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Abstract 

Six peppermint (Mentha piperita L.) varieties and advanced lines were grown in 
uniformly wilt-infested or wilt-free soil for four full production years, 1995 to 1998. All plots 
were maintained identically through 1995 and 1996 until the infested plots only were tilled 
after harvest in 1997 and 1998. For infested plots, wilt levels were moderate for all varieties 
in infested plots from 1995 through 1998, except that wilt levels increased greatly in Black 
Mitcham in 1997 and 1998 after the tillage events of 1996 and 1997. Stands were uniformly 
high until 1998, when Black Mitcham in infested plots developed only 60% spring stand 
density. Yields were uniformly high among all varieties until 1998, when the combination of 
poor stand and greater than one wilt strike per square foot of plot area for Black Mitcham 
resulted in only 70% of the hay average and only 80% of the oil average for other varieties. 
In 1998, other peppermint mint varieties maintained 91 to 97% spring stand density, 
developed only 0.1-0.3 wilt strikes per square foot of plot area, and generally suffered no 
yield losses. Except for Black Mitcham, inoculum densities of V. dahliae in 1997 and 1998 in 
the soil in infested plots of all varieties were similar, and were at levels expected to elicit 
moderate symptoms but no yield losses. In infested Black Mitcham plots, inoculum levels 
were 3-5 times higher than found for other varieties, and were at levels expected to elicit wilt 
abundant enough to cause yield losses. After four years, the Murray variety developed the 
lowest amount of wilt in infested plots, and the least residual inoculum density of V. dahliae. 
However, these differences were not statistically significant (P < 0.05) between Murray and 
other varieties including Todds, Roberts, M83-7 or T84-5, nor were there any other 
meaningful performance differences among any of these non-Black Mitcham varieties. 

For uninfested plots (which were never tilled), M83-7 seemed to lose vigor and yield 
in this fourth year, whereas M83-7 maintained this vigor in the infested plots, which had been 
tilled. There was trend in most years that Black Mitcham yielded slightly more oil and 
slightly less hay than other varieties, but no varieties could be separated statistically with 
respect to hay and oil yield (P < 0.05). 

The Central Oregon variety trials were maintained with sprinkler irrigation. Over four 
years, we observed that Black Mitcham required less water than other varieties to maintain 
vigorous growth, and Black Mitcham always lodged earlier and more extensively than other 
varieties (P < 0.05). As a result, other varieties tended to stop growing and began to drop 
older leaves once stressed for soil moisture, whereas with the same irrigation regime Black 
Mitcham held its leaves and continued to develop new growth. This difference was noted 
even in the absence of wilt. If stressed greater than the mint in our trial, this difference could 
account for much of the difficulty growers have in transitioning from Black Mitcham to other 
varieties as wilt intensifies in new production regions. 

Background 

Before 1994, mint generally had not been evaluated in public field trials which 
provided comparisons among varieties which could be statistically evaluated (randomized, 
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replicated plots in an appropriate experimental design). Such field trials were designed and 
implemented at the COARC and other locations in 1994 and following years. Primary 
objectives were to compare varieties for field response to wilt resulting from Verticillium 
dahliae and to compare field performance of mints both with and without the presence of V. 
dahliae. As discussed in this and previous progress reports (Crowe, 1994, 1996, 1997), we 
believe these objectives were met in 1994 through 1998, although we proposed elsewhere 
some modifications in plot design and management for future variety testing. A limiting 
factor was that oil character comparisons were desired in addition to field performance, and 
many in industry had reservations that the relatively small amounts of hay taken from small 
field plots and distilled in mini stills would provide a reasonable estimate of commercial oil 
character. These reservations included two questions: whether commercial character could be 
derived from scaled down stills at all, and also whether small plots could well represent large 
fields in which mint character was presumed to be variable. Both questions may have been 
addressed by modern mini still designs developed by L. McKellip and Newhouse 
Manufacturing (Redmond, OR) — preliminary reports are that commercial oil character can be 
achieved, and that the character is similar to large field character (L. McKellip, personal 
communication, 1997 and 1998) although more experience is required fully accept these 
preliminary reports. The COARC initiated its first variety field trial in 1994 without the 
benefit of a reliable mini still system, although a McKellip-Newhouse system was put in place 
and utilized beginning with the 1998 season. 

Objectives 

This study had two objectives: compare peppermint variety performance under 
uniform management and compare variety performance under (initially) uniform 
infestation of V. dahliae, the mint wilt pathogen. 

Methods 

The trial area and plots were extensively described in previous reports (See Crowe, 
1996, for greatest plot detail). Plots were established from rooted cuttings in 1994. The trial 
area was split into an artificially infested area and an uninfested area, with each variety 
replicated four times in a randomized block design within each area. The infestation was 
accomplished by tilling V dahliae (grown in the lab) into the soil in the fall of 1994 at a 
calculated rate of about 2.5 microsclerotia/gm of soil. This rate of infestation was 
anticipated to elicit a moderate amount of wilt in presumed wilt-tolerant varieties such as 
Murray and Todds, but was expected to immediately elicit much higher wilt in the presumed 
susceptibly variety Black Mitcham. 

For the first two seasons, plot management was identical on both areas, allowing for 
some statistical analysis of infestation by variety interaction. After harvest in 1996, we 
decided to fall till the infested area (without any post-harvest propane flaming) in an 
attempt to exacerbate the wilt, which had remained at only moderate levels for all varieties 
in 1995 and 1996. In contrast, the uninfested area was post-harvest propane flamed, but not 
fall tilled, in order to suppress wilt development so that varietal performance could continue 
to be assessed free of wilt. As a result of the non uniform plot management, infestation by 
variety interactions were precluded for 1997 and 1998, and the two areas were treated as two 
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independent trials. (Propane flaming kills V. dahliae in stems, which reduces the MS which 
might later fmd their way into the soil. Tillage tends to incorporate any MS from wilted 
stems directly into the soil, which eventually intensifies wilt (Homer and Dooley, 1996; 
McIntyre and Homer, 1973).) 

Apart from the tillage events in 1996 and 1997, plots and both trial areas were 
managed identically, although not necessarily optimally for the best performance for each 
variety. In 1995 and again in 1997, water stress was shown to be more quickly and severely 
expressed by all varieties except Black Mitcham. After 1995, we attempted to over water to 
prevent such stress. Because the varieties could not be watered individually, this seemed the 
best management alternative. With respect to the performance of Black Mitcham, such over 
watering might accentuate the lodging, could result in some nitrogen leaching, might 
encourage greater root infection by V dahliae (Cappaert et al, 1992), could suppress some 
wilt symptoms, and has an unknown affect on yield comparisons with other varieties. Spring 
stand density was measured as the proportion of plot area covered with mint growth, 
expressed as a percentage. As demonstrated in previous wilt trials (Crowe, 1994), higher V. 
dahliae infestations can affect the survival of mint rhizomes over the winter, and this effect 
was measured in 1998. 

Individual wilt loci were flagged as symptoms appeared during the season, and where 
they could be distinguished. While the number of flags remained low (i.e. less than 50 per 
200 ft2 plot area, or 0.25/f12), most flagged locations represented either new systemic 
invasions from root infections or systemic carryover of rhizome infections from the previous 
year. Where such strikes developed closer than 1 ft, they could no longer be distinguished, 
such that the number of strikes becomes increasingly under estimated. The upper limit on the 
number of strikes for these 200 ft2 plots is around 200 strikes per plot (i.e., 1.0/ft2), but under 
estimation probably increased rapidly as strikes exceeded 100 per plot (0.5/ft2). Nevertheless, 
without clear estimates of under estimation, numbers were compared statistically as if no 
under estimation was present. 

Harvest in each year was during the first week of August. Subsamples from each plot 
were collected, air-dried in gunnysacks, and distilled in mini stills as per Hughes (1952). Oil 
from each plot sample was provided to oil-buying companies for oil component analysis. 

In both 1997 and 1998, soil was collected from plots in the late summer, air-dried for 
one month to eliminate ephemeral conidial spores and hyphae of V. dahliae (Butterfield and 
DeVay, 1977), then assayed (Harris et al., 1993). Briefly, two 20-soil-core sub samples per 
plot were collected to 15 cm depth, and then mixed well. Following air drying, sub samples 
were passed through a grinder to pulverize the soil, and rocks larger than 1 cm were removed. 
From each subsample, 25 g soil were shaken and dispersed in water (containing a small 
amount of detergent) for 1 hr, then passed by wet sieving though 60- and 400-mesh screens to 
reduce soil volume and many competitive organisms. Residue remaining on the 400-mesh 
screen was re-suspended with continuous agitation in 100 ml H2O, and 2 ml of this 
suspension was spread evenly onto a modified pectate agar semi-selective growth medium in 
a Petri plate, ten plates per subsample. Thus, residue from 2 g of soil was plated per original 
subsample. Plates were observed after 2 wk growth at room temperature. Colonies 
distinctive of V. dahliae were counted and data was expressed as the number of CFU (colony 
forming units) per g soil per plot, after averaging of the two subsamples. CFU presumably 
represent microsclerotia or aggregates of microsclerotia that have not fully disassociated from 
decaying stem pieces. 
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Data were analyzed by analysis of variance (ANOVA) using SAS version 6.12, Proc 
CLM (SAS Inst., Cary, NC). Means were separated by Fisher's protected least significant 
difference (LSD) test. 

Results 

Treatment means for spring plant stand, late summer lodging, cumulative seasonal wilt 
disease incidence, fresh hay weight and oil yield are shown in Table 1 for the infested and 
uninfested trials in 1998. Data from 1995 through 1997 is available in earlier reports, but in 
general most data were similar among varieties except for lodging (Black Mitcham was 
greater) in each year, and for wilt incidence in 1997 where Black Mitcham manifest 
substantially more wilt than other varieties in uninfested plots. As these differences are again 
reflected in 1998, the earlier data is not included here. In 1998, wilt continued to be nearly 
absent from uninfested plots, in spite of the close (30 ft) distance to nearby infested plots. 
Fall 1997 tillage of infested plots resulted in slight delay (one week) in growth of infested 
plots in comparison to uninfested plots. This delay is reflected in the lower level of lodging in 
infested plots than infested plots, and was probably reflected in yield, also. As in other years, 
Black Mitcham lodged more extensively than other varieties. 

Infested Trial: In 1995 and 1996, in-season wilt incidence was moderate and 
comparable among all varieties, but the plots had not been tilled since the original inoculum 
was incorporated in the fall of 1994. Following fall tillage in 1996, wilt incidence in 1997 
was much greater in Black Mitcham plots than other varieties (Crowe, 1997) and it was worse 
again in 1998 (Table 1). The mean number of wilt strikes recorded in Black Mitcham in 1998 
was 113 per 200 ft2 (0.56/ft2), whereas the mean number of wilt strikes for other varieties was 
roughly 15-60 per 200 ft2 (0.07-0.29412). 

In fact, the wilt was more severe in Black Mitcham than suggested above: We 
previously reported (Crowe,1994) that spring plant stand density could be lowered in some 
years by higher populations of V. dahliae, presumably by weakening the vigor of rhizomes 
infected the previous fall. Following the high incidence of wilt in Black Mitcham in 1997, 
spring stand was severely reduced for this variety (60% ground cover) in 1998 (Table 1), in 
contrast to the other varieties in the trial (91-97% ground cover). When number of wilt 
strikes at harvest was calculated based on spring stand density, Black Mitcham, Murray, 
Todds, Roberts, M83-5 and T84-5 accumulated 0.16, 0.65, 1.89, 0.57, 0.43, 0.48 strikes/112, 
respectively. In this sense, Black Mitcham manifest at least 3-10 times as much in-season 
wilt per unit of spring stand as the other varieties. Because numbers above 1.0 strikes/ft2 are 
underestimated, the relative number of independent systemic wilt strikes would be higher yet 
for Black Mitcham. 

Inoculum density as measured by the CFU/g soil in plots increased disproportionately 
for Black Mitcham in 1997 and 1998 compared to all other varieties (Table 1 shows this data 
for both 1997 and 1998. Data in 1997 was incomplete at the time of the last report, so is 
included here). In the discussion section below, we attribute the dramatic increase in wilt in 
Black Mitcham after tillage primarily to the increase in inoculum density, rather than to any 
inherent differences in varietal susceptibility to infection. 

Based on the very high incidence of wilt in Black Mitcham in the infested area, it was 
anticipated that hay and oil yields would be much lower in 1998 for this variety than are 
shown in Table 1 relative to the other varieties. Surprisingly, yield was lower than other 
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varieties but still was 81% of their average, This probably reflects the high compensative 
growth capacity of mint in general, the high yield capacity for Black Mitcham to compared to 
other varieties, and Black Mitcham's ability to continue to grow yield right up until the time 
much of the stand is dead. Yields were slightly higher in the uninfested trial than in the 
infested trial, but this might reflect maturity rather than disease incidence. Within each trial, 
no statistically significant differences (P 5 0.05) were measured among any of the six 
peppermint varieties. 

A partial list of oil composition appears in Table 2. In the infested trial, except for 
Menthone, no differences were noted among components. Menthone levels were statistically 
lower for Black Mitcham., and higher for Murray, Roberts and T84-5. Menthone for Todds, 
and M83-7 was intermediate. 

Uninfested Trial: Uninfested plots were never tilled since 1994 and were post 
harvest propane flamed to suppress wilt development (Tables 1 and 2). 

Spring stand density was comparable among varieties, but we noticed a decided 
weakness in growth during the summer with M83-7 compared to the other varieties in this 
fourth year of the trial. This weakness carried through much of the season and may account 
for the lower oil yield for M83-7 in the uninfested plots, although hay yield for M83-7 was 
among the high performers Such a growth weakness was not apparent in the tilled, non- 
infested plots of this variety, which yielded as well as other varieties. It may be that M83-7 
requires periodic tillage for rejuvenation. 

As in past years, Black Mitcham yielded less hay but was the highest oil producer in 
1998, followed closely by Roberts, and more distantly by Todds and T84-5, which all were 
inseparable from Black Mitcham in our statistical analysis (P 5 0.05). Murray and M83-7 
yielded less again, and were statistically separable (P 0.05). Murray also yielded less hay 
than all varieties except for Black Mitcham. After several years without tillage, Murray may 
require tillage as discussed above for M83-7. No oil components were statistically separable 
among the varieties in the uninfested plots (Table 2). 

Discussion 

When we originally designed the infested phase of the variety trial for Central Oregon 
and for the Willamette Valley, it was generally accepted that Black Mitcham was inherently 
more susceptible to V. dahliae, based on many years of experience with this variety in 
growers' fields. We assumed that Black Mitcham would manifest perhaps 10 or more times 
as much wilt in the first year or two than the other varieties, based simply on the fact that the 
rate of infestation was expected to elicit a moderate amount of wilt in Todds and Murray. 

In 1995 and 1996 in Central Oregon, and in 1996 in the Willamette Valley, we were 
surprised to find comparable wilt incidence among all varieties. The tillage conducted in 
Central Oregon in the fall of 1996 was done with the intent of worsening the wilt pressure for 
all varieties. Microsclerotia of V dahliae form in the stems of infected plants, and are 
returned to the soil with tillage. Our 1997 and 1998 data clearly indicate that inoculum 
increase was favored following tillage in the Black Mitcham plots compared to other 
varieties. Why this was so we are uncertain. In fact, the steps from ramification of stems to 
formation of inoculum are not well delineated for V dahliae for any crop. 

Our initial uniform infestation of inoculum across all plots, calculated to be about 2.5 
MS/g soil, was reasonably close to our recovered CFU in 1997 and 1998 for all varieties 
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except Black Mitcham. While increases in inoculum for Black Mitcham must require 
formation of new inoculum, it is not clear whether we recovered original or newer inoculum 
from soil in plots planted with other varieties. Given that we tilled twice, readers may be 
concerned why some increase in inoculum was not measured for 1997 and 1998 for varieties 
other than Black Mitcham. In our previous tillage Vs. flaming trial at Powell Butte (Crowe, 
1994; Crowe, 1996), both wilt incidence and soil inoculum increased for the Todds variety 
over several years of annual tillage. Lack of apparent increases in the variety trial, however, 
may be attributable to insufficient years of tillage, seasonal fluctuations in assay efficiency, 
variation in laboratory technique (e.g., two different lab assistants) or other effects with which 
we are not yet experienced enough to understand clearly. We really are only certain that the 
soil assay is consistent within a given sampling date, and that the general area in which the 
trials were located was initially free of recoverable V. dahliae. 

Supporting our conclusions above, Black Mitcham has not shown any greater 
susceptibility to V. dahliae in greenhouse inoculations in central Oregon, using a range of 
mint isolates (See 1998 updated report on verticillium strain comparisons). On the other 
hand, Black Mitcham has manifest greater wilt in a companion trial in the Willamette Valley 
which also was uniformly infested but never tilled. Whether this was due to some regional 
difference in wilt behavior, or whether inoculum produced in stems is fmding its way back 
into soil in other ways (e.g. earthworm and insect activity?) is not clear. Perhaps both 
processes occur: Black Mitcham may be a little more susceptible, and inoculum increases 
also occur if the crop is tilled. 

Our data confirm that Black Mitcham should be tilled as little as possible after wilt 
first is recorded in a field. Further, our data seems to support the concept that if soil 
populations already are quite high, all varieties initially will suffer comparable amounts of 
wilt i.e., Todds, Murray, and others will likely wilt out as rapidly as Black Mitcham. On the 
other hand, some verticillium workers now suggest that microsclerotia may not survive as 
long as once thought (0. Huisman, Univ. Calif. Berkeley, personal communication). If so, 
then continued culture of newer mint varieties may allow soil population of V. dahliae to drop 
to less damaging levels, rather than keeping them high as is likely with Black Mitcham. 
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TABLE 1. Field performance data, Peppermint Variety Trial, OSU-COARC, 1998. 

UNINFESTED       
      1997 1998 
 May 27 Aug 5 Aug 5 Aug 11 Sept 10 Aug Jul 16 

VARIETY STAND LODGING WILT DRY HAY OIL V. dahliae
 (% cover) (%) (strikes/200 ft2) (lb/A) (Ib/A) (cfu/g soil) c

Murray 94 52 Ca 0.2 B 8643 AB 43.3 C 0 A 0 
Todds 96 67 BC 0 B 10514 A 48.8 ABC 0.1 AB 0.02 
Black Mitcham 94 96 A 1.7 A 7747 B 58.6 A 0.2 A 0 
Roberts 94 80 AB 0 B 8481 AB 55.4 AB 0.1 AB 0.02 
M83-7 91 64 BC 0.2 B 10133 A 37.4 C 0.1 AB 0.02 
T84-5 97 49 C 0.2 B 10331 A 45.0 ABC 0 B 0 

P-valueb 0.1579 0.0101 0.0055 0.0395 0.0395 0.0548 0.8596 

Variety 0.3478 0.0062 0.0046 0.0598 0.0740 0.0368 0.8580 
Block 0.0801 0.1391 0.0612 0.0649 0.0494 0.2471 0.6098  

VERTICILLIUM DAHLIAE INFESTED
VARIETY 

May 27 
STAND 
(% cover) 

Aug 5 
LODGING 

(%) 

Aug 5 
WILT 

(strikes/200 ft2)

Aug 11 
DRY HAY 

(lb/A)

Sept 10 
OIL 

(Ib/A) 

1997 1998 
Aug Jul 16 

V. dahliae 
(cfu/g soil) 

Murray 94 A 6 C 14.7 C 6476 44.0 4.3 B 2.0 B 
Todds 91 A 27 BC 59.2 B 6406 46.8 3.5 B 3.2 B 
Black Mitcham 60 B 77 A 113 A 4528 38.4 19.6 A 9.5 A 
Roberts 88 A 34 B 50.0 B 7016 52.9 5.1 B 3.9 B 
M83-7 92 A 12 BC 40.5 BC 6402 46.5 4.3 B 2.4 B 
T84-5 92 A 10 BC 43.7 BC 6628 47.2 5.6 B 3.0 B 

P-valueb 0.0001 0.0008 0.0002 0.0514 0.7251 0.0001 0.0013 

Variety 0.0001 0.0003 0.0001 0.1227. 0.5126 0.0001 0.0114 
Block 0.1008 0.2303 0.0205 0.0422 0.8971 0.0107 0.0011  

'Means followed by the same letter are not significantly different at P 5.. 0.05 according to Fisher's protected least significant difference test. 
bProbability of obtaining F  0.os• 
eColony-forming-units per gram of dried soil. 



 
TABLE 2. Oil character data, Peppermint Variety Trial, OSU-COARC 1998.

UNINFESTED 
OIL COMPONENT (% A) 

VARIETY HEADS MENTHONE MF MENTHOL ESTER PULEGONE 
Murray 10.4 18.6 4.56 39.5 5.39 1.56 

Todds 9.57 18.6 6.02 38.9 5.41 1.93
Black Mitcham 10.2 16.4 7.05 39.7 5.29 1.97
Roberts 10.8 17.8 5.59 38.8 5.30 1.54
M83-7 9.50 17.6 5.62 39.2 6.03 1.84
T84-5 9.47 20.0 5.99 37.5 5.64 1.87  
P-valueb 0.1445 0.0846 0.2725 0.4046 0.4170 0.4176 
Variety 0.0924 0.2191 0.1184 0.6389 0.7485 0.3899
Block 0.4053 0.0492 0.8978 0.1844 0.1521 0.3998  

VERTICILLIUM DAHLIAE INFESTED
  OIL COMPONENT (% A) 

VARIETY HEADS MENTHONE MF MENTHOL ESTER PULEGONE
Murray 9.93 18.7 AB' 3.17 37.8 6.18 0.39 

Todds 8.21 17.7 BC 3.06 38.1 7.89 0.64
Black Mitcham 8.13 16.1 C 3.69 41.1 7.08 0.94
Roberts 8.74 20.6 A 3.39 39.0 5.83 0.85
M83-7 10.7 17.5 BC 3.92 36.8 6.36 0.62
T84-5 10.3 19.9 A 4.15 37.9 6.34 0.73  
P-valueb 0.2435 0.0058 0.4166 0.4592 0.3373 0.8967 

Variety 0.8887 0.0029 0.2173 0.2856 0.4136 0.8012
Block 0.0607 0.1922 0.9488 0.6814 0.2211 0.8040  

'Means followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant difference test. 
bProbability of obtaining F 0.05. 


