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EFFECTS OF RADIO FREQUENCY WAVES ON FUNGAL COLONIZATION
OF STYROBLOCK CONTAINERS

R.L. James and Andy Trent

ABSTRACT

Fungal pathogens tend to accumulate within styroblock containers, which are reused to produce
successive crops of container-grown seedlings. Most nurseries treat reused containers by
immersing them in hot water for varying time periods. The efficacy of radio frequency waves
(RFs) to reduce levels of selected groups of fungi within styroblock containers was evaluated.
RFs were effective only on containers that had been wetted in warm water prior to treatment.
RFs were not effective on dry containers. Fusarium proliferatum was the most commonly
encountered potentially-pathogenic fungus isolated from containers. Seven other species of

• Fusarium and two species of Cylindrocaipon were also isolated from containers. Common
fungal saprophytes on containers included Trichoderma and Penicillium spp. Although wet RF
treatment was as effective as hot water immersion, such treatments may be much more expensive
due to high costs of RF equipment.
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INTRODUCTION

Forest seedling nurseries growing container
seedlings use a variety of containers. One of

• the most popular types of containers are
made of styrofoam. These containers are
typically reused several times to produce
multiple seedling crops. However, they
require sufficient cleaning prior to reuse
because they can harbor potentially-
pathogenic organisms that may cause
important diseases on the new seedling crop
(James et al. 1988; Peterson 1990, 1991;
Sturrock and Dennis 1988). Potential
pathogens reside on residual organic matter

• and within the inner cell walls of styroblock

containers (James 1987, 1989a, 1992; James
and Woollen 1989; James et al. 1988). They
may also colonize residual roots from the
previous seedling crop that remain within
containers after seedlings are extracted
(James et al. 1988; Peterson 1990; Sturrock
and Dennis 1988).

Several approaches to cleaning styroblock
containers have been investigated. Chemical
sterilants, such as sodium hypochlorite
(bleach) (James and Sears 1990) and sodium
metabisulfite (Dumroese et al. 1993), have
produced varying results. Problems with
worker exposure to and disposal of toxic
chemicals limit their desirability (Dumroese
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et al. 1993). Because of these disadvantages,
many nursery growers are looking for
alternative, cost-effective techniques for
container cleaning. Initially, steam treatment
was often used. However, such treatments
often did not adequately reduce potentially-
pathogenic organisms (James 1987, 1990;
James et al. 1988). Therefore, several trials
were conducted to evaluate efficacy of
immersion in hot water for varying lengths
of time. Although time/temperature results
varied among the tested nurseries (James
1992; James and Woollen 1989; Peterson
1990, 1991; Sturrock and Dennis 1988), in
general exposure of styroblock containers to
60-70°C for about 120 sec. was sufficient to
kill most pathogens.

Hot water immersion of large numbers of
containers is time-consuming and may be
quite expensive due to the high energy costs
required to maintain water temperatures for
efficacious treatments (Peterson 1990;
Sturrock and Dennis 1988). Recently, the
USDA Forest Service Missoula Technology
and Development Center began
investigating possible alternative methods
for container treatment. The goal was to
evaluate efficacy of other methods that
might be more time and cost effective.

One alternative method was to use radio
frequency (RF) wave ovens to raise
styroblock temperatures sufficiently to kill
potential pathogens. Industrial RF ovens are
used for baking, curing, and drying many
different types of foods and materials. RF
ovens operate at an electrical frequency of
10-100 MHz. Heating is accomplished by
subjecting the material to be heated to an
alternating electrical field that makes the
molecules inside the material rotate and
move laterally millions of times per second
in an attempt to align with the changing
electric field. This generates heat within the
material in a manner similar to friction. The
ovens can be incorporated into a conveyor
system to mechanize the operation to
minimize handling.

An evaluation was conducted to determine
efficacy of RF treatment on reducing
populations of selected fungi colonizing
styroblock containers from a commercial
forest seedling nursery. The goal was to
determine if such treatment could kill
potentially-pathogenic fungi and thus render
containers relatively safe for reuse from a
disease potential standpoint.

MATERIALS AND METHODS

Ten styroblock containers that had be used
to grow several crops of conifer seedlings
were tested. The containers varied in size,
number of cells and manufacturer (table 1).
A random-number generator was used to
select cells to be sampled; 24 cells were
sampled per container (the same cells –
designated by row and column – were
sampled in each container). Each selected
cell was sampled for fungal colonization
prior to, treatment. Sampling for fungi was
restricted to the bottom of cells at the
drainage hole because this is where the
highest populations of contaminating fungi,
including potential pathogens, tend to
congregate (Dumroese et al. 1995; James
1987, 1989b; James and Gilligan 1988a,
1988b). Two pieces of styrofoam
approximately 2 x 5 mm in size were
aseptically extracted from each sampled cell
and placed on an agar medium selective for
Fusarium and closely-related fungi
(Komada 1975). Plates were incubated for
7-10 days at about 24°C under diurnal cycles
of cool, fluorescent light. Emerging fungi
were identified to genus and selected
isolates were transferred to potato dextrose
agar and carnation leaf agar (Fisher et al.
1982) for species identification. Fusarium
and Cylindrocarpon spp. were identified
using the taxonomy of Nelson et al. (1983)
and Booth (1966), respectively. Styroblock
"infection" was calculated as the percentage
of sampled cells with a particular fungus;
"colonization" was calculated as the
percentage of sampled styrofoam pieces
(two sampled per cell) that were colonized
by a particular fungus.
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Effective removal of potentially-pathogenic
fungi from reused styroblock containers was
achieved at lower temperatures than was
required for hot water immersion by treating
with RF waves following wetting of
containers. Although not all potentially-
pathogenic Fusarium propagules were killed
by the wet RF treatment, sufficient inoculum
was eliminated to greatly reduce the
potential for disease in future seedling crops
utilizing treated containers (James et al.
1988). Apparently, the RF waves heated the
water remaining after wetting containers to
sufficient temperatures to kill fungal
propagules. It is possible that exposure to
RF for a shorter period of time might be just
as effective as the two minute exposure
evaluated in this test. There was no
indication in our tests that the RF waves
themselves were toxic to pathogen
propagules because the dry treatments were
totally ineffective.

The major disadvantage of wet RF
treatments is the cost of equipment required
for such treatments. The oven and conveyor
system required is much more expensive
than existing hot water immersion tank
systems. However, lower energy costs
required for the RF system as compared to
hot water immersion may help offset the
high initial equipment costs. In any event,
our results indicated that wet RF treatments
can provide an suitable alternative to
standard hot water immersion for cleaning
reused styroblock containers.
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