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OCCUR ON MINT, AND DO MICROSCLEROTIA OF MINT ISOLATES 
FORM IN SYMPTOMLESS BUT INFECTED STEMS OF MINT AND NON- 

MINT PLANTS?' 
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Abstract 1996 

In the spring of 1996, four out of four mint isolates of Verticillium dahliae were found pathogenic on 
strawberries in a field planting following inoculation. In 1995, five of six strawberry isolates were 
found non-pathogenic to mint; the 6th isolate rapidly killed only one of two mint varieties. Does 
this indicate that variety-specific strains of V. dahliae exist? Following upon field observations of 
greater wilt in some other crops planted after beans (considered a non-host), it was observed in 
California in 1996 that V. dahliae pathogenic to certain other crops systemically infected certain 
bean species while causing nearly unmeasurable disease on the beans — i.e. these infections would 
be considered symptomless to the casual observer. Nevertheless, the V. dahliae formed 
microsclerotia in bean stems when the stems naturally senesced, which suggests that extensive 
reproduction of V. dahliae may not require noticeable wilt symptoms in plants not previously 
considered susceptible hosts. Does this happen with mint isolate on crops and/or weeds normally 
associated with mint rotations — for example red clover, which in rotation with mint has been 
implicated in worsening mint wilt? These and related questions are the subject of this investigation, 
but in 1996 the primary progress toward formally addressing these issues was to establish a broad- 
based collection of isolates of V. dahliae from mint and other crops. 

Introduction 
Verticillium dahliae is distributed worldwide,
causing a rapidly developing wilt on many
different types of plants including vegetables,
woody and herbaceous ornamentals, forest trees,
mint, hops, etc. A related pathogen, V. albo-
atrum, also causes a similar wilt disease on some
crops, and in much of the older literature some of
what is now labeled V. dahliae was then
described as V. albo-atrum. [In general, unless
otherwise noted, for all citations listed below in
which V. albo-atrum is listed, V. dahliae would 
be the current nomenclature.] On potato, both
fungal species cause a disease known as "early
dying", a somewhat slower and less severe form
of wilt on other crops. V. dahliae is widely 
distributed in the western United States, including
California, Oregon, Washington, Idaho and
Nevada. V. dahliae isolates aggressive against
mint have been widespread in Oregon mint and
throughout the United States. In some crops,
verticillium wilt can be managed by combining
chemical and cultural methods including preplant
fumigation or soil solarization. For some crops in
which fumigation is not economically feasible or
effective, resistant or tolerant cultivars are 

available. Suitable crop rotations may be
practiced in some cases. Methods such as 
fumigation and crop rotation are more effective 
where crops are high valued, where crops are not 
perennial (or at least are not grown perennially), 
where higher populations of V. dahliae are 
required for commercially-unacceptable disease 
loss (e.g. potato), and/or where at least some level 
of tolerance or resistance has been selected and 
utilized 

Microsclerotia (MS) of V. dahliae 
survive long periods of desiccation or absence of 
crop. Most MS seem to be produced in the stems 
of systemically infected plants after stem death 
(Gerik & Huisman 1985, Green 1980). Even if it 
does not cause symptoms, V. dahliae may invade 
systemically and distribute itself through the 
infected plant (Homer 1954, Lacy & Homer 
1966). Grains such as barley, corn, sorghum, and 
wheat seem relatively immune to systemic 
invasion (Benson & Ashworth 1967), and thus 
may be the best rotational crops with respect to 
encouraging the decline in field infestation. 

One of the questions addressed below is 
"Does the plant need to have been diseased by V. 
dahliae systemic infection in order for the fungus 

1 In 1996, this research was supported by a grant of $18,226 from the Oregon Mint Commission and 
the Mint Industry Research Council. These funds will support research through 1997. 
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to reproduce in stems?" Where the rotation crops
are also susceptible to the same forms of V. 
dahliae (e.g. cotton, pistachio, olive, tomato,
etc.), MS may build up on each host and these
may be poor choices as rotational crops with each
other. On the other hand, it is less certain
whether MS increases in rotation crops that might
become systemically infected but that do not
become diseased For example, neither alfalfa
nor red clover seems to be affected by isolates of 
V. dahliae that incite wilt on mint. It has been
observed that wilt does not worsen when mint
follows alfalfa, but it does worsen where mint
follows red clover (C.E. Homer, personal
communication). These and other examples are
not well documented, but the red clover
observation suggests that numbers of MS of mint-
aggressive isolates in the soil may be higher
following red clover. Part of our investigation is
to survey the potential for non-host crops to allow
buildup of inoculum. 

Strain specificity is a term used in the
mint industry with respect to V dahliae. For 
example, forms of the fungus may be recovered
from mint or potatoes that prove aggressive on
potatoes but that seem typically benign when they
infect mint, and these are termed strains to
indicate host specificity. Strains also may
designated that preferentially attack certain
varieties or cultivars within a species, such as in
cotton or tomatoes. Whether this is true for
mint is another object of this investigation. If
forms of 
V. dahliae were found that differ greatly in their
ability to incite disease among various mint
species and varieties, evaluation of new mint
varieties for crop resistance to V. dahliae would 
need to be done against the range of forms of V. 
dahliae that those mints will encounter in
commercial fields. For any given naturally
infested field, the set of isolates encountered may
not well represent the capabilities of the total set
of isolates across a region or state. When one or a
narrow number of isolates is chosen for
greenhouse testing or for artificial infestation of
soil (so effects can be studied against a uniform
background of inoculum), it is imperative that the
isolates used represent the range of capabilities of
the full populations of isolates. 

Strain specificity may not be genetically
stable, potentially shifting in plant preference
(Fordyce & Green 1963, Green 1977). However,
most scientists consider strains of V. dahliae, 
where they exist, relatively stable. The situation

et al 1995, "V. dahliae generally lacks host 
specificity and, thus, genetically stable races that 
attack only certain cultivars or varieties within a 
crop are not reported, with the exception of 
tomato (Baergen et al. 1993). From ecological, 
disease management, and taxonomic perspectives, 
the potential pathogenic specialization, or lack 
thereof, within V. dahliae is an important 
consideration. For example, the choice of crops 
for rotation is primarily dependent on the host 
range of the isolates in the region. The absence 
of information on the relative susceptibilities of 
crops in the region makes choice of rotation 
difficult" (Subbarao et al. 1995). 

Objectives: 
1. Determine the pathogenicity on various mint 
species and varieties of common local mint 
isolates of V. dahliae collected from several 
states. 

2. Determine the pathogenicity of isolates from 
objective 1 on a selected range of alternate host 
plants, and determine whether V. dahliae grows 
symptomatically and asymptomatically in these 
alternate host plants. Include red clover, alfalfa, 
potato, strawberry, etc. 

3. Evaluate MS production in both diseased and 
non-diseased plants from Objective 2. Evaluate 
living, senescent tissue and senescent tissue plus 
soil after burial of plant in soil. 

4. Inventory the above isolates for possible 
further evaluation into vegetative compatibility 
groups (VCG) by D. Johnson at Washington State 
University. 

5. Determine how long mint stems take to decay 
and release MS into the soil. (Carried over from 
previously funded-but-unfinished objective in wilt 
inoculum density vs. disease incidence vs. 
flame/till trial at Powell Butte). 

Methods 
1. Collect 40 isolates of V dahliae, 10 from each 
of 'Black Mitcham', 'Murray' and 'Todds' and 
Scotch spearmint distributed among both western 
and mid-western states. Test the pathogenicity of 
each against the same set of mints using root dip 
inoculation from conidial spore suspensions. A 
cross-section of V. dahliae isolates pathogenic to 
other crop species will be included 
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2. Grow plants for inoculation using several mint 
varieties, potato, red clover, alfalfa, strawberry, 
and several others to be determined. Inoculate 
these the same way as the mint above and assess 
pathogenic responses including plant height, leaf 
number, root dry weight, shoot dry weight, wilt 
severity, and root discoloration. Determine 
whether V. dahliae can be recovered from stems. 

3. Observe mint and non-mint plants above for
formation of MS in stems. Assess this while
plants appear healthy, after symptoms (if any)
develop, as plants senesce (this may need to be
facilitated by withholding water or other means),
after senescence is complete, and after plants
have been placed into soil for several weeks or
months. The soil used will be initially free of
recoverable MS, and may include natural soil
and/or potting media. Recover V. dahliae from 
stems and reassess pathogenicity on mint. 

4. Isolates used will be placed into sterile soil in
test tubes, and stored under refrigeration for use
in other investigations. 

5. As an extension of Objective 3, wilted stems
will be placed into potted and field soil, or left on
the soil surface. Stems will be periodically
recovered and visually inspected under the
microscope to determine when MS is released
from stem tissues. 

Results from 1996 
Preliminary data are mentioned in the summary
for strawberries, but routine infection of other
plants has not been formally undertaken yet.
Collection of preliminary data mentioned above
on beans by T. Gordon is progressing
independently of the mint investigation, but
cooperative work may be structured, if possible. 

In 1996, our primary accomplishment
was to establish a broad collection of V. dahliae
isolates. Wilted mint stems were collected in or
received from Oregon [central Oregon, the
Willamette Valley, La Grande], Washington,
Idaho, Montana, and Indiana. Approximately 38
isolates have been catalogued a this time, and a
few additional collections will be made during
1997. Most isolates were from peppermint, a few
from spearmint Some non-mint isolates have 
been received, but over the winter of 1996-97, 
additional isolates will be gathered from
cooperators working with potato, alfalfa,  

strawberry, cauliflower, cotton, and perhaps other 
crops susceptible to V. dahliae. Experimentation 
will begin early in 1997. 

Much experimentation will be conducted 
under light banks or in the greenhouse at 
COARC-Powell Butte. For certain plants such as 
strawberry, the normal course for wilt 
development only really occurs with field 
planting. Strawberry plants are inoculated, then 
placed into field plots in the fall, with wilt onset 
in the following spring or summer. MS may take 
some time to form in stems, and stems of mint 
and other crop plants buried in soil may also take 
some time to decay. This type of activity may 
delay completion of the entire study beyond 1997. 

Discussion 
Very limited preliminary data mentioned above 
together with common experience (e.g. with 
potatoes rotated with mint) suggests that strain 
variability exists with respect to pathogenicity of 
V. dahliae on mint and other crops. Data is 
suggestive that varietal specialisation could exist 
among some V dahliae isolates that have the 
ability to wilt mint, but whether this is common 
and true for most isolates found in mint regions 
remains to be determined. Preliminary data — 
that relatively non-susceptible beans allow 
increase in soil inoculum of V. dahliae in 
California when used in rotation with crops 
highly susceptible to wilt -- remains to be 
confirmed, but provides further impetus for 
following through with comparable investigations 
with mint. 
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