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Abstract 

Field performance, including oil character, of six peppermint varieties/selections, established 
from a common source of rooted cuttings in 1994, were compared in their first full production 
season in 1995 in central Oregon. The experimental design was a randomized split-block 
design, and was situated on land with no prior peppermint production and without significant 
verticillium wilt infestation. In the late fall of 1994, microsclerotia of Verticillium dahliae were 
uniformly infested on plots in half of the trial, and half was left non-infested. 

Mean oil yields among varieties/selections were not statistically separable, although 'Black 
Mitcham' yielded the lowest dry weight and highest oil per unit dry weight. 

As for much Madras area peppermint in 1995, oil from the variety trial generally was 
considered to have a somewhat immature character, suggesting harvest was a little early for 
optimal local character. Entrees fell into four groups: (1) 'Murray', Todd's', and 'M83-7' 
were near the average for each component reported; (2) 'Black Mitcham' had the lowest total 
ketones, menthone, and esters, and highest menthofuran; (3) 'Robert's had the lowest pulegone 
and the highest esters; (4) 'T84-5' had the lowest total menthol, menthol, the highest total ketones 
and menthone, and also had low esters. The import of these differences awaits industry discussion. 
Considerations should include the reliability of one year's data, a single region of performance, 
potential difference in research vs. commercial still performance, and the apparent early harvest 
in 1995. 
Powdery mildew incidence was greater throughout the season on 'Black Mitcham', and was 
consistently the least on 'M83-7', 'Murray', and 'T84-5'. 'Todd's' and 'Robert's' were intermediate 
with respect to powdery mildew incidence. 
As expected, wilt levels were substantially higher in infested vs2 non-infested plots. Prior to 
harvest, an average of 11.6 wilt strikes accumulated per 160 ft plot for infested plots in 
contrast to an average of only 0.2 strikes per noninfested plot. The mean number of strikes per 
plot were 19.0, 16.8, 12.0, 9.8, 6.0 and 6.0 for 'Robert's', 'Black Mitcham', 'Todd's', 'M83-7', 
'Murray' and 'T84-5', respectively, which were not statistically separable (p<0.05). Based on 
the applied inoculum level, this moderate amount of wilt was as expected for all 
varieties/selections other than 'Black Mitcham', which showed less wilt symptoms than 
expected. A statistically significant interaction (p<0.05) between percent spring ground 
cover and wilt infestation indicated that the 'Todd's' and 'Murray' varieties over-wintered as 
well in wilt-infested soil as in non infested soil. The other entries had slightly reduced stand in 
infested plots compared to non-infested plots. 
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Introduction
'Black Mitcham' is an old variety of peppermint. The oil character of 'Black Mitcham' sets the 

standard for commercial peppermint oil character, which other varieties must match (Roberts, 
1994). 'Murray Mitcham' and 'Todd's Mitcham' (released in the 1970s) are irradiated selections 
of 'Black Mitcham' that retain traditional oil character, but have higher wilt tolerance (Horner & 
Melouk, 1976a,b, Horner & Melouk, 1977, Todd et al., 1977, Roberts, 1994). Peppermint 
growers consider 'Murray' and 'Todd's' to be somewhat more difficult to grow than 'Black 
Mitcham'. Growers commonly state that 'Black Mitcham' is more vigorous than the wilt-tolerant 
varieties, and that the latter are more variable in performance from region to region, within 
regions, and even within individual fields. 'M' and 'T' selections listed below are further 
irradiated forms of either 'Murray' or 'Todd's' (Roberts, 1994). Prior to 1995, experimental 
designs had not been employed to utilize statistical measures of comparison among varieties 
with respect to yield, growth, disease susceptibility, vigor, etc. (Roberts, 1994, and also see 
similar reports in earlier years). In 1994-1995, the Oregon State University Central Oregon 
Agricultural Research Center participated along with other universities in establishing replicated 
and randomized field trials in various peppermint producing regions of the United States. 

Methods and Materials 
Plots were planted as rooted cuttings of six peppermint varieties or selections in 1994 in a 

randomized block experimental design, initially with eight replications. Varieties/selections 
included 'Black Mitcham', 'Murray' (redefined), 'Todd's', 'M83-5' (or 'Robert's), 'M83-7', and 
'T84-5'. Rooted cuttings were received from Plant Technologies, Inc., Albany, OR, on June 6, 
1994 and planted June 7, 1994. Plots were 20' x 8'. Plants were spaced 16 inches apart along 
five rows per plot with 20-inch row spacing In spite of irrigation, high, hot and dry winds soon 
after planting resulted in some plant loss, which was supplemented with additional plants. Thus, 
additional rooted cuttings of 'Black Mitcham', 'Todd's', and 'Murray', and mother bed rhizomes 
of 'M83-7' and 'T84-5', were received and planted on July 19, 1994. Additional rooted 
cuttings of 'M83-5' were received and planted on August 9, 1994. After fall dormancy, all plots 
were rototilled to redistribute rhizomes within each plot on November 1, 1994, and 
simultaneously the plots on one half of the trial were infested with a uniform background 
of 2.0 microsclerotia/gm soil of Verticillium dahliae. The isolates of the pathogen used were 
taken from the same field of diseased 'Todd's' peppermint in central Oregon, and were proven to 
be pathogenic in laboratory stem inoculation tests. As of November 1994, the 
experimental design became a split block, and within each split block varieties were randomized 
within four replications. 
Peppermint was managed for irrigation, fertility, and pests as per local commercial practices, 
which are not further specified here unless noted. Field notes were taken throughout 1994 and 
1995, and are summarized as tabulated data below. Peppermint was swathed with a plot 
harvester, and about 10 lb of fresh hay per plot was air-dried in loosely-packed gunny sacks 
prior to distillation. As well as possible, distillation was as per industry standards (Hughes 
1952), but using mini-stills located at the COARC. Oil from each plot was collected into vials 
that were topped off with nitrogen gas and stored in refrigerated darkness prior to shipping to 
Wm. Leman, Inc., Bremerton IN, for oil compositional analysis by standard gas 
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chromatography. Nitrogen status of soil or peppermint stems from plots was determined several 
weeks prior to harvest. 

Results and Discussion 

Data below are means of eight replications (1994) or four or eight replications in the split block 
trial (1995). Table 1 shows various growth measurements for 1994 and 1995, and disease 
ratings for 1995. Table 2 shows growth and disease at harvest, along with harvest data for 
1995. Table 3 shows oil character data for 1995. 

Growth and development: Data from 1994 was considered of secondary importance, as rooted 
cuttings were getting established irregular establishment resulted in irregular growth, and 
infestation with verticillium occurred after the season had ended. As shown in Table 1, from the 
original planting of rooted cuttings, 'T84-5' required fewer re-plants than either 'Murray' or 
'Todd's', which in turn required fewer replants than other varieties/selections (p<0.05). 'T84-5' 
and 'Todd's' suffered greater soil line stem breakage (thought to result from an excessive top 
growth development compared to rooted cutting stem strength) than the other 
varieties/selections (p<0.05), although all plants recovered. All varieties/selections seemed to 
tiller well late in the season 1994. Fall tillage in 1994 was used to redistribute rhizomes in an 
attempt to equalize spring stand density, due to rooted cutting establishment irregularities during 
1994. 
There were statistically significant differences (p<0.05) among varieties with respect to ground 
cover ratings on May 12, 1995, including a sizable difference in ground cover between infested 
and non-infested plots. This test could not be directly compared statistically. There also was a 
statistically significant interaction (p<0.05) between variety and infestation. In other words, the 
percentage of ground cover was different among varieties, and at least some varieties responded 
differently in infested vs. non-infested plots. Overall, 'Todd's' had the highest percent of cover, 
and 'M83-7' the least. The overall means and statistical ratings are shown in Table 1, but this 
observation may be further clarified by looking at the means for both infested and non-infested 
plots separately as shown in Table 2. 
It seems as if the percentage ground cover was reduced in the infested plots of all 
varieties/selections. The exceptions were the 'Todd's' variety, which had the identical rating in 
both infested and non infested parts of the trial, and 'Murray', which seemed minimally reduced. 
Although seasonal disease ratings will be discussed later, spring stand ratings might be as 
critical a measure of verticillium effect as is seasonal disease, especially following a severe 
winter (Crowe 1994). 
Pre-harvest stem height differences among varieties/selections were measured on several dates 
(Table 1). Stem heights were greater throughout the season on infested vs. non-infested plots. 
This could not be statistically evaluated due to the split-plot design, but this data is similar to 
that found in other verticillium trials in central Oregon (Crowe, 1994)). The cause and 
importance of this effect-response is not clear. On July 17, 1995 more branches were measured 
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on 'Black Mitcham' and 'M83-7', and fewer were measured on 'Murray' than other 
varieties/selections, but the differences were not separable statistically (p<0.05). Possibly, a 
greater number of samples may have demonstrated statistically significant differences. Also on 
July 17, 1995, as shown in Table 1 'Black Mitcham' was advanced over all other varieties in 
early bud development (p<0.05). 
'Black Mitcham' was consistently lighter green throughout the season. Soil and petiole 
analyses for nitrogen indicated that nitrogen usage was comparable among varieties during 1995, 
and this data is not included. Except as noted above, growth visually was comparable on all 
varieties until late July, when 'Black Mitcham' both lodged uniformly and produced vigorous 
secondary growth. Other varieties were irregular in lodging and secondary growth. Note the 
lodging rating on July 25, 1995 (Table 1), and the lodging and secondary growth (rated as a 
combined character) rating on August 7, 1995 (Table 2). The data for August 7, 1995 is 
shown in Table 3. 
In addition to large differences between the non-infested and infested plot data, varietal response 
varied significantly (p<0.05), and there was a significant interaction (p<0.05) between variety 
and infestation. Essentially, 'Black Mitcham' did not respond adversely to the factor that caused 
poorer development in the non-infested half than in the infested half of the trial. The responsible 
factor was likely not infestation itself, but rather an irregular watering pattern that occurred 
about the first of August on all plots, and persisted somewhat longer on the non-infested side of 
the trial area. Nevertheless, all varieties except 'Black Mitcham' responded poorly to this 
condition on the dry non-infested side of the trial. This was an interesting effect in itself and 
may explain growers' experience and preference for 'Black Mitcham'. 
Yield: Means for harvested oil and hay yields are shown in Table 4. In spite of the near-harvest 
lodging and secondary growth differences described immediately above, no statistical differences
(p<0.05) were found among varieties/selections with respect to oil or dry weight hay yields, nor
for the amount of oil per unit dry hay weight. Nevertheless, 'Black Mitcham' was the highest oil
yielder and lowest hay yielder and consequently had the highest proportion of oil per unit dry 
weight. 'Robert's' was quite close to yielding the same as 'Black Mitcham'. Although leaf age 
and branching were not measured specifically, part of the lodging/secondary growth rating for 
August 7, 1995 included a visual estimate of such differences. At that time, 'Black Mitcham' 
had a greater proportion of leaves in various stages of development, whereas other varieties 
had a higher proportion of older leaves. 
Oil character: Oil character as determined by Wm. Leman, Inc., was limited to the following 
components: total heads, total ketones, total menthol, menthofuran, menthone, menthol, esters, 
and pulegone. Data are listed in Table 5. As for much Madras area peppermint in 1995, oil 
from the variety trial generally was considered to have a somewhat immature character, 
suggesting harvest was a little early for optimal local character. For all varieties/selections, total 
heads averaged 9.7 percent, total ketones averaged 29.4 percent, total menthol averaged 41.5 
percent, menthofuran averaged 5.7 percent, menthone averaged 24.4 percent, menthol averaged 
33.4 percent, esters averaged 5.1 percent, and pulegone averaged 1.4 percent. 'Murray', 
'Todd's', and 'M83-7' were near the average for each component reported. 'Black' had the 
lowest total ketones (26.5 percent), menthone (21.8 percent), and esters (4.6 percent), and 
highest menthofuran (7.4 percent), p<0.05. 'Robert's had the lowest pulegone (1.14 percent) 
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and the highest esters (5.6 percent), p<0.05. 'T84-5' had the lowest total menthol (39.3 
percent), menthol (31.6 percent), the highest total ketones (32.5 percent) and menthone (27.4 
percent), and also had low esters (4.8 percent), p<0.05. 

Disease ratings--Verticillium: Note comments on ground cover above. As noted in other years 
(Crowe, 1994), the effect of verticillium on winter survival may be at least as important as the 
effect of verticillium during the growing season. 

During the growing season, verticillium wilt appeared early on a few plants. Verticillium was 
rated on July 17, 1995; July 26, 1995 (Table 1); and on August 7, 1995 (Table 4). Wilt 
increased with each time period, but the relative rating by variety was similar among dates. The 
amount of wilt recorded was moderate, and well below the amount considered to be near "wilt 
out". The initial inoculum level was expected to produce about as many wilt strikes in 'Todd's' 
as were actually measured, with other moderately-tolerant varieties expected to be similar to 
'Todd's'. The amount of wilt observed on 'Black Mitcham' was much less than expected for this 
susceptible variety. We have no ready explanation for the limited wilt on 'Black Mitcham', but 
wilt incidence could increase disproportionally on this variety in future years. 
Disease ratings--Powdery mildew: In central Oregon, mildew rarely causes enough plant 
damage to warrant treatment, and mildew in this trial was never treated. Nevertheless, 
mildew is a problem in some other parts of the United States., and this trial showed varietal 
differences of interest. Ratings for 1994 and 1995 are shown on Table 1. The incidence of 
mildew consistently was higher on 'Black Mitcham' than other varieties, and least on 'M83-7' 
and 'Murray', in comparison to the other varieties/selections (p<0.05). 

In general, this first attempt at a replicated, randomized variety trial was successful, except for 
irrigation management problems. All varieties were managed identically, as there is insufficient 
information to know whether the optimal management practice for one variety is different than 
that for another. No apparent differences in nitrogen utilization occurred. On the other hand, 
the one irregular management factor that did occur (irrigation deficiency on the non-infested 
half of the trial area near harvest) seemed to result in greatly different growth among all 
varieties/selections except 'Black Mitcham'. This suggests that water management might need to 
be watched more closely on other varieties than on 'Black Mitcham', which might be addressed 
in another study. 'Black Mitcham' seemed to have a slight, but non-statistically significant 
(p<0.05) advantage in oil yield and in oil yield per unit dry weight in this first full production 
season. 
The reason for an apparent deficiency of wilt symptoms on 'Black Mitcham' this first year is 
unexplained, but 1995 was not a severe wilt year with respect to weather stresses. 

An important comparison among varieties/selections is oil character. Differences in this respect 
were abundant in 1995 in this trial. The import of these differences awaits industry discussion. 
It has long been suspected that there are differences between research and commercial stills with 
respect to oil character, and we have recently documented such differences (Mitchell & Crowe 
1995). The extent to which variety trials and research stills are suitable for acceptance or 
rejection of new varieties will await further industry discussion, more variety trial experience, 
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and possible improvements in mini-still design and operation. Considerations for 1995 should 
also include the reliability of one year's data, a single region of performance, the apparent early 
harvest in 1995, and possibly the moisture stress imposed prior to harvest. Further, these data 
must be compared with that from other regions. 
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TABLE 1: Growth and Disease, June 1994, through July, Madras OR, 1995 (Pre-harvest)1 

Varie % Stand 
Rooted 
Cuttings 
7/11/94 

Main Stem 
Breakage2 
10/8/94 

Powdery 
Mildew3 
10/8/94 

Ground 
Cover 
5/12/95

% Powdery 
Mildew3 
6/27/95 

Main Stem 
Height 
(cm) 
6/27/95 

Murray 82.4 b 1.1 a 9.4 b 67.6 ab 0.6 b 36.8 ab 
Todd's 78.3 b 2.5 b 3.1 a 73.8 b 2.5 be 37.3 ab 
Black 66.7 c 1.4 a 22.4. c 62.5 ab 5.1 c 32.6 a 
Robert's (M83-5) 65.7 c 1.5 a 5.0 a 68.2 ab 1.3 b 35.3 ab 
M83-7 60.4 c 1.6 a 11.3 b 57.5 a 0 a 36.5 ab 
T84-5 91.9 a 3.0 b 5.0 a 63.5 ab 0 a 39.3 b 

    
Non-infested4   69.6 2.3 34.7 
Infested4   62.9 0.8 37.8 

    
Interactions5 NA6 NA NA p<0.05 NS6 NS  

% Lodging 

Varie 7/25/95

VerticilliumMain Branch Bud Strikes/Plot 
Stem Develop Developm (Infested Plots
Height ment8 ent9 Only10) 
 
(C) 
7/17/95

Verticillium 
Strikes/Plot 
(Infested Plots 
Only10) 

7/25/95 7/17/95 7/17/95 7/17/95 
Murray 55.1 ab 1.3 0.04 a 2.8 a 28.8 a 4.5 a 
Todd's 58.5 ab 2.0 0.09 a 5.0 ab 35.0 ab 9.0 b 
Black 53.8 a 3.1 0.23 b 8.5 b 68.8 b 14.3 c
Robert's (M83-5) 57.1 ab 2.0 0.03 a 8.0 b 22.5 a 15.0 c
M83-7 55.5 ab 3.0 0.08 a 4.5 ab 36.3 ab 7.5 ab 
T84-5 60.5 b 2.8 0.06 a 1.8 a 35.0 ab 4.5 a 

    
Non-infested4 53.0  1.5 0.1 0.1 
Infested4 60.4  2.9 5.3 9.1 

    
Interactions5 NS NS NS p<0.05 NS p<0.05  
1. Means not followed by a letter are not statistically separable, p<0.05. Means followed by the same letter are 
grouped similarly, and are statistically separable from means followed by different letters, p<0.05. In 1994, there 
were 8 non-infested replications per variety in a simple experimental design. In the fall of 1995, inoculum of 
Verticillium dahliae was added to half of the trial, creating a split-plot design, with 4 replications per variety in 
each half of the trial. 
2. Main stems per plot were rated for soil-line breakage/canker. Such breakage is thought by F. Crowe to result 
from top-heavy foliage development. Plants typically proliferate below the break without continued problems. 
3. Estimated area covered by mildew on third and fourth mature leaves from the main stem apex, from ten plants 
per plot. 
4. Means for all non-infested and infested plots cannot be compared statistically due to experimental design, 
however, the means are shown if the PI considers them substantially different. See text for discussion. 
5. A statistically significant interaction indicates a different response pattern occurred among varieties in 
infested vs. non-infested plots. Any such interactions are discussed in the text. 
6. NA = Not Applicable -- the trial was not split at this time. 
7. NS = Not statistically significant, p<0.05. 
8. The number of branches with mature leaves was determined for 10 plants per plot. 
9. Plants were rated 1.0 if a bud was developing on the main stem, and 0 if not; 10 plants per plot were rated.
10. Variety means are shown only for the four infested replications, because nearly no disease appeared in non- 
infested plots. 
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TABLE 2: Ground cover data for interaction of variety vs wilt infestation, peppermint variety trial, Madras OR, 
1995 

Ground cover ratings (% of plot covered) on 5/12/95 

 'Murray' 'Todd's' 'Black' 'Robert's' 'M83-7' 'T84-5'
non-infested 68.8 73.8 67.5 73.8 62.5 71.3 

infested 66.3 73.8 57.5 62.5 52.5 65.0 

average 67.6 73.8 62.5 68.2 57.5 63.5 
 

TABLE 3: Lodging/growth data for interaction of varieity vs Wilt infestation, peppermint variety trial, Madras 
OR, 1995 

Lodging/Secondary Growth Rating (% of rating for highest performing plots) , 8/7/95 

 'Murray' 'Todd's' 'Black' 'Robert's' 'M83-7' 'T84-5'

non-infested 58.8 68.8 100 67.5 43.3 72.5 
infested 13.9 41.3 93.8 32.5 26.3 35.0 

average 36.4 55.1 96.9 50.0 34.8 53.8 
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TABLE 4: Development, disease and yields at harvest, peppermint variety trial, Madras OR, 19951 

Variety 

Harvest 
Verticillium Strikes Lodging/secondary Harvest Dry Wt Harvest Oil Oil/Dry 
(Infested Plots Only2) growth rating3 (lb/ac) Yield (lb/ac) Wt. Ratio 

(x100) 
8/7/95 8/7/95 8/8/95 8/8/95 8/8/95 

Murray 6.0 36.3 b 5651 56 1.05
Todd's 12.0 55.1 b 4836 60 1.29
Black 16.8 96.9 a 4680 66 1.41
Robert's (M83-5) 19.0 50.0 b 4893 65 1.36
M83-7 9.8 34.8 b 4957 62 1.31
T84-5 6.0 53.8 b 5498 58 1.12

   
Non-infested4 0.2 40.5  
Infested4 11.6 68.5  

   
Interactions5 p<0.05 p<0.05 NS6 NS  
1. Means not followed by a letter are not statistically separable, p<0.05. Means followed by the same letter are 
grouped similarly, and are statistically separable from means followed by different letters, p<0.05. In 1994, there 
were 8 non-infested replications per variety in a simple experimental design. In the fall of 1995, inoculum of 
Verticillium dahliae was added to half of the trial, creating a split-plot design, with 4 replications per variety in 
each half of the trial. 
2. Variety means are shown only for the four infested replications, because nearly no disease appeared in non- 
infested plots. 
3. See text for explanation. 
4. Means for all non-infested and infested plots cannot be analyzed statistically due to experimental design, 
however, the means are shown if the PI considers them substantially different. See text for discussion. 
5. A statistically significant interaction indicates a different response pattern occurred among varieties in 
infested vs. non-infested plots. Any such interactions are discussed in the text. 
6. NS = Not statistically significant, p<0.05. 
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TABLE 5: Percent composition of peppermint oil at harvest, peppermint variety trial, Madras OR, 
19951 

Total Total Total Mentho- 
Varie Heads Ketones Menthol furan Menthone Menthol Esters Pule one 
Murray 10.0 29.1 b 41.8 a 5.1 b 24.1 b 33.4 b 5.4 ab 1.30 b
Todd's 9.0 29.3 b 42.4 a 5.3 b 24.2 b 34.2 b 5.3 ab 1.46 b
Black 9.4 26.5 c 41.9 a 7.4 a 21.8 c 34.5 b 4.6 b 1.55 b
Robert's (M83-5) 10.0 29.3 b 42.2 a 5.2 b 24.5 b 33.7 b 5.6 a 1.14 a
M83-7 10.0 29.7 b 41.2 a 5.4 b 24.5 b 33.3 b 5.1 ab 1.45 b
T84-5 9.6 32.5 a 39.3 b 6.2 b 27.4 a 31.6 a 4.8 b 1.54 b

    
Non-infested2   42.0 5.4 5.4
Infested2   41.0 6.1 4.9

    
Interactions3 NS4 NS NS NS NS NS NS NS 
1. Means not followed by a letter are not statistically separable, p<0.05. Means followed by the same letter are 
grouped similarly, and are statistically separable from means followed by different letters, p<0.05. In 1994, there 
were 8 non-infested replications per variety in a simple experimental design. In the fall of 1995, inoculum of 
Verticillium dahliae was added to half of the trial, creating a split-plot design, with 4 replications per variety in 
each half of the trial. 
2. Means for all non-infested and infested plots cannot be analyzed statistically due to experimental design, 
however, the means are shown if the PI considers them substantially different. See text for discussion. 
3. A statistically significant interaction indicates a different response pattern occurred among varieties in 
infested vs. non-infested plots. Any such interactions are discussed in the text. 
4. NS = Not statistically significant, p<0.05. 


