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ABSTRACT

Five isolates each of Fusarium culmorum and F. anthophilum obtained from forest
nurseries in the Inland Pacific Northwest were tested for pathogenicity on young
Douglas-fir germinants under controlled laboratory conditions. Although sample sizes
were small, all tested isolates were pathogenic and all but one highly virulent in lab tests.
Both Fusarium species have not been previously recognized as important forest nursery
pathogens, but apparently have potential to cause diseases on conifer seedlings. Further
tests screening more isolates from diverse nurseries and follow-up greenhouse tests are
warranted.

INTRODUCTION
They are also isolated from nursery soil
and containers used to grow seedlings in
greenhouses. Some species have been
isolated more frequently than others, and
not all species are considered pathogens
of nursery seedlings.

Fungal species in the genus Fusarium
are routinely associated with diseased
host plants in forest nurseries. These
fungi are often isolated from diseased,
seedlings, especially those with root
disease, as well as seedlings without
disease symptoms (James et al. 1991).

Many Fusarium species are associated
with important diseases of agricultural
crops. These are often the same species
isolated from seedlings in forest
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nursenes and some may have entered
nurseries from surrounding agricultural
areas (Bruehl 1989). Because forest
nurseries are essentially agricultural
operations, it is not surprising to find
agricultural pests causing problems in
these nurseries.

Isolating microorganisms from diseased
hosts is the first step in proving that such
organisms are causing disease. However,
to confirm this, Koch's Postulates
(Agrios 1969) must be completed. These
procedures were initially developed to
confirm etiology of microorganisms on
animals. They were adapted for plant
diseases and require that isolated
organisms cause the original disease
symptoms when inoculated onto healthy
plants. Reisolation of inoculated isolates
confirms pathogenicity and thus
completes Koch's Postulates. Because
Fusarium spp. are routinely isolated
from nursery seedlings, their ability to
cause disease has often been taken for
granted. However, there is wide
diversity within this genus and even
within individual species in their ability
to cause disease (James et al. 1988,
1991). Previous tests have shown that
some isolates are inherently pathogenic
whereas others are either strictly
saprophytic or only weakly virulent
under conditions of host stress (James
2000; James and Perez 1999, 2000;
James et al. 1986, 1988, 1997, 2000).
Therefore, care must be taken in
categorizing all Fusarium as "patho-
gens" in forest nurseries. In most cases,
many individual isolates in the nursery
population are not pathogens.

Techniques have been developed to
quantify virulence of Fusarium isolates
under controlled laboratory conditions
(James 1996). These have previously

been applied to five Fusarium spp.: F.
oxysporum Schlecht., F. proliferatum
(Matsushima) Nirenberg, F. solani
(Mart.) Apple Sc Wollenw., F.
acuminatum Ell. & Ev., and F.
sporotrichioides Sherb. (James 2000;
James and Perez 1999, 2000; James et
al. 1997, 2000). Based on these tests, the
most virulent isolates were within F.
proliferatum, followed by F. oxysporum
and F. solani. Tested isolates of F.
acuminatum and F. sporotrichioides
were mostly nonpathogenic.

Several other Fusarium species isolated
from forest nursery seedlings have not
been tested for pathogenicity. This report
describes tests on two of these species:
F. culmorum (W.G. Smith) Sacco and F.
anthophilum (A. Braun) Wollenw.
Compared to several other Fusarium
species, F. culmorum and F. antho-
philum are isolated infrequently in forest
nurseries.

MATERIALS AND METHODS

The technique outlined by James (1996)
was used in this investigation. The basic
approach was to expose young Douglas-
fir (Pseudotsuga menziesii var. glauca
[Beissn.] Franco) seedlings to test fungal
isolates and record production of disease
symptoms. Because of past success
(James and Gilligan 1984; James et al.
1988, 1989b), cornmeal-perlite inoculum
was used for all tests; this inoculum was
prepared using the procedures of Miles
and Wi1coxin (1984). Perlite, an inert,
inorganic, siliceous rock of volcanic
origin commonly used in potting
mixtures, was the matrix for fungal
growth. 150 g of yellow cornmeal was
moistened with 300 ml warm 1% potato
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dextrose agar (PDA), to which 75 g of
perlite were added. The mixture was
placed into glass vials to about 2/3
capacity which were then autoclaved for
60 min. at 121°C. After cooling, vials
were inoculated with about 10 m1 spore
suspension of the test fungus (produced
by adding sterile, distilled water to 14-
day-old cultures grown on PDA). Vial
caps were left loose to allow aeration.
Vials were incubated in the dark for at
least 21 days, after which the fungus had
thoroughly colonized the perlite
/cornmeal mixture. After incubation,
inoculum was removed from vials and
dried in open petri plates within a
cabinet. Inoculum dried within 5-7 days
and did not become contaminated with
other organisms because the food base
was completely colonized by the
inoculated fungus. Once dry, inoculum
was stored in sterile, plastic vials and
refrigerated until needed.

Each test involved exposing 24 seedlings
to specific fungal isolates within 23-ml
vials. Each vial was filled to about 2/3
capacity (2.5 g) with dried coconut-
vermiculite (coir) media (Grace/Sierra
Horticultural Products, Milpitas, CA)
and autoclaved at 121°C for 60 min. Vial
lids were replaced loosely before
sterilization. One high germination
Douglas-fir seedlot was used for all tests
(designated Flat Creek 78-10, Moscow
Mountain - courtesy of the University of
Idaho Research Nursery). Seeds were
soaked in a 2-part bleach and 3-part
water solution for 10 min. (Wenny and
Dumroese 1987), rinsed 48 hrs. in
running tap water, and stratified 21 days
at 2-3°C. After stratification, seeds were
placed on filter paper moistened with
sterile water in petri plates. Seeds were
incubated under 12-hr. diurnal
fluorescent light cycles at about 24°C

and monitored daily for germination.
Seeds were considered germinated when
their primary root was at least 3 mm
long.

Fungal inoculum (colonized perlite
/cornmeal) was ground to fine powder
with mortar and pestle. Exactly 0.05 g of
the powder was added to each vial
containing dried media. This resulted in
an approximately 1:50 w/w mixture of
inoculum to media. Controls consisted of
exposing 24 seedlings to non-inoculated
perlite within vials; they were evaluated
like seedlings inoculated with fungal
isolates.

Vials containing inoculated seedlings
were incubated at about 24°C within an
incubator that provided fluorescent light
for 12 hours daily. Tests ran a maximum
of 14 days. Three days after inoculation,
seedlings were first checked for disease
symptoms. During this inspection,
seedling roots were reoriented down-
ward into the medium, if necessary.
Seedlings were then checked for disease
symptoms daily until the end of the test.
Standard post-emergence damping-off
was the most common disease symptom.
In some cases, root decay occurred
below the ground line without visible
mycelial production. After 14 days,
surviving seedlings (without noticeable
disease symptoms) were examined to
determine if their roots had grown to the
bottom of the inoculation vial; their roots
were also examined for decay and/or
necrotic lesions. Roots from all
inoculated seedlings were washed,
surface sterilized in 10% bleach (0.525%
aqueous sodium hypochlorite) and
incubated on a selective agar medium for
Fusarium (Komada 1975) to determine
if they were infected by the inoculated
isolate.

3



A numerical test score was assigned to
each inoculated seedling based on
duration of seedling survival (without
disease symptoms) within inoculated
vials, occurrence and type of disease,
reisolation of inoculated fungal isolate,
and primary root growth within the vial
(James 1996). The maximum score
possible (all seedlings killed within 3
days by the test isolate) was 100; the
minimum (all seedlings not infected
within 14 days) was zero. The average
rating for all seedlings tested for. a
particular isolate was used to compare
isolates. Virulence ratings were assigned

based on average test scores: non-
pathogenic = below 40; low virulence =
41-60; moderate virulence = 61-80; high
virulence = above 80.

Five different F. culmorum isolates were
evaluated (table 1). They were from
diseased or healthy-appearing container-
grown Douglas- fir seedlings, forest
nursery soil, or a styroblock container
used to grow seedlings in greenhouses at
a north Idaho nursery. All five tested F.
anthophilum isolates were from diseased
Douglas- fir germinants being grown in a
container nursery.

Table 1. Characteristics of Fusarium culmorum isolates evaluated for virulence on young
Douglas-fir germinants.

I ic~.. Isolate it. ' ~i'\!; :!pi'''' Host i' ' Host Conditiol:l)~r~:' tiN Nursery TYPe '<. ~
9202P Styroblock Container Not Applicable Container
9217B Douglas-fir Diseased Container
92171 Douglas-fir Diseased Container
9245D Soil Not Applicable Bareroot
9257H Douglas-fir Healthy Container

RESULTS

All tested F. culmorum isolates were
pathogenic to young Douglas-fir ger-
minants; 4 of the 5 tested isolates
exhibited high levels of virulence (table
2). Likewise, all tested F. anthophilum
isolates were pathogenic and all were

highly virulent on young Douglas-fir
germinants (table 3).

Examination of radic1es of recently-
inoculated Douglas- fir germinants in-
dicated that both F. culmorum (figure 1)
and F. anthophilum (figure 2) readily
colonized young, succulent tissues. After
colonization, tissue decay resulted and
germinants quickly died.
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Table 2. Virulence of selected Fusarium culmorum isolates on young Douglas-fir
genninants.

Isolate' Percent Percent Percent Wet Average Average Virulence
Diseased' Damped-off Rof Survival" Scores

9202P 95.8 87.5 8.3 4.7 87.7 [High]
9217B 86.9 60.9 26.1 11.3 47.4 [Low]
92171 100.0 58.3 41.7 6.5 79.8 [High]
9245D 87.5 79.2 8.3 6.0 81.7 [High]
9257H 100.0 79.2 20.8 4.0 92.7 rHighl
Control 20.8 4.2 16.7 13.9 11.9[Non]

1 See table 1 for isolate characteristics.
2 After 14 days of exposure to inoculum.
3 Seed radicle was decayed although seedling remained upright.
4 Days of survival while being exposed to inoculum.
5 Ranges from 0 - 100; 80-100: high; 60-80: moderate; 40-60: low; below 40: non-pathogenic.

Table 3. Virulence of selected Fusarium anthophilum isolates on young Douglas-fir
genninants.

Isolate' Percent
e

Percent PercentWef Average Average. Virulence
Diseased/ Damped-off Rof Survival" Scores

9244A 100.0 58.3 41.7 6.5 80.2 [High]
9244B· 100.0 37.5 62.5 6.3 80.4 l1Iighl
9244C 100.0 66.7 33.3 6.3 82.1 [High]
9244F 100.0 87.5 12.5 5.2 88.5 [High]
9244G 100.0 70.8 29.2 5.6 85.6 [High]
Control 20.8 4.2 16.7 13.9 11.9[Nonl

1 All isolates from diseased Douglas-fir seedhngs m a container nursery.
2 After 14 days of exposure to inoculum.
3 Seed radicle was decayed although seedling remained upright.
4 Days of survival (out of a maximum of 14) while being exposed to inoculum.
5 Ranges from 0 - 100; 80-100: high; 60-80: moderate; 40-60: low; below 40: non-pathogenic.
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Figure 1. Fusarium culmorum .infecting the radicle of a young Douglas-fir genninant in
pathogenicity tests under controlled, laboratory conditions.

Figure 2. Fusarium anthophilum infecting the radicle of a young Douglas-fir genninant
in pathogenicity tests under controlled, laboratory conditions.
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DISCUSSION

Several different Fusarium spp. have
routinely been isolated within forest
nurseries in the Inland Pacific Northwest
(James et al. 1989a; 1991). Some are
commonly encountered whereas others
are rare. Fusarium culmorum and F,
anthophilum are in the latter category
and have been isolated from root
diseased and healthy-appearing seed-
lings, nursery soil, and styroblock
containers used to grow seedlings in
greenhouses. Because of their infrequent
occurrence, it is unknown what, if any,
role they might play in disease etiology
on nursery seedlings. Techniques have
been developed to quickly determine
potential of specific Fusarium isolates to
cause disease on young Douglas- fir
germinants (James 1996). If isolates are
capable of causing post-emergence
damping-off under controlled, laboratory
conditions, they probably have potential
as pathogens under normal nursery
conditions (James et al. 1986, 1997,
2000). At the very least, they warrant
further evaluation such as in greenhouse
inoculation trials (James et al. 1989b,
2000).

The 10 isolates evaluated in this study
(five each of F. culmorum and F.
anthophilum) were highly virulent, with
one exception, in laboratory inoculation
tests. This is in contrast with previous
tests of some other Fusarium species,
such as F. acuminatum and F.
sporotrichioides, which indicated that
many isolates were either non-
pathogenic or exhibited low virulence
(James 2000; James and Perez 1999).

Tests evaluating more commonly-
encountered species, such as F.
oxysporum, F. proliferatum, and F.
solani indicated that highly-virulent
isolates of these species may be more
common (James and Perez 2000; James
et al. 1997, 2000). The small number of
F. culmorum and F. anthophilum
isolates tested precludes definitive
conclusions regarding the overall
potential of these species as pathogens in
forest nurseries.

Fusarium culmorum is best known as an
important agricultural pathogen, part-
icularly on cereals, other grasses, and
alfalfa (Bonish and Di Menna 1993;
Burgess et al. 1975; Carter et al. 2000;
Couch and Bedford 1966; Liu et al.
1997; Miedaner et al. 1996). It is an
important component of the Fusarium
head blight syndrome on wheat, barley,
and other cereals (Chelkowski et al.
2000; Golinski et al. 2002; Miedaner and
Lreinbrecht 2001; Siranidou et al. 2002;
Stack and McMullen 1985; Tan and
Niessen 2003). In addition, it has been
commonly associated with cereal
seedling damping-off and root diseases
(Elliott et al. 1969; Gonzalez and
Treyathan 2000; Gordon and Sprague
1941; Graham et al. 1979; Hancock
1983, 1985; Oswald 1949). A major
reason for importance of F. culmorum
on these crops is its ability to produce
powerful trichothecene toxins which aid
in pathogenicity (Liu et al. 1997;
Mesterhazy 2002; Miedaner et al. 1997)
and are of concern because of their
extreme toxicity at low concentrations to
animals and humans (Desjardins et al.
1993; Gang et al. 1998; Hestbjerg et al.
2002; Kang and Buchenauer 2000,
2002). There are only a few records of F.
culmorum in forest nurseries (Asiegbu et
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al. 1999; Hoefnage1s and Linderman
1999; James et al. 1989a, 1990; Warcup
1951); most of these do not consider this
fungus to be an important cause of
seedling diseases (James et al. 1989a,
1990). However, based on the results of
this investigation, potential importance
of F. culmorum in forest nurseries may
require reas-sessment.

Because of its high prevalence in
pastures, grasses, and wheat fields, it is
possible that F. culmorum invaded forest
nurseries from nearby agricultural lands
(Bruehl 1989). The fungus is very well
adapted to survival in soil (Burgess
1981; Burgess and Summerell 1992;
Larsen et al. 1998) and may occur at
relatively high populations, especially
near the soil surface. Fusarium
culmorum produces both macroconidia
and chlamydospores (James et al. 1989a;
Nelson et al. 1983; Smither-Kopperl et
al. 1998); macroconidia are disseminated
fairly long distances, both vertically and
horizontally, by rain splash (Horberg
2002; Jenkinson and Parry 1994b;
Miedaner and Lreinbrecht 2001).
Therefore, if the fungus becomes well
established in soil, inoculum is readily
available for infection of seedling crops.

In contrast to F. culmorum, little is
known about F. anthophilum. It was
once reported on Douglas- fir and
ponderosa pine seeds (Lori and Salerno
2002), but little is known about its
potential as a forest nursery or agri-
cultural pest. This may partly be due to
problems of taxonomy. Fusarium
anthophilum was placed within the
Fusarium section Liseola by Nelson et
al. (1983) based on morphological and
microscopic characteristics. The species
lacks chlamydospores and produces
microconidia on monophialides only

within false heads (no microconidial
chains). The major characteristic
separating this taxon from other species
within Liseola is production of oval to
napiform microconidia. This character-
ization may not necessarily have
taxonomic validity, i.e., spore morpho-
logy may be related to natural variability
in culture. Because of this, F.
anthophilum has been incorporated into
other taxa in subsequent treatments of
this section (0' Donnell and Cigelnik
1997; O'Donnell et al. 1998). Therefore,
isolates tested in this study may not
necessarily be taxonomically different
from other more common members of
Liseola, such as F. proliferatum, F.
verticillioides (Sacc.). Nirenberg (= F.
moniliforme Sheldon), or F.
subglutinans (Wollenw. & Reinking)
Nelson, Toussoun & Marasas. Previous
pathogenicity tests of F. proliferatum
isolates found that most isolates were
highly virulent on Douglas-fir ger-
minants (James et al. 1995, 1997),
similar to what was found in this study
for isolates designated as F.
anthophilum. Therefore, it is possible
that most Fusarium isolates within
section Liseola have relatively high
potential to cause important diseases on
seedlings in forest nurseries. Additional
work is needed to confirm this
hypothesis.

Results of this study provided the basis
for further investigations into the relative
importance of F. culmorum and F.
anthophilum as pathogens of forest
nursery seedlings. These fungi may be
more common in nurseries than
previously thought. Recently,' poly-
merase chain reaction (PCR)
amplifications have been successful in
quantifying F. culmorum within
symptomatic and non-symptomatic host
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plants (Simpson et al. 2001). Since F.
culmorum is morphologically and
genetically very stable (Booth 1975;
Miedaner and Schilling. 1996), probes
developed on other cropping systems
should be useful in detecting the species
within forest nursery seedlings. If F.
culmorum is relatively common in forest
nurseries, it will be of increased concern
because of its aggressiveness as a
pathogen on agricultural hosts (Jenkin-
son and Parry 1994a; Miedaner and
Schilling 1996; Miedaner et al. 2001;
Siranidou et al. 2002; Teperi et al. 19~8)
and its apparent potential for causing
forest seedling diseases.
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