiae. It has been replaced by two somewhat more 
wilt-tolerant varieties. ['Black Mitchum' is the commercial variety originally introduced 
into the Unites States in 1883 from England where it already had a long history. In the 
U.S. 'Black Mitchum' supplanted earlier European garden varieties which had been grown 
since the 1600's. It is a natural hybrid, and produces few true seed when bred. When 
these few seed germinate, the oil composition has proven unsatisfactory for the oil 
industry (28). 'Todds' and 'Murray' were developed in the 1970's as gamma-radiated 
clones from 'Black Mitchum', and their oil composition is essentially the same as that of 
Black Mitchum'. These new varieties have somewhat higher tolerance to verticillium wilt, 
but somewhat lower vigor (17,18,19,38).] Unfortunately, as infested fields in central 
Oregon have been replanted with peppermint, recurrence of wilt often has been 
unacceptably severe even on these newer varieties. Instead of maintaining vigorous stands 
for 6-8 years, extensive stand decline and poor yields may occur in year one, two, or three. 
A similar pattern of wilt has occurred or is occurring in other mint-producing regions. It 
will not be too many years before most land suitable for peppermint in Idaho, Montana 
and in smaller inter mountain regions through the northwestern states that will also have 
widespread wilt infestations. 
Verticillium wilt is a dominant and widespread problem in mint production, but V. dahliae 
certainly is not the only commercially-limiting pest problem. Lesion nematode species 
(Pratylenchus penetrans and/or P. neglectus), spider mites, several insects with soil 
phases in their life cycles, and numerous weeds are other common and widespread pests. 
Regionally, other important diseases include mint rust, phoma stem blight and others, but 
these rarely are limiting in central Oregon, nor are they necessarily chronic problems in any 
region. As with most minor crops, available pesticides are few, and fewer yet are being 
registered. Distillation of mint oil tends to concentrate some pesticides, further eliminating 
some promising products. Soil fumigants in some cases have temporarily reduced 
verticillium wilt during the first year or two of perreniating peppermint crops (16,17), but 
this has not been effective or economical for common usage. Other soil chemical 
treatments are largely ineffective. For these reasons, methods to manage or control 
verticillium wilt must be integrated into overall pest and crop management programs. 
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In central Oregon, the primary management response to intensification of wilt in fields 
used for peppermint production is to shorten stand lifetimes, rotating mint with other high 
valued crops, together with the use of the less susceptible varieties 'Todds' and 'Murray'. 
Except where stands deteriorate rapidly (1-4 years), rotation has allowed continued mint 
production in infested soils. In the Willamette Valley, rotations usually can be a little 
longer, as plants seem to be under somewhat less stress. Further, in the Willamette Valley 
post-harvest propane flaming combined with no tillage or reduced tillage during the stand 
lifetime was shown to prevent intensification of verticillium wilt, presumably by greatly 
reducing inoculum production in stems and incorporation into the soil (15,27). In the 
Midwest, tillage is absolutely necessary to prevent winter kill. Even in the Willamette 
Valley of Oregon, with fewer insecticides to control soil insects and fewer herbicides to 
control weeds, there is pressure to resume periodic tillage for control of complexes of 
insect pests and weeds. Should tillage become necessary for these reasons, thus may 
eliminate or reduce the impact of propane flaming on verticillium wilt. 

Propane flaming without tillage initially was not accepted as a common practice in central 
Oregon because the dominant tillage component was believed to be necessary to prevent 
winter desiccation of shallow rhizomes, at least in some years. Rhizomes are covered to 
approximately 10 cm by the various tillage methods used. Fall plowing plus spring harrow 
(with a spring tooth harrow) was the common practice perhaps 15 years ago. This 
provided for good burial of roots (control of winter damage), filling in of blank areas, and 
good spring weed control of winter annual broadleaf and grass weeds. With the 
availability of more herbicides and increasing concern that tillage in general exacerbates 
vert wilt, double or single fall disking, quickly followed by a cultipacker or roller or 
something similar to pack and seal has become most common. This provides less weed 
control, with greater dependence on herbicides. There is some movement of roots into 
bare areas, and some burial of roots a little deeper than without disking. There is a 
perception (a hope?) that disking may not move sclerotia around as much as plowing, but 
this has not been verified. Sometimes, there is some rotary hoe activity in central Oregon, 
particularly when weeds get worse, but there is very little shallow plowing. In recent 
years, spring tillage may be somewhat favored over fall tillage in the Prineville/Powell 
Butte area. 

From variable performance of mint and disease across soil types within fields, and from 
anecdotal evidence relating to other crop management factors (fertility, irrigation, time of 
tillage, handling of rootstock, etc) it may be concluded that the many factors influencing 
plant stress may aggravate or ameliorate wilt incidence. These stress-related factors 
should be distinguished from factors that reduce inoculum potential in the soil (i.e. either 
soil populations, or the activity of these soil populations). Without investigation under 
controlled conditions, these two classes of factors are not easily distinguished. 

Mint was widely planted in central Oregon in the 1960s as one of the few high value crops 
available. As wilt developed and intensified, most of these fields were allowed to "wilt 
out" before the crops were removed. The worst fields have only been replanted beginning 
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in the mid-1980s and more recently. Unfortunately, many of these fields have experienced 
or are experiencing early unacceptable wilt levels on these replantings. Situations 
intermediate to this scenario exist, also. 

Many of the perceptions of peppermint wilt progression over time, and the responses to 
the disease, depend on assumptions of the population dynamics of V. dahliae 
microsclerotia below the soil. For example, the risk for early and intense disease losses is 
thought to be related to high populations of microsclerotia on previous mint crops, 
especially when previous stands were allowed to "wilt out" too extensively before being 
removed. Similarly, certain crop rotations are thought to worsen or lessen subsequent 
disease incidence by influencing the number of microsclerotia in the soil. However, few 
population dynamics have been investigated in mint to confirm these perceptions. 

For crops such as cotton, tomato and potato, systemic infections do not develop (immune 
wilt response) yet they still may have their root cortices colonized. However, these 
coritical infections do not lead to formation of microsclerotia, which survive from year to 
year (4). Similarly, V. dahliae does not successfully colonize plant debris in the soil (4). 

On the other hand, for many crops, crop rotation has not proven effective due to the fact 
that microsclerotia can persist many years (23). Data for population shifts over time are 
not generally available. Perhaps microsclerotial numbers regularly decline, but severe 
disease thresholds still are exceeded. Furthermore, V. dahliae may systemically infect and 
successfully reproduce microsclerotia on numerous plants which may not manifest a 
disease response such as wilt (13,21,22). The pattern that seems to emerge is one in 
which soil populations of microsclerotia of V. dahliae may decline or increase with both 
host and non-host cropping systems, but which rarely decline sufficiently for disease 
control unless plants are totally excluded for many years, or unless very specific rotations 
involving non-host crops are grown for some period of years. Again, however, little 
specific data exists documenting the dynamics of such postulated patterns for verticillium 
wilt of any crop. C.E. Horner, USDA and Oregon State University (retired, personal 
communication) has recommended production of peppermint in short rotations (to prevent 
rapid, high buildup of inoculum) followed by strict rotations of corn and certain other non- 
host crops and soil fumigation can provide a sustainable peppermint production system in 
spite of the presence of some verticillium wilt. To make this system work, he believes that 
the soil must not be too highly infested to start with, but there are no population dynamic 
analyses to support this explanation. 

Huisman and co-workers (13,21,22) have described much of the detail of infection of 
roots of cotton and tomatoes by V. dahliae and other fungi. The number of root infec-
tions which become systemic within the plant is quite small in proportion of the total num-
ber of root infections; several hundred or more root colonies may form per centimeter of 
root length. Most such root infections only involve a few root surface cells. In general, 
the number of root infections is proportional to the inoculum density, and this is true of 
numerous soil fungi including many saprophytes and some pathogens (13,21,22). As 
summarized by Huisman (21) for both his own work and related work of others: "...V. 
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dahliae is primarily a colonizer of the rhizoplane and/or root cortex and is adapted to a 
wide host range. Almost all plants thus far examined (57 out of 63 species), including 
both dicotyledenous and monocotyledonous plants, were colonized. The colonization rate 
of roots is surprisingly uniform. Whether a plant is susceptible or immune to systemic 
invasion appears unrelated to the ability of the fungus to colonize the root cortex. The 
principal difference between wilt susceptible and immune plants would appear to be the 
ability by the pathogen to systematically invade the vascular system of the former. 
However, systemic invasion is of profound significance in the buildup of populations in the 
soil..", as this is where large number of microsclerotia are produced. No differences in 
initial root colonization were found among cotton cultivars varying widely in resistance to 
wilt (21,22). 
Although root infections may be proportional to inoculum density, it does not 
automatically follow that this is true for systemic infections. However, Ashworth and 
Huisman did report that various cotton (1) and tomato (2) cultivars varying in resistance 
to wilt showed distinct inoculum density vs. disease relationships in the field. Similarly, 
the number of systemic, symptomatic infections in the field has been related to the 
number of propagules of the pathogen in the soil for pistachios and olives (L. Ashworth, 
personal communication), and potatoes (8). 
Lacy and Horner (25) reported (1-yr microplot data) that peppermint responded 
adversely to increased inoculum density, however, their ranges of infestation were much 
higher than typically found in the field. Preliminary data from an earlier phase of this 
project proposal, from a long term experiment using large field plots, supports this 
concept (9,10,11), but 
lowered the biologically meaningful range of infestation well below that tested by Lacy 
and Horner. 
Various soil factors may affect the relationship between inoculum density and disease. 
Inoculum potential may be reduced by either reducing inoculum density (the number of 
soil propagules per unit of soil), or by lowering the effectiveness of propagules. 
Microsclerotia of V. dahliae, normally held dormant by various soil organisms (3,34) 
germinate in soil in response to nutrients leaking from plant roots (34). In cotton, 
Ashworth et al reported that copper in soil also might influence this fungistasis (3). 
Cappaert et al. (8) found that early season root infections were those primarily involved in 
later season potato early dying, and that early season moisture greatly affected the 
incidence of potato early dying. High early irrigation levels led to higher late season 
disease, and low early season irrigation resulted in little late season disease. In a follow-up 
analysis of this effect, Gaudreault (12) found that high soil moisture levels lowered the 
number of early root infections by V. dahliae on potato, but elevated the total number of 
infections which became systemic. Perhaps this was caused by orienting these infections 
near the undifferentiated tissues of root tips in roots, that were very slow growing due to 
the excessive moisture. Gerik and Huisman (13), have shown (along with others cited in 
their paper) that V. dahliae never penetrates matured vascular tissue behind root tips, but 
must infect the vascular system in the region of early differentiation near to root tips. 
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Others have shown that factors that slow or impede root growth seem to exacerbate wilt 
infections (2), so a common mechanism may be any condition that slows root growth 
enough to allow for microsclerotia to germinate and infect prior to rapid root elongation, 
differentiation, and vascular maturity. 
Based on studies on other plants, the number of microsclerotia formed in superficial root 
infections (i.e. the ones that do not become systemic) may not much affect inoculum 
densities (13,21,22). On the other hand, large upward shifts in microsclerotial populations 
arise from the large numbers of microsclerotia forming in above ground stems, that 
eventually find their way into the soil (1,13,20,33). Flaming of stems after harvest is 
beneficial because, flaming kills most of the fungus in stems. "Eventually", however, is 
not a well-defined period -- it could take a year or two or more for sclerotia bound in 
stems to become free in soil as stems decay and soil is tilled or mixed by animals in the 
soil. Huisman and Ashworth (23) working with cotton and Davis and Huisman (Univ. 
Idaho and Univ. Calif, respectively, personal communication) working with V. dahliae on 
potatoes, found that increases in soil populations usually lagged disease incidence by a 
year or two, until stems broke down and released microsclerotia and the soil was tilled. 
Further, J. Davis (Univ. Idaho, personal communication) has observed an increase in 
potato early dying prior to his ability to recover increasing microsclerotia from soil during 
the stem decay processes -- an observation similar to ours above for mint. In 1991, 
sample cores could have missed these clumps of microsclerotia forming from stems 
infected in 1990. On this basis, our lower-than-expected microsclerotial recovery might 
primarily represent residual inoculum, free in the soil. It is not known just when sclerotia 
form in stems, or under what conditions they form after stem death. 
Clearly, the verticillium wilt problem with peppermint is related to extreme susceptibility 
of available varieties, in addition the vegetatively propagated nature of the crop that allows 
easy disease transferal among fields. Peppermint (Menthapiperita) and spearmint (M. 
cardiaca) are both highly susceptible to V. dahliae, whereas native spearmint (M 
spicata) is highly resistant. The 'Black Mitchum' variety of peppermint is the original 
variety introduced into the United States in the 1600s. Attempts to improve upon this 
variety have proven difficult. Peppermint is a hexaploid (probably a hybrid between 
Mentha aquatica and M. spicata) from which it is difficult to get seed (28). When crosses 
are successfully made within peppermint (perhaps one germinable seed per million ovules), the 
offspring are unstable and oil composition rarely is acceptable by industry standards. 
Consequently, no new lines ever have been generated by true breeding. Two new varieties 
('Todds' and Murray') were developed and introduced to the industry in the 1970s. These 
were produced by mutation breeding with gamma radiation, which has at least maintained 
the oil compositional characteristics of 'Black Mitchum'. These and other selections 
produced in this manner occasionally have increased tolerance to verticillium wilt, but also 
have reduced vigor (17,18,19,37). Attempts to improve the resistance of spearmint have 
not been any more successful than for peppermint. 
The usage of 'Todds' and 'Murray' varieties of peppermint, along with reductions in length 
of stands are left in the ground, are the basis of "second generation" mint production in 
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wilt infested regions. Even these varieties "wilt out" under intense disease pressure in 
many fields, so private breeding efforts still are maintained by the mint industry. Recently, 
there have been efforts toward development of somaclonal variation and other 
"biotechnologically oriented" ways of manipulating mint to produce wilt resistant varieties 
of acceptable oil composition (M. Lacy, Michigan State University, personal 
communication). Currently, however, there is no standardized testing of any selections 
produced by any means, and the principal investigator may participate in development of 
such standards and in screening of selections. 
With such a narrow genetic base in the host plant, strains of varying pathogenicity in V. 
dahliae have not been distinguished. Strains that incite typical symptoms on peppermint 
are referred to as "mint strains" and those that do not are considered non-pathogenic (28). 
One exception is that strains pathogenic to potato (potato early dying disease) may elicit a 
mild leaf symptom on peppermint, which does not progress into typical wilt. New 
techniques for comparison of strains have been used for large collections of strains of V 
dahliae (35), but the mint strains have not yet been tested in this manner. 

With respect to pathogenicity of V. dahliae, it is possible that enough genetic variation 
actually exists among commercial and non-commercial mint selections and varieties, and 
among other mint species, that several strains might be distinguished. This could be useful 
should it be shown, for example, that pathogenicities among strains vary among region, 
with crop rotations, with nematode interaction, etc. 

Data reported below are for four years from a field trial located in central Oregon to 
investigate mint performance as affected by: (a) a range of soil infestation levels by V. 
Dahliae, and (b) either post-harvest propane flaming without any soil tillage or soil tillage 
without any post-harvest propane flaming. 

Materials and Methods 

Todd's Mitchum peppermint roots were obtained from commercial, field-grown rootstock, 
excluded from certification only because the source field was within 5 miles of known 
infested fields. No V dahliae was found in this rootstock, and no nematodes were found 
in either soil from the rootstock field or from the rootstock. Roots were planted in 
February, 1990, in soil fumigated in 1988 with 400 lb/ac Methyl Bromide + Chloropicrin 
(54/46 percent). The test site had never been in mint, but had been in potatoes several 
times. Using soil assays described below, a low level of "potato" strain of V. dahliae was 
found in the plot area prior to fumigation, but not after. 
Inoculum (microsclerotia) of V. dahliae pathogenic to mint was grown in the laboratory 
during 1989 on cellophane agar, then dispersed in a blender, mixed with sand, and air- 
dried. Three months prior to planting, main plots 10 x 80 ft were infested with 0, 0.01, 
0.1, 1.0 and 5.0 microsclerotia (MS)/gram (g) soil and to a depth of 6inches in various 
plots. Main plots were arranged in a randomized strip block experimental design with five 
replications. Grass borders had been established in 1989, and a rigorous program of 
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equipment sterilization, solid set irrigation and field usage patterns was followed after 
fumigation to limit cross-contamination among test plots. 

Mites were treated once in each of 1990, 1991, and 1993 (Comite), but a high predatory 
mite population suppressed two-spotted mites in 1992 and at other times such that no 
miticide was needed. Sinbar was used in each year. In addition, plots were weeded by 
hand, and Buctril was applied after harvest in 1991 and 1992 for groundsel control. Rates 
and timing of application of all products was as per recommended practices in the area. In 
1990, all plots received 100 lbs/ac N in early April and 150 lbs/ac N in early May. In 
1991, 1992, and 1993 plots received 80 lbs/ac N in April, 120 lbs/ac N in late May, and 75 
lbs/ac N in late June. Mint was irrigated as per typical local farmer practices -- drought 
stress was not allowed to develop at any time of any year. 
Within the trial area above, duplicate sets of split plots within main plots were created for 
management under either flame/no plow or no flame/plow management systems (16,27). 
In each year, half of the plots were flamed within 1 week after harvest, and irrigation was 
resumed. The other split plots were tilled to a depth of 6 inches in early spring (last 
week of February or first week of March). 
As an estimate of stand density, percentage ground cover was determined on first-year 
mint on August 20, 1990, excluding both bare ground and dead top growth. In 1991, 
1992 and 1993 ground cover was determined earlier (June) because mint growth was 
more abundant. Ground cover was again determined in the fall of each year, after harvest.
In each year, fresh hay was harvested with a 40 in wide forage swather along the 80-ft plot 
length (267 ft2). Fresh hay was weighed and sub samples were taken for dry weight and 
oil yield determination. Hay from the remainder of the plots was swathed and removed 
immediately following harvest of data strips. Mint was harvested on August 27 in 1990, 
on August 23 in 1991, on August 1 in 1992, and on August 18 in 1993. Differences in 
maturity associated with tillage or non-tillage were observed in 1991, and in 1992 this was 
noted again and is discussed below. Oil was distilled at the OSU-Corvallis research still in 
1990-92 and at the OSU-COARC research still in 1993, either from fresh hay within 
a few days of harvest, or later from dry hay. Distillation procedures were as per 
Hughes (20), with distillate emerging from condensers between 110-120° F. Oil 
composition was determined by gas chromatography from oil samples provided to the 
A.M. Todd Co Kalamazoo MI. 
Mint growth is such that identity of discrete plants is difficult, but it was assumed that 
plants with symptoms appearing at least 8 inches from other plants with symptoms 
resulted from discrete infections. There was no attempt to distinguish symptoms arising 
from fresh root infections from V. dahliae residing in the soil, from infections that may 
have carried over the winter in infected but surviving rhizomes. Wilt incidence was 
evaluated weekly to every two weeks once symptoms appeared. Wire-based flags were 
placed near each fresh symptomatic plant, at least 8 inches distant from other symptomatic 
plants. 
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Percentage ground cover, wilt incidence, fresh hay weight, dry hay weight, oil yield, and 
selected other measurements collected from plots were analyzed by analysis of variance. 
Soil samples were taken with a 1-inch core sampling tube to 6-inch soil depth. For each 
of two duplicate sub samples, 20 cores were composited. In some cases repeated samples 
were taken. Soil was air dried for 4-6 weeks to eliminate spores and mycelium of V. 
dahliae but not the resistant microsclerotia (1,7,29). After grinding of soil, 50-g samples 
were blended for 30 seconds in 200 mis water containing 2 g Calgon and 2 ml Tergitol to 
disperse soil particles. Soil was then wet-sieved through 120- and 400-mesh screens and 
the residue surface sterilized briefly (5 sec) twice between rinses. Residue was allowed to 
settle and the volume was adjusted to 50 ml with water. The sample was then stirred, and 
20, 1-ml aliquots were spread across 20 petri plates containing a selective growth medium 
(7,24,29). Plates were incubated at room temperature for 2 or more weeks before 
observing for colonies of V. dahliae. Alternatively, a separate analysis was conducted 
with an Anderson Air Sampler, in which microsclerotia are recovered from smaller soil 
volumes, pulverized and passed through an air system for direct and uniform deposition on 
plates containing selective growth medium. 

Results and Discussion 
Crop stresses, 1992-1993: The trial area was well irrigated and should not have been 
stressed in the fall-winter of 1992-93. The winter of 1992-93 was of average temperature, 
with substantial snow cover, and also should not have resulted in crop stress. Spring rains 
were abundant and precluded moisture stress during this period, including soon after 
spring tillage. The spring was cool and damp, retarding early mint development. The 
summer was without excessive heat. These spring and summer influences may have 
retarded mint development and resulted in lower oil yields, even though hay dry weights 
were high. -Verticillium wilt results from the interaction of vascular plugging incited by the 
fungus, combined with transpiration demand. Transpiration demand and wilt are 
exacerbated during hot weather. Nevertheless, wilt symptoms appeared somewhat early 
compared to other years, and appeared on mint regrowth after harvest as the heat 
persisted into late summer. Spider mites built up near to harvest but were controlled 
without apparent adverse plant response. As in 1992, pin nematodes (Paratylenchus) 
were found to be abundant in soil samples. Numbers per quartt of soil ranged as high as 
100,000 pin nematodes. There was no relationship of numbers of pin nematodes with 
treatments. It is undetermined whether pin nematodes created additional crop stress. 
Except for weediness as discussed below, no other growth stresses were noted. 
Ground Cover: Stand density, as determined by the plot surface area, green with late 
spring/early summer mint growth (expressed as percentage ground cover), is shown for 
1990 through 1993 in Figure 1. Percentage ground cover was above 96 percent for all 
initial verticillium infestation levels in the late spring of 1990. After the first season of 
mint growth and verticillium wilt activity, the first round of split plot treatments, and a 
near-record cold winter of 1990-91 on an open field, percentage ground cover in the 
spring of 1991 remained above 95 percent where split plots were spring tilled, but 

32



 

dropped to about 80 percent for all initial verticillium infestations of 1.0 MS/g soil or 
lower. These differences were statistically significant (P<0.05). Most dramatic, 
percentage ground cover at the initial 5.0 MS/g soil infestation dropped to below 
30 percent, clearly implicating an interaction between high levels of verticillium 

infestation and winter injury (5). 

In 1992, stand differences remained as for 1991, but slightly recovered for all non-tilled 
split plots -- 85 percent for plots initially infested with 1.0 MS/g soil or less, and near 60 
percent for the highest rate of initial infestation. These stand differences were statistically 
significant (P<0.05). 

In 1993, ground cover for both tilled and non-tilled plots was about 85 percent for initial 
verticillium infestations of 1.0 MS/g soil or lower. Ground cover for both tilled and non- 
tilled plots at the highest rate of initial infestation averaged just below 60 percent. Thus, 
in 1993, there was a statistically significant (P<0.05) and distinct drop in stand density for 
all tilled plots compared to previous years, with the most pronounced depression 
occurring in tilled plots in the most highly infested plots. The reasons for this are not 
understood, but may be due to additional interactions between crop management, V. 
dahliae and crop growth. 

Weeds: Winter annual broadleaf weeds, especially Groundsel (Senecio vulgaris), were 
again abundant in all untilled split plots in the spring of 1993, and through the season. 
Tillage in late February or early March largely eliminated these weeds for several months 
in tilled split plots.. By summer, these weeds spread back into tilled split plots, requiring 
control efforts in all plots. Concerning grassy weeds, Rat Tail Fescue (Vulpia 
myosuroides) was abundant in untilled split plots in the fall of 1992 and the spring of 
1993. Possibly, the trial area was irrigated too abundantly in 1992, flushing any residual 
Sinbar from the relatively sandy soil at the Powell Butte farm, and allowing the Rat Tail 
Fescue (Vulpia myosuroides) to establish. Additionally, because of the very wet spring, 
Sinbar was applied late, delaying the herbicidal effect on this grass until early summer. 
Peppermint growth was retarded in some plots due to grass competition, but seemed to 
recover and appear normal by harvest. Harvest data may reflect some of this effect, but 
this is unclear. 

Growth & Development: In 1991 and 1992, it was noticed that tilled plots were slightly 
delayed in growth and development compared to untilled plots. Presumably, tilled plants 
needed to re-establish a root system whereas untilled plants were not delayed. Such 
growth and developmental differences likely account for some quality differences at 
harvest, but data from each year do not indicate any clear effect on yield components. 
However, the experiment was not designed in a manner to measure such effects. Growth 
and development were quantified and reported earlier for 1992 (9), and 1993 growth was 
quite similar to 1992, except for the effect of grassy weeds as indicated above. 

Wilt incidence: Verticillium wilt incidence for 1990-93 is shown in Figure 2. Verticillium 
wilt symptoms once again were highly associated with initial infestation levels of V. 
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dahliae. Tilled but non flamed split plots had 5-20 times as many apparent symptomatic 
plants than did flamed and non tilled split plots, statistically significant (P<0.05). There 
was not a dramatic increase between years with respect to the total number of 
symptomatic plants in tilled split plots as there had been in the previous two seasons. Nor 
was the number of symptomatic plants per unit spring ground cover much different in 
1993 than in 1992. This suggests that more damage resulted in 1993 from the 
undetermined spring x management interaction discussed above than from in-season plant 
death. 
The "Horner" model (15,27) for verticillium wilt incidence changes associated with tilling 
and flaming seem to partially, but not totally, hold for the data from this trial. From the 
beginning, there has been a difference in the amount of in-season wilt in tilled vs. flamed 
split plots. This difference has widened slightly, but not as substantially as the Horner 
model would suggest. This is further discussed with the results of soil assay recoveries of 
microsclerotia in the next section. 
Plot integrity: It would shorten the useful lifetime of this field trial if wilt intensifie in 
initially non infested plots. During 1991 and 1992, a slight amount of wilt symptoms 
appeared in initially non infested plots, presumably from cross-contamination. Rodents 
and deer have browsed in the plots, worms and insects have been found in the soil 
profile. In spite of strict measures to prevent movement with machinery and personnel, 
these may have transported some inoculum among plots. To date, there has very little 
gopher activity in the plots, although these exist elsewhere on our field. No net increase 
in the apparent contamination occurred in 1993; if relatively little disease continues to 
occur in these plots, we believe that this study can continue for several more years. 
Harvest yields: Harvest yield was determined by several different measures. Fresh hay 
weight was measured from the 40-inchs x 80 ft harvested strip (267 ft2) along the plot 
centers. Percentage moisture was determined from sub samples of fresh hay, which were 
then dried. Dry weights were calculated from fresh weights and percentage moisture and 
were highly correlated (>95%) with the directly measured fresh weights. Fresh hay 
weights are not shown, but dry weight means for each treatment are shown graphically in 
Figure 3 for all four years. Oil was distilled from sub samples of fresh hay from each plot 
(or this sample was dried for later distillation), ranging from 8-11 pounds of fresh hay per 
plot. Oil yield on a per acre basis was calculated using fresh weights and oil recovered 
from sub samples. Mean oil yield for each treatment is expressed graphically in Figure 4 
for all four years. 
Plant harvest performance was measured as dry weight per harvested strips through split 
plots, and oil per acre distilled from hay samples from each split plot. In 1993, oil yields 
averaged slightly less than 60 pounds/acre across all treatments compared to 60-80 
pounds for various treatments in 1991 and 1992. However, all treatments averaged over 
31 pounds per 267 ft2 harvested split plot area in 1993 compared to just above a 25 
pound average for all treatments in 1991 and 1992. Thus, in 1993 there was substantially 
more growth channeled into upper plant parts, but less into oil production. This seems to 
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verify commercial growers experience for the region. In 1991 and 1992, oil and dry 
weights consistently were statistically significantly higher (P<0.05) for flamed split plots at 
higher initial infestations and higher for tilled split plots at lower infestations. 

In contrast, for 1993 there were no statistically significant differences (P<0.05) between 
tilled and flamed treatments for any initial infestation levels. Clearly, however, in 1993 
peppermint yielded more poorly (P<0.5) at the highest level of initial infestation 
(averaging only 43.6 pounds of oil per acre and only 20 pounds of dry hay per 267 ft2), 
than at other initial infestation levels (which averaged more than 60 pounds of oil per acre 
and about 35 pounds of dry hay per 267 ft2 split plot harvested area). In 1993, the 
accumulated past and current manifestations of verticillium wilt (winter damage, in-season 
plant death, and other influences) resulted in roughly 27 percent and 43 percent decrease 
in oil and dry weight yields, respectively, at the highest level of initial infestation, but little 
or no yield losses from lower levels of initial infestations. 

Oil composition: Over 30 oil components were evaluated, and most data are not 
presented here. Relative composition of selected components is shown in Figure 5. As in 
1992 (9,10), several mint oil components varied in concentration with tilled or non-tilled 
treatments, likely related to slight maturity differences in plant growth with these two 
treatments. Again as in 1992, there were additional effects of initial infestation levels of V. 
dahliae on compositional differences. Data in Figure 5 are included for esters, 
menthofuran, and menthofuran. All data is statistically significant (P<0.05). Data and 
statistical significance were most pronounced at the highest initial infestation level, likely 
associated with plant stresses induced by V. dahliae. 

Block effects ans interactions: Statistically significant block effects and interactions 
(P<0.05) occurred in some years for several measured parameters. These occurred with 
plant height vs. initial verticillium infestation vs. blocks, wilt incidence vs. blocks, and all 
yield measurements vs. initial verticillium infestation vs. blocks. In general, mint height 
and yield were greatest on the east end of the field where soil was deepest (12-18 inches), 
but diminished toward the west, where soil was shallower (8-12 inches) and where soil 
stayed wetter after irrigation or precipitation. Wilt incidence was highest on the east, and 
diminished toward the west. These generalizations were true for both non infested plots 
and for all infested plots up through the initial 1.0 MS/g soil infestation rate. Interactions 
occurred with the exceptionally highly infested plots (initially 5.0 MS/g of soil). In these 
plots, the direction of the block effects described above frequently were reversed. Plots 
on the east end were watered sufficiently to avoid drought stresses, such that plots toward 
the west were at times over-watered. We offer no specific explanation for these effects at 
this time, but these may be worthy of study in themselves if they might reveal clues to 
optimum management for both mint performance and wilt control. 

Recovery of MS from infested plots: Measurements of MS/g soil at the inception of the 
trial were near to calculated infested amounts. By 1991, soil assays indicated the soil 
population of survival structures of V. dahliae had dropped from 5 or more MS/g soil to 
around 1.5 MS/g soil in the initially most highly infested plots , both in tilled+non flamed 
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and flamed+non tilled split plots. In 1992 and 1993 no microsclerotia were recovered 
from numerous soil samples from throughout the field trial, suggesting that the population 
had dropped to well below 0.5-1.0 MS/g soil, the limit of the soil assay for individual soil 
samples. No microsclerotia were found in 1992 or 1993 even where the initial infestation 
was near 5.0 MS/g soil just a few years earlier. 

For verticillium wilt diseases of several crops, the number of microsclerotia formed in 
superficial root infections (i.e. the ones that do not become systemic) seemingly only 
maintain or slightly shift initial inoculum densities (21,22). On the other hand, large 
upward shifts in microsclerotia populations arise from the large numbers of microsclerotia 
which form in above ground stems and eventually find their way into the soil (1,21,22,25). 
Flaming of stems after harvest, is beneficial because flaming kills the V. dahliae abundantly 
produced in stems. "Eventually," however, is not a well-defined period, but there is 
evidence that microsclerotia appear dispersed from stems into soil somewhere between 
12 years (1,21,22,25, and J. Davis, University of Idaho, personal communication). 
Presumably, in our trial there has been plenty of time for appearance of sclerotia formed in 
stems during 1990, 1991, and 1992, but none have been seen. 

Recovery efficiency may be poor for some soils, perhaps including the soil from our trial, 
but there are no known completed and reported studies of recovery efficiencies of 
microsclerotia of V. dahliae. Microsclerotia recoveries can vary seasonally, with mid-
summer recoveries 2-4 times early spring and late fall levels (24). We have taken some 
care to measure our populations at mid-season when they are thought to be highest. The 
actual number of microsclerotia soil may not be so highly variable. Measured seasonal 
variability might have much to do with the ability of microsclerotia to germinate on 
selective media at different times of the year, perhaps due to the seasonal dynamics of 
other soil biological factors. Investigation of recovery efficiency has been proposed as 
part of this-continuing project, but was not funded. 

It is may be possible that very low soil populations of V. dahliae microsclerotia can result 
in the disease patterns seen above. Why then does so much disease seem to result from 
postulated but unmeasurable levels in later years compared to 1990 and perhaps 1991? 
Conceivably, the lab grown inoculum has a lower level of activity than naturally-produced 
inoculum. An alternate hypothesis is that inoculum of V. dahliae has largely disappeared 
from the trial area during the course of the experiment. This would indicate that nearly all 
disease would carry over within rhizomes infected during the first year or two, and 
regularly re-infected each season. C.E. Horner, (personal communication), has described 
peppermint as regenerating a new set of rhizomes each fall, with subsequent death of old 
rhizomes each winter and spring. Very little spring growth results from rhizomes which 
produced the stems for the previous crop. Wilt symptoms continue to appear on re 
growth after harvest in August, up until fall dormancy, so clearly some infected rhizomes 
over winter to contribute to disease the next year. [Recall the enhanced winter kill in plots 
initially most heavily infested. These also were the plots with the greatest fall carryover of 
infected rhizomes.] 
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But why would soil-residing inoculum all but have disappeared and failed to be replaced 
by ongoing disease? Three possibilities are: (1) Soil in the Powell Butte area, and 
specifically on the COARC research farm at Powell Butte may be suppressive to V. 
dahliae. Soil suppressivness is a descriptive term which describes the failure of a soil 
pathogen to thrive in certain soil, and usually is related to the antagonism of other 
organisms. This is a well known phenomenon, but is not reported widely for verticillium 
wilt diseases. We know of no reports from field soils which describe the total failure of V. 
dahliae microsclerotia to survive, although such reports may exist. Interestingly, there is 
relatively little wilt in the greater Powell Butte area, even though mint has been produced 
there for many years. (2) V. dahliae may not form many microsclerotia on stems of the 
'Todds' variety used in the trial. This seems unlikely given the close relationship of 'Todds' 
with Black Mitchum', a variety on which that microsclerotia may form abundantly 
(15,25,27,28). (3) Perhaps delaying spring tillage allowed other organisms to displace 
(consume?) any microsclerotia that may have formed in the stems the previous fall in non 
flamed split plots, together with natural attrition and lack of replacement in flamed and 
untilled plots. Combinations of mechanisms of these and other mechanisms could be 
occurring. • 
We finally decided against the possibility that poor or inconsistent technique or peculiar 
soil effects were interfering with soil assays. Over several years, we sent parts of several 
soil samples to several other laboratories that regularly assay soil for V. dahliae, then 
measured similar recoveries. Occasional elevated recoveries in our lab have been 
attributed to the presence of ephemeral conidia, suggesting that certain soil samples were 
assayed too quickly for conidia to have died off. To determine whether conidia are 
present we re-assay soil at a later date. No recovery of V. dahliae resulted upon re-assay. 
Of course, if these occasional conidial recoveries were real, then the conidia themselves 
must have come from somewhere. Presumably, they may have come from sporulation 
from microsclerotia in soil, but they also may have come from roots and rhizomes picked 
up in the soil sample tubes. 
General discussion: Huisman (21,22) has described much of the detail of infection of 
roots by V. dahliae and other fungi. With other crops and non-crop species, the number 
of root infections becoming systemic within the plant is quite small in proportion to the 
total number of root infections. Several hundred or more root colonies may form per 
centimeter of root length. Most such root infections only involve a few root surface cells. 
In general, the number of root infections is proportional to the inoculum density, and is 
true of numerous soil fungi including many saprophytes and some pathogens (10). As 
summarized by Huisman (22) for both his own work and related work of others: 
"...V dahliae is primarily a colonizer of the rhizoplane and/or root cortex and is adapted 

to a wide host range. Almost all plants thus far examined (57 out of 63 species), including 
both dicotyledenous and monocotyledonous plants, were colonized. The colonization 
rate of roots is surprisingly uniform. Whether a plant is susceptible or immune to 
systemic invasion appears unrelated to the ability of the fungus to colonize the root 
cortex. The principal difference between wilt susceptible and immune plants would 
appear to be the 
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ability by the pathogen to systematically invade the vascular system of the former. 
However, systemic invasion is of profound significance in the buildup of populations in the 
soil..", as this is where large number of microsclerotia are produced. 

No differences in initial root colonization were found among cotton cultivars varying 
widely in resistance to wilt (21,22). In spite of our uncertainty of the changes in 
population of microsclerotia in our plots soils, we suspect this summary describes the 
situation with root infection of peppermint. 

Although root infections may be proportional to inoculum density, it is not necessarily true 
for systemic infections. Ashworth and Huisman (1) reported that various cotton cultivars 
varying in resistance to wilt showed distinct inoculum density vs. disease relationships in 
the field. Similarly, the number of systemic, symptomatic infections in the field has been 
related to the number of propagules of the pathogen in the soil for pistachios, olives, and 
tomatoes (L. Ashworth, personal communication), and potatoes (M. Powelson, personal 
communication). With respect to the initial amount of microsclerotia of V. dahliae which 
we put into the soil in this trial, our data certainly verifies these other reports. 

With respect to oil yield, in 1991 and 1992 the superior performance of flamed vs. tilled 
mint at the higher initial levels of infestation seems to fit with prior mint production 
concepts. These differences were not suspected based on visual observation; based on 
ground cover data and weediness, the flamed plots appeared distinctly inferior during the 
season even though the mint in flamed plots tended to grow a little earlier than in tilled 
plots. As the mint compensated for gaps, however, the appearance of plots became more 
uniform. In 1992, yield differences between flamed+non tilled and tilled+non flamed 
treatments were not present. The reasons for this are yet unclear as discussed above, but 
suggest that the "Horner" model for flaming without tillage may need to be modified in 
some situations, perhaps based on variety, region, or timing of these operations. 

In 1990 and 1991, superior mint performance at an intermediate level of the range of 
infestation was measured and reported (this data is not reiterated here). This was not 
expected, but could indicate that there can at times be a beneficial biological relationship 
between certain inoculum densities of the fungus and the plant, below which this beneficial 
effect is absent, and above which the relationship becomes pathogenic. In 1992, there was 
no evidence of enhanced performance associated with low to intermediate V. dahliae 
infestation levels. In 1993, there was again elevated mint performance at initially 
intermediate infestation ranges (Figures 1, 3 and 4). We are aware of only one previous 
journal report of a beneficial effect of V. dahliae, on tomato (5). [Note in citation 2 that 
the name of the pathogen is labeled V. albo-atrum, which was the name used for 
V. dahliae at that time. V. albo-atrum still is used for a closely related pathogen.] Rooted 
mint cuttings inoculated with potato strains of V. dahliae seemed to grow taller than non 
inoculated cuttings, whereas the mint strain incited wilt as expected. (9) In our field trials, 
no potato strain was present, and the isolates used to infest the trials all were confirmed 
pathogenic to mint. All isolates of V. dahliae recovered from mint during the trial has 
been pathogenic when inoculated back into mint. Thus, in our field trial it seems as if the 
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pathogenic strain of V dahliae may be conferring a growth advantage at low levels of 
infestation, but a pathogenic effect at higher levels. What this means for commercial 
production is not clear, and it may not occur in all fields and for all improved varieties, 
and is almost certainly not true for 'Black Mitchum'. 

Block and interaction effects reported here may offer leads toward other management 
tools for verticillium wilt of mint. For example, Cappaert et al. (8) found irrigation 
management during early and mid-season to be an effective toll for suppressing V. dahliae 
and in reducing incidence of potato early dying disease. 

Conclusions [1990-1993] 

1. Verticillium can interact with cold temperatures to lower winter hardiness of 
peppermint. [A similar phenomenon was reported for Pratylenchus nematodes for 
peppermint in the same winter (33).] 

2. Mint (at least the 'Todds' variety used in our field trial) can greatly compensate for 
poor stands due to verticillium. Whether the mint in our highest rate of infestation has 
'"wilted out" is subject to interpretation. 

3. Weeds are encouraged and weed control is exacerbated with poor stands and lack of 
tillage. Verticillium wilt itself (or other causes of stand thinning) exacerbate weed 
problems. 

4. The number of plants which die following development of wilt symptoms in the field 
during the growing season increased with increasing initial numbers of MS in the soil. 

5. The "Horner" model for management of wilt, and explaining how wilt of peppermint 
increases or decreases under certain management practices, may require some 
modification in parts of central Oregon, or with modern semi wilt tolerant, or under 
certain practices modified from the original methods. 

6. Much of the wilt which occurs in one year carries over as infections internal to over 
wintering rhizomes, without the need for re-infection from the soil. This concept seems to 
apply in the above trial, and was expressed by Nelson in 1950 (28). These observations 
certainly fit with the concept that much wilt is carried internal infection inside rootstock, 
irrespective of whether the soil clinging to the rootstock is infested with microsclerotia. 
7. Inoculum may not have increased in our trial in a manner substantial enough to account 
for serious wilt problems on a subsequent mint crop. This may not be a justified 
statement, however, if the wilt levels observed may occur from sub assayable levels. It is 
intended that mint will eventually be removed from these plots, that the plot integrity 
will be retained during some rotation crop sequence, and that the plots will be replanted 
so that future mint performance can be related to current mint performance and soil 
infestation levels of V. dahliae. 

39



 
8. Low levels of the mint strain V. dahliae and possibly the presence of non pathogenic 
strains of V dahliae may confer some slight growth advantage to peppermint. This 
observation needs confirmation, clearly is not true for higher infestations, and may not be 
manageable phenomenon if true. 
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Table 1. Acreage, yield, and unit value of peppermint oil produced in the 

United States for various recent years. (Source : A. M. Todd 
Co.) 

 Midwest Willamete 
Product Region 1 (IA,MI,W1) Valley, OR 

Central Or & 
LaGrande, OR 2 

Columbia 
Basin (OR&WA) 
Yakima Valley, WA 

Montana Idaho 

Nevada 
& Utah 

Total  

Acres in 3 yrs. 
 1991 34.5 26.9 21.2 19.6 4.5 18.0 4.2 128.9
 1992 38.0 27.0 19.4 17.7 5.0 16.7 7.2 131.0
 1993 29.5 24.5 17.4 17.9 5.9 15.8 8.3 119.3
 

Production(pounds of oil per acre)for 5 yrs,1988-1992 3
      

Average 33.3 77.5 55 89.2 61.1 72.8 67.2 
 Range 15-48 30-120 30-100 70-140 30-100 60-110 50-105 
 

Value per pound of oil for 2 years 4 
      

1988 13-55 13-25 14-28 12-24 * 5 11-20 11-20
.p-. .p.. 1992 9-10 11 14-16 10-11 12 10-11 10-11   

1. Production regions are classified by distilled oil composition

2. LaGrande averages approximately 10% of this class 

3. These 5 years represent the typical range of yields, including years of both high and low production 
4. Most oil production is contracted, whereas a smaller fraction is sold on the open market 

5. Montana was not producing peppermint in 1988 



 

TABLE 2. Acreage of spearmint in the U.S. in 1991 (Source: A.M Todd Co.). 

spearmint species  acreage (thousands)  

 1991 1992 1993 

Scotch spearmint (M cardiaca) 31.3 33.2 28.6 

Native spearmint (M. spicata) 46.0 48.7 41.0 
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Table 1. Microsclerotia/GM soil infested and recovered since inception of a field trial at the Powell Butte field of the Central Oregon Agricultural Research Center, 1989-1993. 
 

1989 infestation (Nov) 

      Microsclerotia/GM soil     

calculated amount  0   0.01   0.1   1.0  5.0 

1990 recovered (June) 
prior to till & flame trts 

 ***a   ***   ***  0.6(0.6)b 7.1(3.4) 

1990-91 plots split flame  till flame  till flame  till flame till flame till 

1991 recovered (July) ***  *** ***  *** OC 0 0.5 (0.3) 1.1 (0.4) 1.6 (0.3) 1.4 (1.1) 

1992 recovered (June) 0  0 0  0 0  0 0 0 0 0 

(July) 0  0 0 0 0 0 0 0 0 0 
(Aug) 0  0 0  0 0  0 0 0 0 0 

1993 recovered (June) 0  0 0  0 0  0 0 0 0 0 

(July) 0  0 0 0 0 0 0 0 0 0 
(Aug) 0  0 0  0 0  0 0 0 0 0 

a. Indicates recovery was not attempted. 
b. Microsclerotia were recovered from each of two duplicate 20-core x 6-inch deep soil samples taken from each plot and averaged together. 

Values shown are means of 5 replications (standard deviations are in parentheses). 
c. Zeros indicate no sclerotia were recovered from soil in any of 5 replications. Lower limit of each duplicate samples (each replication) is approximately 0.5 microsclerotia/gm soil. 





  







 


