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The interaction of the biocontrol fungus Laetisaria arvalis with the pathogen
Sclerotium rolfsii as competitors for either autoclaved beet or okra seeds in awhite
- quartz sand matrix was examined. Densities of each fungus resulting in 100%
colonization of 10 seeds were determined separately. In competitive colonization
experiments, L. arvalis colonized 80 to 83% of the seeds compared with 17 to 20%
for S. rolfsii, suggesting competition for organic matter as a possible mechanism
for the interaction between these two fungi. © 2003 Oklahoma Academy of Science

INTRODUCTION

Cook and Baker (1983) cite the work by
Hartley (1921) as one of the first attempts at
direct application of biological control
agents (BCA) to control plant pathogens.
Yet, 67 years later, Jutsum (1988) noted that
only 5 % of deliberate releases of BCA had
actually achieved control of the organisms
that they were released to suppress. Most
of these failures have been attributed to
inappropriate formulations and a lack of
understanding of the mode of action and
ecology of the biological control organisms
(Baker, 1986; Deacon, 1991). Formulation
science now considers which propagules are
most efficacious for control and whether
amendments are needed to stimulate the
BCA. Antagonism exterior to the host is
classically divided into three types:
antibiosis, parasitism, and competition
(Baker, 1986).

Laetisaria arvalis Burds., a soilborne
basidiomycete, was first isolated and
identified as a Corticium sp by Odvody et al
(1980). The fungus was later identified as
L. arvalis by Burdsall et al (1980). Odvody
et al (1980) observed hyphal interactions
between L. arvalis and Rhizoctonia solani in
culture and suggested that the mode of
action of L. arvalis was hyperparasitism. We
have shown that L. arvalis reduces the
incidence of southern blight of apple
seedlings caused by Sclerotium rolfsii Sacc.
in the field (Conway 1995; Conway et al
1996). In addition, L. arvalis has been used

to reduce seedling damping - off caused by
Pythium ultimum in sugar beets (Burdsall et
al 1980) and Phoma betae in table beets
(Burdsall et al 1980). Bowers et al (1986)
isolated laetisaric acid from L. arvalis and
suggested that antibiosis was the mode of
action against P. ultimum. However, we
could not confirm either antibiosis or
hyperparasitism as a mode of action using
standard agar-coated microscope slides as
described by Fisher (1984) and cultural
techniques (Bell et al 1982). Therefore, we
initiated this research to evaluate com-
petition for organic matter as a possible
mechanism of the biocontrol activity of L.
arvalis.

MATERIALS and METHODS

Optimum temperature for mycelial growth
of L. arvalis. In order to establish the
parameters of the competitive interaction,
the optimum temperature for mycelial
growth of L. arvalis had to be determined.
Myecelial plugs (0.5 cm diam.) were removed
from the margins of cultures of L. arvalis
actively growing on potato dextrose agar
(PDA) amended with 300 ug/L strep-
tomycin sulfate and were placed in the
center of Petri dishes containing PDA. Ten
cultures were incubated in growth chambers
(12h/12h light/dark, constant temperature
for both light/dark cycles) at each of the
following temperatures: 15, 20, 25, 30, and
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35°C. Colony diameters were measured
every 24 h until growth covered the agar
surface completely. This experiment was
repeated twice with similar results. Data
from all temperatures were analyzed with
an ANOVA. When appropriate, means were
separated with a Student-Newman-Keuls
mean separation test (P <0.05). Regression
analysis was performed to analyze growth
over a 72 h period.

Formulation of L. arvalis. Laetisaria arvalis
strain strain OK-206, obtained from the
Forest Products Laboratory, Madison, WI
62715 (originally isolated by L. Herr as ZH-
1, from soil in Ohio), was used. Inoculum
was prepared by the method described by
Conway et al (1997). The formulation
contained vermiculite (150 g), wheat bran
or corn meal (141 g), sterile water (500 ml)
and 1 wk-old inoculum from six petri dishes
of L. arvalis was grown on PDA and the
mixture was incubated for two weeks at
room temperature. This mixture was dried
overnight and ground to a fine powder in a
Glen Mills grinder (Glen Mills Co.,
Maywood, NJ). Uniform particle size was
achieved by using nested sieves (500 um-,
250 um-apertures). Par-ticles that passed
through the 500 um sieve were collected on
the 250-um-aperture sieve and used in the
experiments. The for-mulation contained
both sclerotia (400-500 um diam.) and
hyphal fragments. and was stored in sterile
glass vials in the refrigerator until used
(approximately one month).

Determination of propagule density in the
formulation of L. arvalis. To estimate the
propagule density in the formulation,
dilutions (0.5%, 0.25%, 0.15%, 0.1%, 0.07%,
and 0.05%) were made with sand (15%
moisture), and a multiple-pellet sampler
(Henis et al 1978) was used to estimate
colony forming units per gram (cfu/g) (Fig.
1). The sampler was calibrated to deliver
15 pellets, each weighing 0.1g, onto an L.
arvalis semiselective medium (Papavizas et
al 1983). The cfu/g of formulation was
determined using a multiple infection
transformation equation:

Ln[ ﬁ] + 15 « correction factor
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where y = proportion of pellets colonized
and the correction factor is the moisture
content and dilution factor (Henis et al 1978).

Formulation of S. rolfsii. Sclerotium rolfsii
strain OK-410, recently isolated from wheat
plots in Stillwater, OK, and known to
produced abundant sclerotia, was used in
this study. Sclerotia were produced on
autoclaved corn seeds (30 g seeds/ 250 ml-
flask, 16% water w/v). Containers were
inoculated with several agar plugs removed
from cultures actively growing on PDA and
incubated 25 - 30 d until sclerotia formed.
Sclerotia were dried on metal trays for 4 d
in a laminar flow hood and separated from
the corn by sieving.

Preparation of substrate for competitive
colonization and inoculum load experi-
ments. Our technique to determine sapro-
phytic ability was modified from that used
by Papavizas et al (1975) for Rhizoctonia
solani in soil. A 2.5 cm layer of white quartz
sand (approximately 910 g) was placed in
an aluminum pan (23 x 13 x 7 cm). Initially,
the organic substrate consisted of either
autoclaved, untreated beetseed balls (beets
produce two to five flowers in dense clusters
and “seeds” consist of two to five seeds held
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Figure 1. Relationship between % concen-
tration of Laetisaria arvalis and the propor-
tion of sail pellets colonized using a multiple
pellet soil sampler. Data points can be con-
verted to colony forming units per gram
(cfu/g) by using the multiple transformation

equation Ln[ ] ¢ 15 - correction factor

1
1-y
where y= proportion of pellets colonized
and the correction factor is the moisture con-

tent and dilution.
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together in a seedball) cultivar (cv) “Detroit
Red”, or untreated, autoclaved okra seed,
cv “Clemson spineless.” All ingredients and
inoculum were thoroughly mixed in re-
sealable polyethylene bags and then added
to the aluminum containers All inoculum
load experiments were repeated twice for
each seed type to ensure that both were
suitable substrates.

Inoculum load determination for com-
petitive experiments. To determine the
amounts of formulation of L. arvalis or
sclerotia of S. rolfsii to use for competitive
colonization, a series of containers were
prepared, each containing sand (910 g) (15%
moisture), ten autoclaved beet or okra seeds,
and 100 to 125 sclerotia (100, 105, 110, 115,
120, and 125) of S. rolfsii. The mixture in
each container was thoroughly mixed in
resealable polyethylene bags and incubated
in containers for 2 wk at 25°C. Seeds were
removed from the sand mixtures using a
sieve and placed onto PDA; the number of
S. rolfsii colonies was recorded after 48 h at
25°C. The competition experiment was
repeated three times, and the density of
sclerotia required for 100% colonization was
verified (repeated) six more times.

Similar experiments were conducted to
determine the inoculum load of L. arvalis
formulation needed for 100% seed col-
onization. Sand and 10 autoclaved seeds
were mixed with concentrations of for-
mulation ranging from 0.2 g to 0.7 g/g- sand
at 0.1 g intervals. Mixtures were incubated
at 25°C for 1 wk, then seeds were removed
and placed on PDA to determine the extent
of colonization. This experiment was
repeated twice with similar results. The
concentration resulting in 100% colonization
was verified six more times.

Competitive colonization experiment. Ten
autoclaved beet or okra seeds were tho-
roughly mixed with 910 g white quartz sand
(15% moisture) in resealable polyethylene
bags and 125 sclerotia of S. rolfsiiand 0.3 g
formulation of L. arvalis were added, mixed,
and incubated in aluminum pans at 25°C for
2 wk. This experiment was replicated six
times. Seeds were removed as before, placed
on PDA, and the number of colonies of each

fungus recovered were counted. The entire
experiment was repeated twice to verify the
results. Data were analyzed by ANOVA
(SAS Institute, Box 8000, Cary, NC 27511),
and means were separated when appro-
priate with a Duncan multiple range test.
In addition, a t - test and a test for normality
for the two means was conducted using a
Sigma Stat program (Jandel Scientific, San
Rafael, CA 94912-8920).

RESULTS

Optimum temperature for mycelial growth
of L. arvalis. Aycock (1966) had reported
that S. rolfsii had a growth optimum between
25° and 30°C. However, since the growth
optimum for L. arvalis had not been estab-
lished in the literature, we needed to
determine the average growth of mycelium
(colony diameters) at temperatures ranging
from 15°C to 35°C. Maximum diameters
were produced at 25°C and 30°C. There was
no difference (P<0.05) between growth at 25°
and 30°C, but the difference between growth
at 25/30°C and that at other temperatures
was significant (P<0.05). Regression
analysis fit a linear model; Y= - 0.0858X +
3.8085, the coefficient of determination
(R?)=0.97 and P<0.0004.

Determination of propagule density of L.
arvalis formulation. There was a positive
correlation between formulation concen-
tration and the proportion of colonized soil
pellets. Decreasing the concentration of
formulation in the mix resulted in a decrease
in the proportion of soil pellets colonized
by L. arvalis. The average concentration of
the formulation calculated from the multiple
infection transformation equation was 2980
cfu/g. (Fig. 1).

Inoculum load determination for com-
petitive experiments. One hundred percent
colonization of seeds resulted when 0.3 g or
more of L. arvalis formulation was added to
the heat sterilized (overnight at 120°C) white
quartz sand containing 10 seeds. This
colonization percentage was consistent in
each of the six repeated tests. One hundred
percent colonization of seeds with S. rolfsii
was achieved when 125 sclerotia were
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added to the system and this was consistent
for each of the six repeated tests.

Competitive colonization experiments.
There was a difference (P<0.05) between the
number of seeds colonized by L. arvalis
compared with that colonized by S. rolfsii (t
test, P<0.0001) when 125 sclerotia of S. rolfsii
and 0.3 g of L. arvalis formulation were
added to the sand containing 10 autoclaved
seeds and incubated at 25°C for a 2 week
period. Both fungi grew equally well on
PDA but could easily be separated by the
color of their mycelia. Recovery of L. arvalis
from the seeds ranged from 81 to 83% and
for S. rolfsii only 17 to 20% (SD=1.7). Since
colonization of seed could only be confirmed
by plating seed onto agar and observing
growth of each fungus, seeds colonized by
both fungi were recorded as colonized by
the first and largest colony to grow from
each seed. The t-test and the normality test
showed that the differences in the mean
values of the two groups (seed colonized by
L. arvalis and seed colonized by S. rolfsii) was
greater than would be expected by chance;
there was a significant difference between
the two groups (P<0.0001).

DISCUSSION

Garrett (1970) realized the importance of
competitive colonization of organic matter
and the ability of a fungus to survive in the
soil and defined competitive saprophytic
ability as an intrinsic characteristic of a
fungal species that results in successful
competitive colonization of dead organic
substrates. However, he later found that this
definition was too restrictive and modified
it to include substrates of all kinds (i.e.
simple sugars, lignocellulose, etc.). He
further defined “inoculum potential” as the
energy of a fungus available for colonization
of a substrate at the surface of the substrate
to be colonized. This phrase also includes
the endogenous and exogenous growth
vigor of propagules. Therefore, the size of a
propagule and both the endogenous energy
and its exogenous supplies (as substrate
amendments) must be considered in com-
petitive colonization of the substrate. We
chose to modify the technique of Papavizas,
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et al (1975) who used a soil matrix in their
experimentation, while we used heat
sterilized white-quartz sand which lacked
any additional organic matter and provided
a light background in which it was
convenient to locate seeds and even
sclerotia.

Deacon (1991) maintained that suc-
cessful BCAs must be ecologically adapted
for the task they are expected to perform and
that even a BCA of limited spread could give
a worthwhile benefit by creating a cordon
sanitaire around the base of a plant. In our
previous research with southern blight of
apple seedlings (Conway, 1995; Conway et
al,1996), sclerotia of L. arvalis suspended in
a gel and applied to the crown and root area
of seedlings, protected the trees from crown
infection by S. rolfsii. This method of
protection would support Deacon’s idea of
acordon sanitaire. Itis possible that L. arvalis
may employ more than one mechanism in
its interaction with soilborne pathogenic
fungi. In the work presented here, we have
shown that competition for organic matter
is one possible mechanism utilized by this
fungus to exclude pathogens from sites of
infection along roots or at the crown of
plants.

We chose to conduct the interaction
experiments at 25°C, which was optimal for
growth of both fungi. Although S. rolfsii
might have been favored at higher tem-
peratures, we felt a lower temperature
would more closely reflect actual tem-
peratures in the field when L. arvalis would
be deployed and begin to colonize organic
matter.

The association of L. arvalis with
organic amendments has been recognized
and exploited in previous research (Martin
et al 1984; Lewis and Papavizas 1992).
Successful biocontrol in the field has been
achieved against several pathogens through
the addition of L. arvalis on infested seeds/
bran 6, 10) colonized sugar beet pulp
(Odvody et al 1980) or gel suspensions
(Conway et al 1996; Martin et al 1984).
Interestingly, Herr (1988) reported limited
success in controlling R. solani by L. arvalis
ZH-7 only when it was added as com-
minuted mycelium. The formulation of L.
arvalis used in our studies allowed for the
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production of sclerotia on the wheat bran.
In our previous research, when dried
sclerotia was added to the gel matrix,
rehydrated sclerotia allowed for quicker
germination of sclerotia than non-hydrated
sclerotia.

In our competitive colonization experi-
ments, we attempted to account for the
difference in sclerotia size [inoculum
potential, sensu Garrett (1970] by deter-
mining the inoculum densities of each
fungus that were needed to colonize 100%
of the autoclaved seeds. Sclerotial size
would affect how close to the seed a fungal
propagule had to lie (spatial arrangement)
in order to colonize it. Larger sclerotia
would have more internal energy and could
infect seeds from a greater distance. Toma-
sino and Conway (1987) determined that
sclerotia of S. rolfsii can infect the crowns of
apple seedlings from a distance of 3to 4 cm.

Information concerning the com-
petitive saprophytic ability of L. arvalis
should lead to better biocontrol formu-
lations and better ecological strategies for
deployment of this fungus in the field.
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