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Abstract 
A field previously cropped to potatoes was fumigated in 1988 with 400 lb/a methyl 
bromide (54:46). Plots (10 x 160 ft) were either non-infested or infested with 
one of four inoculum densities of the mints strain of Verticillium dahliae in fall, 
1989. Peppermint (cv `Todds') was planted in the spring, 1990. Mint stems in 
half of each plot were either propane flamed in the fall of 1990 and 1991, or tilled 
in the spring of 1991 and 1992. Experimental design was a 5x-replicated split plot 
with inoculum density (ID) as the main plot and cultural practices as the subplots. 
Wilt symptoms increased in tilled plots from 1990 through 1992, but remained 
similar each year in flamed plots. Averaged for all ID, the number of wilt loci 
was significantly (p < .01) higher (91.4) in tilled plots compared to flamed plots 
(18.6) in 1992, although there were nearly no wilt symptoms in non- infested plots 
or in those with the lowest initial ID irrespective of cultural treatment. Winter 
damage (1991-92) was severe only in the flamed plots with the highest rate of 
initial infestation, however, stands were generally thinner and weedier in the 
flamed plots at all ID in 1991 and 1992. Cultural practices had no direct effect 
on hay or oil yield in 1991 or 1992, but there were significant effects (p <0.05) of 
ID and there was a significant cultural practice-1D interaction, (p <0.05). In 
1992, for example, for initial ID of 0, 0.01, 0.1, 1.0, and 5.0 microsclerotia (MS)/g 
soil, tilled plots yielded 74.5, 67.9, 67.3, and 58.7 lb/a of peppermint oil, whereas 
flamed plots yielded 71.7, 65.7, 68.0, 70.1, and 59.9 lb/a of peppermint oil, 
respectively. Thus, in the second and third year of mint production (two rounds 
of cultural treatments), mint performed better with tillage for initial ID's lower 
than 0.1 MS/g soil, but above this initial ID peppermint performed better with 
flaming. Of 23 oil components analyzed in 1992, two decreased and three 
increased significantly (P < 0.05) with increasing ID. Similarly, two were 
reduced in tilled vs. flamed plots. These shifts in oil composition with increasing 
ID were characteristic of oil produced under increasing plant stress. Differences 
in oil composition between flamed vs. tilled treatments were characteristic of 
differences due to plant maturity, since plant growth was delayed by spring 
tillage. Changes in ID are being monitored within the trial area, and evaluations 
of ID in non- uniformly infested commercial fields are in progress. 

''The Oregon Mint Commission and the Mint Research Industry Research Council together provided $60,350 towards 
this research between 1989-1992. 
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Introduction 

Verticillium wilt of peppermint, incited by specialized mint strains of Verticillium 
dahliae, now exists 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 to maintain reliable production. 
Similarly, in some regions limitations on agronomically suitable acreage for mint 
production has forced growers to increasingly replant peppermint into soils that (based 
on experience) are badly "wilted-out", i.e. soils presumably in which high populations 
of the mint strain persist from previous disease episodes. With increasing frequency, 
growers are disappointed to find fields 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's, many 
acres were discontinued in Michigan by the late 1940's (18). Since mint introduction 
in the 1940's and 1950's the current intensification of verticillium in the western states, 
and continued elimination of acreage in the upper mid-western states, may represent the 
third cycle of production decline. 
In the Willamette Valley of western Oregon, management of V. dahliae since the mid- 
1960's has been by post-harvest flaming of mint, in combination with no fall or spring 
tillage. Flaming has been shown to kill the pathogen in its main reproduction site in 
the stems, and no-tillage presumably disallows the return of inoculum missed by 
flaming into the soil (perhaps 20-40 percent) (10, 16). Yield analyses conducted on 
plots with various flaming and tillage combinations suggested about half of the 
improvement in yield could be attributed to flaming, and half to no-tillage. Although 
changes in soil inoculum density of microsclerotia were not investigated, the success of 
the flaming and no-tillage combination in preventing increase wilt has been attributed to 
keeping the inoculum density from increasing. All previous flaming/tillage research 
was conducted on the highly susceptible cultivar 'Black Mitchum'. Virtual elimination 
of tillage in the Willamette Valley has led, however, to increased problems with root 
and stem boring insects, which were largely controlled by tillage (10, 23, and R. 
Berry, personal communication). The wilt response of the newer and more tolerant 
peppermint varieties 'Todds' and 'Murray', and similar advanced breeding selections, 
is less well documented. All are known to succumb to wilt, but less so than 'Black 
Mitchum'. 

In other regions of the western United States, flaming/no-tillage was less tested and is 
less consistently used. There is the recognized effectiveness in many regions to till for 
control of insect pests (23), and to lessen the impact of winter damage on shallow 
rhizomes. In the mid-western United States, annual fall tillage is considered a 
requirement to avoid winter kill of rhizomes (18), although in the western states winter 
damage is not as regular an occurrence. Other management practices used in the 
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central Oregon and elsewhere include careful tracking of field histories (and avoiding 
fields with a known history of excessive wilt); shortening the period of time a mint 
stand is held; and avoiding crop rotations believed to build inoculum levels (personal 
observation). More recently, control of nematodes (especially Pratylenchus) has been 
shown likely to lessen the impact of verticillium wilt, as these pathogens seem to 
interact (20, 21). Other cultural practices generally have proven ineffective in 
preventing wilt or have not been investigated thoroughly. Acceptably-resistant high 
quality varieties have been difficult to develop, but likely will develop over time. 
Other promising developments could include management of wilt via irrigation 
management as has been demonstrated with potatoes (7, 8) 

Many of the perceptions of peppermint wilt progression over time, and of management 
effects, assume some knowledge of the population dynamics of V. dahliae 
microsclerotia below the soil surface, but no population dynamics have been 
investigated in mint to confirm these perception. More information exists on similar 
diseases caused by other strains of V. dahliae on other crops such as cotton and 
tomatoes. In spite of our uncertainty of the changes in population of microsclerotia in 
our plot soils, we suspect this summary describes the situation with root infection of 
peppermint. 

Although plants in which systemic infections do not develop (immune wilt response) 
may have the root cortex colonized, these infections do not lead to formation of 
microsclerotia that survive from year to year (4). Similarly, V. dahliae does not 
successfully colonize plant debris in the soil (4). On the other hand, crop rotation has 
not proven effective due to the fact that microsclerotia can persist many years (14). 
Further, V. dahliae may systemically infect and successfully reproduce microsclerotia 
on numerous plants that may not manifest a disease response such as wilt (9, 12, 13). 

Huisman and co-workers (9, 12, 13) have described much of the detail of infection of 
roots by V. dahliae and other fungi. The number of root infections that become 
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 this is true of 
numerous soil fungi including many saprophytes and some pathogens (9, 12, 13). As 
summarized by Huisman (13) 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 ability by the pathogen to systematically invade the vascular system of 
the former. However, systemic invasion is of profound significance in the buildup of 
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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 (12, 13). 

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 (7). 

Various soil factors may affect the relationship between inoculum density and disease. 
Microsclerotia, normally held dormant by various soil organisms (3, 22) germinate in 
soil in response to nutrients leaking from plant roots (22). In cotton, Ashworth et al. 
reported that copper in soil also might influence this fungistasis (3). Cappaert et al. (7) 
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 (8) found that high soil moisture levels lessened the 
number of early root infections by V. dahliae on potato, but elevated the total 
number of infections that became systemic, perhaps 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 (9), 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. Others have shown that factors which slow or impede root growth seem to 
exacerbate wilt infections (2), so a common mechanism may be any condition that 
slows root grow enough to allow for microsclerotia to germinate and infect prior to 
rapid root elongation, differentiation and vascular maturity. 

It would be desirable to be able to determine the potential losses within a field prior to 
planting peppermint. High potential losses might be avoided, and stand longevity could 
better be programmed into an overall planned rotation. This approach requires two 
sources of information: first, that the population and distribution of the mint strain 
within a field can be characterized (strain type) and quantified (how much is there); 
second, that the impact on mint growth and yields of a various numbers of propagules 
per unit of field soil can be measured under experimental conditions and verified in 
growers' fields. Such data has been gathered for V. dahliae on cotton (1) and tomatoes 
(2). Commercial services based on soil sampling have been developed for these crops 
and for pistachios and olives (L. Ashworth, personal communication). Lacy and 
Horner (16) reported (1-yr microplot data) that peppermint responded adversely to 
increased inoculum density, however, their ranges of infestation were much higher than 
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typically found in the field. Our first year data of a long term experiment using large 
field plots confirms this, and may lead to an appreciation of biologically important 
inoculum levels, in contrast to the very high level utilized by Lacy and Horner. 

Knowledge of realistic, field-level inoculum density vs. yield loss relationships might 
further be utilized to determine the commercially-important number of nematodes or 
other stress factors that interact with V. dahliae. Still other factors might be 
determined to be of beneficial influence on wilt (7). As an example of how uniformly- 
infested large field plots might be utilized, and to gain some useful information, in 
1989 we initiated two diverse management practices to be conducted on a range of 
verticillium infestations on large plots. The two practices are: flaming/no-tillage and 
tillage/no-flaming, and flaming of mint stems and leaves after harvest kills the fungus 
in the part of the plant in which the fungus reproduces. Combined with the practice of 
not tilling these infested plant materials back into soil, inoculum does not increase in 
the soil (11, 17). However, tillage is believed to be necessary in some colder areas, in 
order to avoid freeze damage to stolons. Also, tillage is one cultural means of control 
of some insects. Presumably, such tillage necessarily exacerbates the verticillium situa-
tion by increasing the amount of fungus in the soil. The relative risk of these opposed 
practices has not been determined in central Oregon. 

Objectives: 

a. Determine verticillium wilt incidence arising from various initial soil 
infestation levels of mint strains of V. dahliae in an on-going field trial under relatively 
controlled, field conditions (initially uniform infestation). 

b. Determine relative benefit of tillage/no-flaming vs. flaming/no-tillage in an 
ongoing field trial with respect to overall peppermint performance, with respect to 
winter kill, with respect to changes in inoculum of V. dahliae, with respect to wilt 
intensification, and with respect to insect and weed occurrence. 

c. Determine an appropriate protocol for field sampling of microsclerotia, 
considering variability within seasons, among seasons, and among soil types. 

Other objectives that may be important to determine include the rate of decay of mint 
stems in soil, and the time course for release of microsclerotia into soil. In cotton (14) 
and potatoes (0. Huisman and J. Davis, personal communication) such release may 
take one to two years, which influences post-disease soil recoveries of microsclerotia. 
Further, the efficiency of recovery of microsclerotia from different soil types has not 
been reported. Soil physical, biotic, and even chemical factors (3) could lead to 
different inoculum recoveries, which may alter the apparent disease loss vs. inoculum 
density relationships found for these soils, and thus effect the predictability of disease 
loss based on soil recoveries. 
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Materials and Methods 

On-station uniformly infested trial 

Main plot treatments and inoculum preparation: V. dahliae inoculum from strains 
shown to be pathogenic to mint in the laboratory was grown in the laboratory on sterile 
cellophane agar during 1989. Cellophane heavily colonized by microsclerotia was 
stripped from petri plates, microsclerotia were dispersed with sand and dried in the 
laboratory. Three months prior to planting of mint, plots 10 x 80 ft were infested with 
the sand-inoculum mixture at rates of 0, 0.01, 0.1, 1.0, and 5.0 microsclerotia (MS)/g 
soil, and to a depth of 6 inches in various plots. Plots were arranged in a randomized 
strip block experimental design with five replications. Grass borders between plots had 
been established in 1989, and a rigorous program of equipment sterilization, solid set 
irrigation and field usage patterns was followed after fumigation, and for the lifetime of 
the experiment, to limit cross-contamination among test plots. 

Trial preparation and management: The trial area on the Powell Butte research field of 
the Central Oregon Agricultural Research Center had never been planted with 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. The trial area was commercially fumigated in 1988 with 400 lb/ac MeBr/Pic 
(54/46), injected under plastic tarp. 

'Todd's' peppermint roots were obtained from commercial, field-grown rootstock, 
which was excluded from certification only because the source field was within 5 
miles of fields known to be infested with V. dahliae. V. dahliae was not cultured 
from samples taken from this rootstock, and no pathogenic nematodes were found 
in soil from the rootstock field or from the rootstock. Roots were planted into plots 
in the trial area in February 1990. Subsequent management was as per local 
commercial protocol, except where stated otherwise. Rates and timing of application 
of pesticides was as per recommended practices in the area, and in response to 
developing field conditions. They are reported under the Results section. In 1990, 
all plots received 100 lb/a N in early April, and 150 lb/a N in early May. In 1991 
and 1992, plots received 80 lb/a N in April, 120 lb/a N in late May, and 75 lb/a 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. 

Split plot treatments -- tillage vs. flaming: Flaming: Within the trial area above, 
duplicate sets of plots were created for management under either flame/no-plow or no-
flame/plow management systems (11, 17). For 1990, the propane flamer utilized was 
6 ft wide, with 10 burners, and with hovers. This design was improved in 1991 to 
provide more uniform heat distribution, and to allow for a single pass rather than two 
passes. The burners were extended to twenty along an 11 ft wide frame. The flamer 
was operated at 30-40 PSI and was pulled through the plots at 1.5-2.0 MPH. The 
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flamer was turned off when traveling across non-flamed plots. In each year, half of the 
split plots were flamed within one week after harvest, and irrigation was resumed 
within a few hours of flaming. Tilling: For tilled plots, a rototiller, set to a depth of 6 
inches, was used in early spring (last week of February or first week of March), prior 
to the appearance of top growth of mint. Tilled plots were then rolled to pack down 
soil and roots following tillage. 

Ground cover was determined on first-year mint on August 20, 1990, excluding both 
bare ground and dead top growth. In 1991 and 1992, ground cover similarly was 
determined earlier (June) because mint growth was more abundant. Ground cover was 
again determined in the fall of each year, after harvest. Ground cover is defined 
here as the square footage within the plot area covered by green mint foliage prior to 
heavy branching growth of the foliage over bare ground. 

In each year, fresh hay was harvested through the center of plots with a 40-inch wide 
forage swather along the 80-ft plot length (267 sq ft). 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 (within one day) 
following harvest of data strips. Oil was steam distilled at the OSU research stills, 
either from fresh hay within a few days of harvest, or from bagged, air-dried hay. 
Mint was harvested on August 27 in 1990, on August 23 in 1991, and on August 1 in 
1992, at approximately 10 percent bloom in each season. Differences in maturity 
associated with tillage or non-tillage were observed in 1991 and 1992, and this is 
discussed below. 

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. 

Oil composition: Oil collected for yield determination was sent to the A.M Todd 
Company, Kalamazoo, Michigan, for determination of oil composition by gas 
chromatography. 

Soil sampling and assay for microsclerotia: Soil samples were taken with a 1 inch core 
sampling tube to 6 inch soil depth. From each sampled plot, 20 sub samples 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, 6, 19). Following sampling in the field and during air drying, soil 
was prevented from heating above 75°F, to avoid thermal killing of microsclerotia. 
Once dry, microsclerotia are more heat tolerant (L. Ashworth, personal 
communication). After grinding, the soil was assayed for microsclerotia in one of two 
ways. Wet-sieving: 50 g samples were blended for 30 seconds in 200 ML 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 
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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 twenty, 1 ML aliquots were 
spread across twenty petri plates containing a selective growth medium containing 
sodium pectate and other ingredients (1, 6, 19). Anderson Air Sampler:, 0.1 g 
aliquots of soil were sucked through an air system, and dispersed through perforated 
plates and deposited on petri plates containing the above selective medium. With both 
methods, petri plates were incubated at room temperature for two or more weeks 
before observing for colonies of V. dahliae. 

Other investigations, including those from commercial fields 

Strain identification: Strain pathogenicity was evaluated by inoculation of the 
susceptible cultivar 'Black Mitchum'. Plants for inoculation were prepared by planting 
stolons in a sand/peat mixture in greenhouse trays lined with newspaper. These trays 
were held at 72°F under growth lights at 16 h exposure. Plants emerged within one 
week. Two month old freshly cut stems of three to five leaf pairs (approx. 14 cm) 
were used for inoculation. Collection of strains: Stems from field grown peppermint 
displaying wilt symptoms were collected and surface sterilized for 5 min in 0.5 percent 
NaOC1. Stems were cut into 3-5 mm sections and placed with vascular bundles in 
direct contact with sterile water agar containing streptomycin to facilitate growth of V. 
dahliae into the agar. V. dahliae was identified by the formation of microsclerotia and 
conidial structures. Positive V. dahliae colonies were isolated onto new plates. Other 
V. dahliae isolates were collected similarly from potatoes or other sources. All isolates 
were grown on potato dextrose agar with 2 percent streptomycin sulfate added to 
inhibit bacterial growth. After three weeks, conidia were removed with sterile water 
that was adjusted in volume to make a 5 x 105 conidial spore suspension. Freshly cut 
ends from 13-cm stems from 'Black Mitchum' peppermint were held in conidial 
suspensions for two hours under bright lights. After inoculation, stems were planted 
into separate 4-inch pots in a three equal parts medium of peat, sand and vermiculite. 
Pots were kept moist and measured at five weeks for height and symptom development.

Evaluation of soils from commercial fields: From commercial fields, sections ranging 
from 0.1 to 10 acres of naturally infested fields were sampled similarly to test plots 
above, usually using a modified "X" or zigzag sampling pattern. Soil sampling and 
assay was the same as for initially uniformly infested plots above. During July, 1991, 
soil samples were collected from eight fields in the Willamette Valley and from eight 
fields in central Oregon, all with a history of verticillium wilt. Five of these 16 fields 
were in mint production at the time of sampling. For the others, mint had been last 
grown between two and eight years earlier. As much as possible, fields were 
partitioned by recollections of wilt severity, or actual wilt symptoms in progress. In 
numerous cases, growers had strong recollections about sections of fields that had badly 
wilted out in previous years. 
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Results 

On-station uniformly infested trial 

Abiotic crop stresses: Winter stress was extensive in 1990-91, with temperatures 
reaching -30°F in December 1990, and without snow cover or substantial fall or winter 
precipitation. Plant stands were affected in some plots (see ground cover below). The 
winter of 1991-92 was very mild; no significant cold period occurred. Mint in test 
plots was well irrigated into the fall, and late winter and spring rains precluded winter 
moisture stress. These mild influences likely were reflected in improved stand, as 
measured by ground cover below. Summer stress was within normal ranges during 
1990 and 1991. The major crop stress during 1992 was from sustained high 
temperatures in the spring and summer, which also resulted in accelerated plant growth 
and a very early harvest for all central Oregon. 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. Wilt 
symptoms appeared quite early compared to other years, and appeared on mint 
regrowth after harvest as the heat persisted into late summer. 

Biotic stresses -- Insect and mites: Because some insects are known to be controlled by 
tillage, plots have,been regularly observed for occurrence and differences in insect 
presence and damage. No serious insect pest problems have yet developed since 
planting in spring 1990 through the fall of 1992. Two-spotted spider mites were 
treated once in 1990 with Comite, but a high predatory mite population suppressed 
two-spotted spider mites in 1991 and 1992 such that no miticide was needed. From 
1990 through 1992, no measurable Pratylenchus nematodes have been recovered from 
soil samples taken from all plots. However, in August 1992, an average of over 
13,000 Paratylenchus (pin) nematodes per qt soil were recovered from all plots. 
Tilled plots averaged 17,753 pin nematodes/qt soil vs. 10,968 pin nematodes/qt soil in 
flamed plots, but these differences were not significant (p <0.05). Plots initially 
infested with 0, 0.01, 0.1, 1.0, and 5.0 MS/g soil were found infested with 25,084, 
14,220, 13,170, 8,940, and 11,918 pin nematodes/qt soil, but again no significant 
differences among treatments occurred. It remains unclear whether pin nematodes 
directly affect mint performance, or whether they may interact with V. dahliae or other 
causes of plant stress. 

Biotic stresses -- Weeds: Weed occurrence is affected by tillage and flaming programs, 
and weeds also may influence mint performance and oil composition. Weed types and 
numbers have been periodically determined. Sinbar (DuPont) was used in each year at 
commercial rates for general weed suppression. Over winter annuals: Groundsel was 
abundant in all untilled plots in the spring of 1992. On May 1, 1991, flamed and tilled 
plots averaged 35.1 and 1,130.0 groundsel plants per plot, respectively. Data is 
similar for 1992, but is not shown. Because groundsel was not a problem on the 
remainder of the farm, it is believed that the groundsel may have been brought in with 
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the mint roots. Tillage in late February or early March of 1991 and 1992 largely 
eliminated these weeds for several months in each of 1991 and 1992 from the tilled 
treatments. By summer, these weeds spread back into tilled plots, requiring control 
efforts in all plots. Buctril was applied after harvest in 1991 and 1992 for groundsel 
weed control. When necessary, plots were weeded by hand. Grass weeds of several 
species were abundant in all plots in 1992, having spread into plots from the grass- 
planted plot borders. Periodic use of the non-registered herbicide Assure (DuPont) 
provided good control of most grass, and constituted the only non-commercial pesticide 
applications made in the trial. Weeds were generally absent by the time plots were 
harvested. 

Ground Cover: Figure 1 shows ground cover data for 1990-92, a measure of the plant 
stand density. Ground cover specifically is a measure of the plot surface area, which is 
green with late spring/early summer mint growth, prior to branching overgrowth of 
bare ground by compensative mint growth. A low rating indicates plants are missing 
for some reason. In 1990 (prior to first tillage in 1991) , and in 1991 and 1992 after 
tillage, stand density early in the year was quite high (above 95 percent). In plots that 
were not tilled, stand in 1991 was approximately 80 percent for V. dahliae infestations 
initially below 5 MS/g of soil. The difference between tilled and untilled plot 
percentage ground cover ratings was statistically significant (p <0.05). The greatly 
reduced stand in untilled plots initially infested with 5.0 MS/g of soil was significantly 
different (p <0.05) from the stand in other untilled plots. In 1992 compared to 1991, 
percentage ground cover was greater in all plots, both tilled and untilled. Differences 
in ground cover between tilled and non-tilled plots again were significant (p <0.05), as 
was the difference between flamed plots initially infested at 5.0 MS/g of soil compared 
to other flamed plots. 

Growth and Development: Plant height was measured periodically each season. 
Plants in all plots in 1990 all sized and matured equally, based on visual observations. 

In 1991, it was noticed that tilled plots were slightly delayed in growth and 
development compared to flamed (untilled) plots. This was reflected in height from 
emergence/greenup through May, but heights were similar after May. Casual 
observation revealed no treatment differences with respect to maturity near harvest, at 
what appears to be roughly 10 percent bloom, the industry standard for ensuring 
acceptable yields and oil composition. However, careful observation suggested slightly 
greater bloom development in flamed plots. This difference was not quantified in 
1991, and oil samples were collected and handled insufficiently to determine whether 
oil from tilled plots might be more "immature" than oil from untilled plots. In 
1992, a similar delay in spring growth was seen in tilled plots. After about mid-June, 
canopy height was comparable among all treatments irrespective of treatment. 

Two days prior to 1992 harvest, no plots were overmature based on field observations 
of station staff and commercial oil buyers, and most observers saw relatively little 
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difference among treatments. On that day, plant development was characterized in the 
following manner: 10 groups of 10 stems were selected randomly throughout each 
80 x 10 ft plot on July 28, three days prior to harvest. Floral development on each 
stem was rated by the following scale: 

0 = no buds 
1 = tight first buds only 
2 = one or more flowers one half mature length 
3 = one or more flowers full length, no bloom 
4 = one or more flowers in bloom 
5 = post-bloom 

An average rating was determined for each plot, and analysis of variance performed 
using the average value per plot. No treatment differences occurred among verticillium 
infestations, but tilled plots averaged an 0.97 rating, and untilled plots averaged a 1.88 
rating, which were significantly different (p <0.05). It was determined to be 
unfeasible in 1991 and 1992 to have split harvest schedules, i.e. to harvest each plot 
on the basis of a standard of plant development such as 10 percent bloom. 

Wilt incidence: Wilt symptoms first appeared in test plots in mid-late June, 1992, at 
least several weeks earlier than in either 1990 or 1991. Figure 1 shows accumulated 
wilt strikes or loci at harvest for each of 1990, 1991, and 1992. The number of weeks 
during which visual wilt symptoms accumulated prior to harvest was approximately 
four, six, and six for 1990, 1991, and 1992, respectively. For each year, wilt 
incidence was greater (and statistically significant, p <0.05) with increasing initial 
infestation. For flamed but unfilled plots, wilt incidence in 1992 was comparable to 
1991. For tilled but unflamed plots, wilt incidence was greatly increased in 1992 
compared to 1991. In both 1991 and 1992, significant interaction effects (p <0.05 
were seen between inoculum density and cultural practices: the amount of wilt 
observed with increasing inoculum density was greatly different with tillage vs. 
flaming. 

Figure 3 shows graphically an interesting block effect with respect to wilt and inoculum 
density in 1992, and which was also observed in 1990 and 1992. Although this trend 
occurred with other rates,of initial infestation, only data from the highest initial 
infestation is shown. Wilt incidence consistently decreased from east to west (replicate 
1 is the easternmost) across the trial area. The significance of this relationship is 
discussed below. 

Plot integrity: It would shorten the useful lifetime of this field trial if wilt were to 
intensify 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 
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machinery and personnel, these may have transported some inoculum among plots. To 
date, there has been nearly no gopher activity in the plots, although these exist 
elsewhere on our field. Nevertheless, 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 in x 80 ft harvested strip (267 sq ft) 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 percent) with the directly 
measured fresh weights. Dry weight means for each treatment are shown graphically 
in Figure 2 for all three 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 
the proportion of oil recovered from sub-samples. Mean oil yield per acre for each 
treatment is expressed graphically in Figure 2 for 1990, 1991, and 1992. Both dry 
weights and oil yields were correlated with oil yields above 92 percent for 1990, but 
only between 60-70 percent for 1991 and 1992. 

In 1990, V. dahliae infestation significantly (p <0.05) enhanced both dry weight and oil 
yield at 1.0 MS/g of soil initial infestation over the yield in other infested and the non- 
infested plots. 

In 1991, oil yield in all infested plots was significantly (p <0.05) higher than oil yield 
in the non-infested plots. Such enhancement was seen for intermediate infestation 
levels in 1991 with respect to dry weight. Any such yield enhancement was not 
anticipated and is not noted from other literature on V. dahliae from other crops. 
(Some farmers have suggested that they have seen such indications in commercial 
fields.) 

In 1991, excluding the non-infested treatment, oil yield dropped with increasing rate of 
infestation, and this drop was statistically significant (p <0.05). Flamed treatments out 
yielded tilled treatments in 1991 (p < 0.05), except for the non-infested treatments, 
which yielded similarly. 

In 1992, the relationship between initial inoculum density and both dry weight and oil 
yield was consistent: oil yield declined (p <0.5) with increasing inoculum density -- no 
increase in yield at some level of infestation occurred. There was no overall 
differences between flaming and tillage, but there were significant statistical 
interactions (p<0.05) between these cultural practices and inoculum density. For 
example, for initial inoculum density of 0. 0.01. 0.1, 1.0, and 5.0 MS/g soil, tilled 
plots yielded 74.5, 67.9, 67.3, and 58.7 lb/a of peppermint oil, whereas flamed plots 
yielded 71.7, 65.7, 68.0, 70.1, and 59.9 lb/a of peppermint oil, respectively. In 1992, 
mint performed better with tillage for initial inoculum densities below 0.1 MS/g soil, 
but above this initial inoculum density peppermint performed better where flamed. 
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Figure 3 shows graphically some significant (p <0.05) and interesting block vs. 
inoculum density interactions with respect to yield parameters in 1992, although the 
same relationships were seen in 1990 and 1991. In this case fresh weight is shown. 
Fresh weights for all inoculum densities of 1.0 MS/g soil and lower are averaged for 
each replication. These means in general decline across the five replications in the 
field trial. The fresh weight for each replication for initial inoculum density of 5.0 
MS/g soil, in contrast, increases across the trial. Possible implications of these 
observations are discussed below. 

Oil Composition: Twenty-four components of mint oil were evaluated by gas 
chromatography, and means for percent composition of each component are shown in 
Table 1. If no statistically significant differences (p < 0.05) were found, only the 
overall mean is shown. Otherwise, treatment for V. dahliae, esters, neomenthol, and 
menthol significantly increased, and 3-octanol and menthone significantly decreased 
with increasing initial infestation. This seems to fit with a common concept of mint 
produced under increasing stress (R. Croteau, Wash. St. Univ., personal 
communication). For oil from mint in tilled vs. flamed plots, menthofuran and 
pulegone were lower from tilled plots, and esters and neo were lower from flamed 
plots. Oil composition from tilled plots is consistent with oil produced from less 
mature plants than the oil from flamed plots (R. Croteau, Wash. St. Univ., personal 
communication). 

Recovery of MS from infested plots: Investigations into sampling protocol. In 1990, 
we addressed soil assay methods, confirming that wet sieving and the Anderson Air 
Sampler were useful tools and procedures for assay of soil. In general, as suspected, 
wet sieving proved more tedious, but seemed more likely to be useful for low soil 
populations of microsclerotia, because more soil can be assayed. However, this 
remains unclear, since small microsclerotia may pass through the screens generally 
required. We continue to use both methods, or one or the other, at various times. 

Initially, we were to sample plots every four to six weeks during the season to 
determine the seasonal dynamics of population density of microsclerotia. Reported data 
elsewhere suggests some slight fluctuation during the year, peaking in summer, with 
fall and spring being slightly lower (15). With reduced technical help, we determined 
the inoculum density just in the late spring through summer. 

Following fumigation, no microsclerotia could be recovered from our test plots by 
either wet sieving or by the Anderson Air Sampler. This was verified in an 
independent laboratory. As shown in Table 2, in the spring of 1990, numbers of 
microsclerotia recovered from plots initially infested with 1.0 and 5.0 MS/g soil gave 
similar values to initial infestation in the fall of 1989. As roughly 1.0 MS/g soil was 
considered to be an effective limit to our ability to detect microsclerotia, recovery from 
plots initially infested at lower levels was not attempted. 

In June, 1991, recoveries of microsclerotia were 0.45 and 1.64 MS/g soil for flamed 
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plots, and 1.06 and 1.42 MS/g soil for tilled plots, respectively, from plots initially 
infested at 1.0 and 5.0 MS/g soil, which also appears on Table 2. In 1992, 
microsclerotia in the soil of our late spring sample was damaged by heat during drying. 
Data from a fall soil sampling (September) is shown in Table 2. For initial 
infestations of 0, 0.01, 0.1, 1.0 and 5.0 MS/g soil, recoveries in 1992 were 1.6, 
3.2, 7.6, 32.2, and 9.4 for tilled plots and 0.6, 6.0, 2.0, 3.4, and 5.0 MS/g of soil for 
flamed plots, respectively. Neither directly, nor with various transformations, are 
the data significantly different with respect to tillage and flaming for any recovery 
period. The 1992 data are quite variable, and possibly with repeated sampling some 
trend may emerge -- there does seem to be more sclerotia recovered from tilled than 
from flamed plots, but this is by no means clear. 

Commercial field evaluations: 

Recovery of microsclerotia from naturally infested field soils: During 1991, evaluation 
of field sampling methods was curtailed by the loss of a pathology research assistant 
due to university-imposed budget reductions. Some results were obtained and are 
reported here. 

For 16 commercial field samples, the fields were partitioned into from four to eight 
areas based on recollections of wilt history, based on subsequent cropping regimes, and 
based on soil type or local geography. Some areas were repeatedly sub-sampled 
(maximum of 5) to check sampling reliability. Assays on soil samples were conducted 
with both wet sieving and Anderson Air Sampler methods. Each soil sampled or sub- 
sample was assayed twice over several weeks, to evaluate assay consistency. 
Recovered MS/g soil ranged from 0 (i.e. no recovered microsclerotia) to over 30 
MS/gm soil. Variability between repeated assays was slight. Variability between 
repeated sub-samples was substantial. The coefficient of variability is defined as the 
standard deviation expressed as a percentage of the sample mean. The coefficient of 
variability for 2, 3, 4, and 5 repeated sub-samplings did not drop much from an initial 
value of about 80 percent. 

In general, with this limited sampling, there was no apparent relationship between total 
microsclerotial recoveries and field wilt history or crop rotation. However, colonies on 
assay plates were not recultured and tested for pathogenicity, so other strains of V. 
dahliae may also have been present and contributed to the total assayed count. Perhaps 
more meaningful was the failure to recover any microsclerotia from sections of some 
fields in which there was strong farmer recollection that wilt was very chronic and 
abundant through the years. In some cases, these fields had been planted several times 
with repeated high wilt incidence. 

Strain evaluation: During 1991, evaluation of methods for distinguishing among strains 
was curtailed by the loss of a pathology research assistant due to university-imposed 
budget reductions. Some results were obtained and are reported here. 
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After potting, mint stems were about 5-6 cm above the soil level. Symptoms appeared 
after about 2-3 wks. At that time, growth of peppermint cuttings inoculated with V. 
dahliae averaged 9 cm (7-10 cm range) for those inoculated with isolates of mint taken 
originally from wilted mint. All plants arising from cuttings dipped into V. dahliae 
isolated from diseased potatoes, and non-inoculated plants in the water control, 
averaged 16 cm (13-20 cm range). The potato strain inoculated peppermint plants 
appeared to have superior growth to even that of the water control. Some of the 
peppermint plants inoculated with V. dahliae originally isolated from peppermint died 
while others commonly had chlorosis and/or bilateral leaf curling. 

Discussion 

Mint performance in relation to inoculum density and cultural practices: 
Winter damage x verticillium interaction x cultural practices? Record cold 
temperatures and dry soil conditions occurred in the winter of 1990-91. This likely 
caused the 20 percent reduction in percentage ground cover in the spring of 1991 in 
plots initially infested at or below 1.0 MS/g soil, even for non-infested plots. Such 
stand reductions were common throughout central Oregon in the spring of 1991. 
Because tilled plots were treated in the spring of 1991, rather than tilled in the fall of 
1990 as is also common, winter and V. dahliae effects were present prior to tillage. 
Tillage redistributed the surviving roots, rhizomes, stolons, and stems resulting in a full 
stand in all tilled plots. Fall tillage was not evaluated in this trial, but there is much 
local discussion as to whether spring or fall tillage is superior with respect to avoiding 
effects of dry, open, and cold winters. Clearly, even in the most severe conditions to 
occur for many years, spring tillage was sufficient to re-establish excellent plant stands. 

The most startling result, however, was the 70 percent reduction in ground cover in 
plots most highly infested with V. dahliae. A similar large decline was observed in the 
winter of 1990-91 by G. Santo in micro-plots heavily infested with Pratylenchus 
nematodes (20, 22). These results suggest a common mechanism, perhaps reduced root 
carbohydrate reserves resulting from the activity of either pathogen during post-harvest 
growth in the fall. Although this great reduction did not result in much yield loss, due 
to abundant foliage compensative growth into bare patches in the plots, it is likely that 
the greatly reduced stand puts these plots precariously close to large yield losses if the 
stand is further reduced. The large amount of bare patches certainly result in enhanced 
weed growth. 

Weediness x cultural practices: Spring tillage provided substantial weed control for 
winter annual weeds, compared to no tillage. This has been reported before (23) and is 
well known to farmers. It would be interesting to compare fall and spring tillage in 
this respect. 

Insect and nematode influences: To date, no insect, mite or nematode has emerged 
as a problem in our field trial. The trial was begun with relatively clean rootstock on 
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previously fumigated land around which the nearest recent mint plantings are several 
hundred yards away. This has prevented rapid influx of insect problems. Many of the 
problem insect pests are not strong flyers. Further, even though our plots are large by 
experimental standards, there are still large edge effects. The grass borders may 
harbor insect predators, which suppress increase of problem insects. We do find high 
populations of predatory mites, which must be suppressing population increases of the 
two-spotted spider mite. That Pratylenchus (lesion) nematodes have not yet generally 
established in our plots suggests that the initial clean rootstock and routine cleaning of 
any mechanical equipment entering the plots have obviated this pest. With respect to 
lesion nematodes, their absence is enabling us to get a clearer idea of what V. dahliae 
can do to mint by itself, since much of the early work on effects of V. dahliae was 
accomplished without knowledge of the interactive effect of lesion nematodes (16, 18), 
confusing interpretation of the earlier studies. 

Can V. dahliae be beneficial at times? Mint performance data for 1990 and 1991 
suggests that some V. dahliae, even the pathogenic mint strain, accounted for improved 
mint performance. This was not an expected result, and it did not carry over into 
1992. Nevertheless, many growers have observed improved mint performance in fields 
showing just a little bit of wilt, in contrast to "virgin" soil or fields showing abundant 
wilt symptoms. Further, the effect of potato strains shown above suggests a similar 
beneficial effect. These may be observations to be further investigated, but they are 
difficult to evaluate or draw conclusions from. Only one other instance of beneficial 
effect has been reported for V. dahliae, for tomato, (5) but, most scientists have not 
looked for beneficial effects at low inoculum dosage. Based on the 1992 data, any 
such beneficial effect is likely to be transitory and undependable. 

In-season wilt and its relationshi to s e ermint erformance: In 1992, and to some 
extent for 1991, increasing amounts of V. dahliae in the soil resulted in more in-season 
wilt incidence. This supports the idea that various means of adjusting the inoculum 
density downward could prove worthwhile. However, it also appears that a substantial 
amount of wilt can be present before much yield reduction occurs. From a yield 
perspective, even our most highly infested plots have not truly "wilted out" yet -- in 
their third harvest season they are still yielding about 80 percent of what non-infested 
plots are yielding. Some of this resilience is undoubtedly due to our use of the 
moderately tolerant variety `Todds'. If we had selected 'Black Mitchum', it likely 
would have performed much worse, and at lower initial inoculum densities. It will be 
important to observe the performance of 'Todds' over the next several years, to see 
how it (a) withstands the stand reduction impact of the winter of 1990-91 combined 
with stable in-season wilt pressure in flamed plots, and (b) withstands rapidly 
intensifying in-season wilt in tilled plots. 

Our yield data also clearly shows that, when the mint strain of V. dahliae, is present in 
the soil, the Horner flaming/no-tillage program (11, 16) applies to central Oregon, even
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in the presence of enhanced winter damage. However, in the absence of V. dahliae, 
tillage was directly beneficial for mint performance, even in the absence of insect pests. 
Tillage also helped control weeds, and improved root distribution when thinned by 
winter damage. Tillage may help overcome the effects of soil compaction, which were 
visible in our plots since tractor tires travel the same line each pass. However, when 
number of wilt loci per plot is adjusted to wilt loci per unit of ground actually covered, 
then the differences between the flamed and tilled plots at the highest rate of initial 
infestation is reduced considerably. In other words, in heavily infested tilled plots the 
loss of a plant to in-season wilt had less impact than did the loss of a plant in a heavily 
infested flamed plot, since there were relatively fewer plants in the flamed plots. This 
discussion is less applicable to plots initially infested at 1.0 MS/g soil or less, since 
stand differences are far less. 

With respect to oil composition, effects associated with increasing inoculum density in 
1992 were described by oil companies to be similar to those they associate with 
increasing stress on plants -- stress from various sources. This fits conceptually with 
how we believe verticillium affects plants, by interfering with water conduction. 

Effect of tillage on growth: Presumably, tilled plants needed to re-establish a root 
system whereas untilled plants were not delayed, and/or perhaps rhizomes were more 
shallow in flamed plots than in tilled plots, which encouraged earlier emergence of 
foliage. Such growth and developmental differences might account for yield and 
quality differences at harvest. Yield effects due to a few days difference in plant 
maturity near flowering are likely to be small, based on other studies (24). 
However, in 1993, we intend to harvest small sections of our plots at various times 
to confirm this. 

With respect to oil composition, however, a few days difference in flower part 
development can greatly affect composition (24). Oil company representatives 
attributed most oil composition differences between tilled and flamed plots as those 
expected from plants of differing maturity -- with the tilled plots manifesting the least 
mature oil. Thus, a field in which spring tillage is practiced might require a slightly 
later harvest time to yield the same oil composition as a non-tilled field. 

Block effects: Mint height and yield were greatest on the east end of the field where 
soil was deepest (12-18 in), but diminished toward the west, where soil was shallower 
(8-12 in) 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. However, in the highly infested plots (initially 5.0 MS/g of 
soil) these relationships 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. 
Possibly these observations relate to relative root extension and growth rate, and 
responses to V. dahliae as reported by Ashworth and Huisman on impeded tomato root 
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growth (verticillium wilt was worse where soil impeded root growth) (2), or to 
observations by Geudreault (8) on potato root infections in wet soils (systemic 
infections were favored by wet soils), but the relationship is not clear without further 
study. Further study may reveal clues to optimum management for both mint 
performance and wilt control. 

Soil assays and changes in inoculum  density: Our 1990 recovery of microsclerotia 
suggested that we could recover numbers similar to what was originally infested --
presumably there would be little change between early winter 1989 and late spring 
1990. During the 1990 through 1992 seasons, these initial levels would be expected to 
change somewhat. 

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 (9, 12, 13). On the other hand, large upward shifts in 
microsclerotial populations arise from the large numbers of MS that form in above 
ground stems, and which eventually find their way into the soil (1, 9, 12, 13, 22). 
This is the reasoning behind the benefit of flaming of stems after harvest, since 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 (14) 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 MS 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 MS 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 MS forming from stems infected in 1990. On 
this basis, our low microsclerotial recovery in 1991 might primarily represent residual 
inoculum free in the soil. 

How, then, do we account for the recoveries listed in Table 2 for 1992? The most 
anomalous results are for flamed/non-tilled treatments and for non-infested treatments 
where either very low maintenance reproduction, or no reproduction, was expected. 
Further, even for intermediate to high initial inoculum densities we expected a large 
difference between flamed/non-tilled (low expectation) and tilled/non-flamed (high 
expectation) -- but this large difference is not apparent. Greater sampling efforts will 
be expended in 1993 to verify these 1992 figures. 

It may not be the case that microsclerotial populations develop equally in all situations. 
And, although plots initially were uniformly infested, plots would be expected to 
become less uniformly infested over time. Conceivably, even incompletely decayed 
stems or aggregated clumps still containing abundant verticillium as MS might serve 
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as potent infection points (J. Davis, personal observations).

Grower field data: Little relationship seemed to exist between estimated inoculum 
levels from growers fields, wilt histories, or other factors. Conceivably, recovery 
efficiency may be poor for some soils, perhaps including the soil from our trial. MS 
recoveries can vary seasonally, with mid-summer recoveries two to four times early 
spring and late fall levels (16). We have taken some care to measure our 
populations at mid-season when they are thought to be highest. The actual number 
of MS in soil may not be so highly variable: measured seasonal variability might have 
much to do with the ability of MS to germinate on selective media at different times of 
the year, perhaps due to the seasonal dynamics of other soil biological factors. Data 
on comparisons of recovery for different soil is not currently available, and may be 
a future objective. 

Strains: The data suggests that the strain or type of isolate of V. dahliae will influence 
the quality of symptoms and associated severity of wilt. Potato strains of V. dahliae 
may not produce symptoms in peppermint or may even positively influence plant 
health by the root:fungus association. This also points out the need for strain typing 
in conjunction with soil assays for reasonable interpretation of assays. 

Conclusion 

a. Verticillium can interact with cold temperatures to lower winter hardiness of 
peppermint. 

b. Mint (at least the "Todds' variety used in our field trial) can greatly compensate for 
poor stands due to verticillium, either in-season wilt or enhanced winter kill. This 
likely is true for reduced stands from other causes. 

c. Weeds are encouraged and weed control is exacerbated with poor stands. Thus, 
verticillium wilt (or other causes of stand thinning) exacerbate weed problems. 

d. The number of plants that die following development of wilt symptoms in the field 
during the growing season increases with increasing numbers of MS present in the soil 
prior to planting. (This relationship is less clear for populations that develop following 
the planting, and clarifying these post-planting population dynamics remains an 
objective of this study.) 

e. The "Horner" model for control of wilt by propane flaming of stems after harvest 
seems to apply in central Oregon, even for a moderately tolerant variety to V. dahliae: 
Tillage without flaming increases the amount of wilt each year. Flaming without 
tillage results in no increase in wilt incidence over that resulting from initial levels at 
planting. 
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f. The relatively straightforward relationship of applied inoculum density in the test 
plots seems somewhat confounded by the soil recoveries from both test plots and 
growers fields. Probably, the process of microsclerotial formation in stems, release 
from stems into soil, and survival and re-infection is not a simple nor straightforward 
process. The story is further confounded by the uncertainties of soil sampling and 
assay. It is disturbing that no sclerotia could be recovered from parts of some 
commercial fields with known severe history of wilt, and that relatively high recoveries 
were found in test plots from which few or no microsclerotia were expected. 
Resolving these uncertainties will be an objective of future research. 
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Table 1. Composition of peppermint oil in 1992 from a central Oregon field trial initially infested in 1989 with a range of microscierotia (MS) of Verticillium 
dahliae (main treatment). Plots were split and spring tilled or propane flamed after harvest. Overall means are shown for each component, and treatment 
means are shown if statistical significance (p<0.05) among treatments*.. 

  
percentage composition of oil 

cultural practice MS/g soil ofd. dahliae 

Component Overall Mean tilled flamed 0 0.01 0.1 1.0 5.0 

Alpha Pinene 0.80        
Beta Pinene 1.56  
Myrcene 0.24  
Alpha Terpinene 0.12  
Limonene 1.36  
Cineole 5.05  
Gamma Terpinene 0.25  
Para Cymene 0.16  
Terpinol 0.18  
3- Octanol 0.21  0.22 0.22 0.22 0.22 0.18
Sabinene Hydrate 3.07  
Menthone 30.71  31.76 31.53 31.15 30.35 28.45
Menthofuran 1.64 1.43 1.63 
D-Isomethone 3.07  
Beta-Bourbonene 0.55  
Ester = Menthyl Acetate 2.85 3.17 2.81 2.36 2.55 2.64 2.80 3.72
Neomenthol 2.68 2.77 2.69 2.58 2.60 2.63 2.68 2.97
Beta Caryophyllene 2.50  
L Menthol 33.82  33.09 33.53 33.46 34.26 34.99 
Pulegone 0.31 0.21 0.31 
Germ acrene-D 3.25  
Piperitone 0.53  
Total Heads** 9.86   

* Statistical significance at 5%: Menthol (vert), Menthofuran (cultural practices), Neomenthol (cultural practices). At 1%: 3-Octanol (vert). 
At 0.1%: Menthone (vert), Ester (vert, cultural practices), Neomenthol (vert), Pulegone (cultural practices). Statistically significant interactions 
between y. dahliae and cultural practices (5%): B-Bourbonene, Ester. Block effect for Ester (5%). 

** All low boiling compounds up to and including terpinolene 



  
Table 2. Infested and recovered microsclerotia (MS) of Verticillium dahliae per gram of soil from a field trial in central 
Oregon, 1990-1992. 

MS/g of soil 

uniform infestation 
(Calculated) means (S.D.) of recovered amounts 

1991 1992 1989 1990 
flame 

till 
flame till

 

0 * * * 0.6(0.5) 1.6(3.0) 

0.01 * * 
 

6.0(5,7) 3.2(1.8) 

0.1 0 (0) 0 (0) 0 (0) 2.0(2.9) 7.6(7.8) 

1.0 0.6(0.6) 0.45(0.32) 1.06(0.43) 3.4(3.5) 32.2(50.3) 

5.0 7.1(3.4) 1.64(0.32) 1.42(1.06) 5.0(3.2) 9.4(9.3) 

 

* not attempted. 







 


