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ABSTRACT

Biological control agents that are applied as spore suspensions must germinate to cxert their desired
effects. Nutrients are one possible factor that can be manipulated to enhance spore germination and
subsequent microbial colonization of wood. Sugar alcohols, inorganic and organic nitrogen compounds
(amino acids) were evaluated for their ability to selectively enhance germination of spores (conidia)
of Gliocladium roseumn. While sugar alcohols and inorganic nitrogen compounds showed no selective
cffect on spore germination of G. rosewm, some of the amino acids, notably L-phenylalanine and B-
alanine, selectively enhanced germination of G. roseum over Ophiostoma piceae.
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INTRODUCTION

One of the major causes of discoloration of
freshly sawn softwood lumber in Canada is
Ophiostoma piceae (Muench) H. & P Syd.
(Seifert 1993). Although sapstain is currently
controlled by application of biocides, there is
increasing public concern about the potential
negative human and environmental impacts of
these treatments (Dawson-Andoh and Morrell
1997). Alternative processes being evaluated
include biological control or biocontrol. Bio-
logical control is currently less efficacious and
more variable than biocides (Harman and
Lumsden 1990).

Previous studies had identified Gliocladium
roseum Bainier as a potential biological con-
trol of sapstain on wood (Seifert et al. 1988).
Janisiewicz and Bors (1995) recommend that
“once biocontrol agents have been identified
and tested,” further work should focus on im-
proving efficacy and consistency by manipu-
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lating the physical, chemical, or biological en-
vironment to favor the biocontrol agent.
Microbial colonization of wood substrate is
initiated by the arrival of propagules. Depend-
ing on biotic and abiotic factors, spores ger-
minate to produce hyphae that colonize the
substrate. Wood represents a fairly spartan re-
gime for many fungi, particularly those that
lack the ability to actively degrade cell-wall
polymers (Dawson-Andoh and Morrell 1992).
Identifying methods to selectively improve
colonization will contribute to the successful
application of biological control agents.
Colonization of wood by biological control
agents can be enhanced by altering the wood
substrate to stimulate spore germination and/
or limit that of competing microflora. Germi-
nation of fungal spores on plant surfaces is
stimulated by the quality of nutrients present.
For example, nutrients affect populations of
epiphytic microorganisms on plant surfaces
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(Kosuge and Hewitt 1964; Blakeman 1975;
Blakeman and Brodie 1977, Fokkema 1984).
The inclusion of nutrients such as L-aspara-
gine or L-proline and the nutrient analog 2-
deoxy-D-glucose in the spore suspension of
biocontrol agents enhanced the post-harvest
control of blue mold on apple (Janisiewicz et
al. 1992). Previously, Morris and Rouse
(1982) demonstrated that the application of a
single organic compound to the surface of
snap beans altered the composition of the bac-
terial community enough to reduce bacterial
brown spot. These examples suggest that al-
tering the nutrients in the substrate may also
enhance biocontrol efficacy.

In this paper, we report the effects of some
carbon and nitrogen sources on spore (conidia)
germination of a potential biocontrol fungus,
G. roseum and a sapstain fungus, O. piceae.

MATERIALS AND METHODS
Fungi

Five isolates of O. piceae (Forintek isolates
3871, 387AA, 387Al, 3871, and 387J) and one
isolate of G. roseum 784A (Forintek isolate)
were used in this study. Isolate 3871 was the
most frequently used O. piceae in the study.
All fungal cultures were maintained in 2%
(wt/v) glycerol in cryo-preservation vials un-
der liquid nitrogen.

Production of fungal spores

G. roseum and O. piceae were subcultured
on 2% (wt/v) malt-agar (2%, wt/v) and oat-
meal agar, respectively, and incubated at 27°C
for 10 days. Six plugs were cut from the grow-
ing margin of each fungus and added to 200
ml of sterile 2% (wt/v) malt extract broth,
which was incubated for 5 days at 25°C in
total darkness on a liquid shaker at 100 rpm.
At the end of this period, the contents of each
flask were poured through sterile cheese cloth
into a sterile 1-liter beaker to remove the my-
celium. Filtered spores (conidia) were then
transferred to sterile 500 ml round bottom cen-
trifuge tubes and centrifuged at 6,000 rpm at
4°C for 20 min. The supernatant was poured
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off, and the compact spore sediment was twice
washed with filtered sterilized deionized water.
Washed spores were added to 50 ml of sterile
11% (wt/v) glycerol solution. A 1.8 ml aliquot
of this spore suspension was transferred to
each cryo-preservation vial, which was stored
at —20°C for 1.5 h and then placed into liquid
nitrogen for storage.

To retrieve spores from storage, the pre-
serving vials were placed in a water bath at
37°C for 2-3 min to thaw. The thawed spores
were then transferred to sterile micro-centri-
fuge tubes, spun down to pelletize, decanted,
and washed with sterile deionized water. The
concentration of the stock spore suspension
was determined using a hemacytometer.

Preparation of western hemlock water
leachates

Generally, fungal spores germinate within
the moisture film on wood. To mimic this sii-
uation, a water leachate of western hemlock
[Tsuga heterophylla (Ref.) Sarg.] wood at
room temperature was used as the test media.
Western hemlock was cut from two inches be-
low the bark area. Western hemlock leachate
was prepared by adding 150 g of unseasoned
western hemlock wood (3 X 1 X 0.5 cm) to
1 liter of distilled water in a 5-liter flask. The
latter was shaken continuously on a rotary
shaker (100 rpm) for four days and the con-
tents were filtered through a Whatman #1 filter
paper; a 0.45-pm membrane filter and finally
through a 0.22-pm membrane filter. The ster-
ilized extract was refrigerated at 4°C prior to
use.

Nutrients

A variety of carbon and nitrogen com-
pounds was employed in this study. All carbon
substrates tested were sugar alcohols, while ni-
trogen sources consisted of two subgroups: in-
organic and organic (amino acids) nitrogenous
compounds (Table 1).

Spore germination

Each nutrient was dissolved in sterilized
western hemlock leachate to produce 0.11,
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TABLE 1.  Nutrient sources evaluated in study.
Carbon sources Inorganic nitrogen compounds Organic nitrogen compounds
Arabitol Ammonium nitrate Bacto-asparagine
Adonitol Ammonium nitrate Bacto-peptone
Mannitol Sodium nitrate B-Alanine
L-Cysteine hydrochloride
L-Proline

DL-Methiqnine
L-Threonine

L-Lysine monochloride
L-Hydroxyproline
L-Glutamic acid
L-Histidine

Casein enzymatic hydrozylate
Gallic acid
L-Phenylalanine
L-Leucine
L-Isoleucine
L-Glutamic acid
DL-Aspartic acid

0.56, and 1.1% (wt/v) stock solutions. To 1.5
ml sterile micro-centrifuge tube containing 0.1
ml suspension of 10° spores/ml of each fun-
gus, sterilized nutrient (0.9 ml) was added to
produce nutrient concentrations of 0.1 (low),
0.5 (medium), and 1.0% (high, wt/v} and a
desired spore concentration of 10° spores/ml
of each fungus. Each treatment was replicated
five times. The open-topped micro-centrifuge
tubes were incubated at 15°C for 24 or 48 h
in a desiccator with a saturated solution of so-
dium tartrate at the bottom to maintain a rel-
ative humidity of 94%. At the end of each
incubation period, the contents of each centri-
fuge tube were shaken, and an aliquot was pi-
petted into a hemacytometer. Two hundred
spores selected at random were counted and
the number of spores that were swollen and
germinated were recorded. Germination of
spores in deionized water and western hem-
lock water leachate without added nutrients
served as controls. However, the effect of add-
ed nutrients was compared only with western
hemlock water leachate control, thus eliminat-
ing any effect of wood or microbial proteins
carried over during the preparation of western
hemlock leachate.

Germination of a fungal spore is defined as

the transformation of relatively inactive veg-
etative propagule to a highly active vegetative
thallus. This process is characterized by phys-
iological and morphological changes. The lat-
ter include spore swelling, germ-tube forma-
tion, and eventually thallus formation. Al-
though swelling of spores was recorded, the
data are not presented. A spore was considered
germinated when the length of its germ-tube
was at least three times its diameter.

Statistical analysis

For each nutrient type, means for the spore
germination of each fungus were analyzed for

- significant difference using r-tests (SAS Insti-

tute 1990). All multiple comparisons of per-
cent germination of O. piceae and G. roseum
to selected nutrient amendments were first
subjected to an analysis of variance (ANOVA
and GLM), and significant differences be-
tween treatment means were determined using
Duncan’s Multiple Range Test at each concen-
tration level. Experiments with nutrients that
demonstrated some potential effects on ger-
mination were repeated.
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TABLE 2.  Effects of carbon sources on spore germination of Gliocladium roscum 784A and Ophiostoma piceae 3871

Concentration

%
Nutrient sources (weight/volume)

Incubation period

Spore germination (%)*

(Hours) G. roseum 0. piceae

Arabitol 24 N.D. 659 (5.1)

0.1% 48 N.D. 79.5 3.7)

24 N.D. 61.1 (6.3)

0.5% 48 N.D. 74.7 (3.9)

24 N.D. 593 3.4)

1.0% 48 N.D. 81.1 (3.5)

Adonitol 24 56.3 (4.6) 29.8 4.1)

0.1% 48 57.1 (4.5) 74.7 (5.9)

24 51.7 (3.5) 323 (4.5)

0.5% 48 58.7 (8.3) 76.3 (4.8)

24 555 (3.7 41.2 (4.1

1.0% 48 57.2 (6.5) 82.6 (2.3)

Mannitol 24 50.5 (4.6) 312 (3.7
0.1% 48 88.6 (4.5) 82.2 (2.3)*

24 46.5 (3.5) 30.1 (4.0)
0.5% 48 70.8 (8.3) 69.9 (4.0)*

24 54.1 (5.7 30.5 (4.6)

1.0% 48 92.4 (6.5) 709 (4.2)

¥ Valucs represent means of 5 replicates, while those in parentheses represent | standard deviation. ND = Not tested. * Indicates that spore germination of
G. roseum did not differ significantly from that of O. piceae by r-test at P = 0.001.

RESULTS

Effect of sugar alcohols

Germination of G. roseum and O. piceae
spores was significantly influenced by the type

of sugar alcohol (P = 0.001) (Table 2). Mean
percent germination of O. piceae in adonitol
was significantly higher than for G. roseum at
24 h of incubation (P = 0.001). This effect
was reversed at 48 h. This reversal implies

TABLE 3. Effects of inorganic nitrogen sources on spore germination of G. roseum 748A and Q. piceae 3871

Concentration Incubation Spore germination (%)*
e period
Nutrient sources (weight/volume) (Hours) G. roseum O. piceae
Ammonium nitrate 24 43.5 (3.9) 10.7 (1.0)
0.1% 48 59.4 (9.1) 11.2 3.1)
24 419 (2.3) 19.1 (3.5)
0.5% 48 48.8 (5.5) 142 (3.5)
24 56.8 (4.3) 16.9 (6.1)
1.0% 48 78.0 (4.5) 12.8 (2.9)
Ammonium sulfate 24 51.3 (4.8) 60.1 (2.9)
0.1% 48 53.5 (5.8) 86.6 (4.5)
24 49.5 (3.7) 66.7 (7.8)
0.5% 48 53.7 (2.8) 88.5 (2.4)
24 54.5 (5.5)* 61.6 (3.9)*
1.0% 48 61.8 (5.4) 88.1 (208)
Sodium nitrate 24 69.2 (3.9)* 66.5 (3.2)*
0.1% 48 80.8 (4.4)* 75.5 2.7)*
24 61.7 (4.9)* 69.3 (3.2)*
0.5% 48 79.6 (3.8)* 73.5 (2.9)*
24 64.8 (4.2)* 71.6 (4.5)*
1.0% 48 85.9 (2.7) 71.2 (5.3)

* Values represent means of 5 replicates, while those in parentheses represent 1 standard deviation. ND = Not tested. * Indicates that spore germination of
G. roseun did not ditfer significantly from that of O. piceae by i-test at P = 0.001.
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TABLE 4.  Effects of organic nitrogen sources on spore germination of G. roseum 748A and O. piccae 3871.

Concentration Tncubation Spore germination (%)?
% period
Nutrient sources (weight/volume) (Hours) G. roseum 0. piceae
L-Leucine 24 6.1 (0.1) 1.6 (1.3}
0.1% 48 14.4 (1.6) 9.5 (0.8)
24 10.5 (1.3) 12.6 (2.9)
0.5% 48 238 3.7) 11.4 (2.1)
24 11.9 (1.6) 7.5 (2.5)
1.0% 48 21.2 (3.0) 9.5 (1.5)
L-Isoleucine 24 81.8 (3.5) 49 (0.7)
0.01% 48 80.9 (2.9) 19.3 (32.0)
24 80.4 (2.1) 9.1 (1.7)
0.5% 48 89.2 (2.7) 25.0 (2.7)
24 84.2 (3.2) 9.6 (1.7)
1.0% 48 91.7 (2.4) 27.1 (5.0)
L-Hydroxyproline 24 84.4 (4.8) 320 (5.4)
0.01% 48 83.2 (2.8) 359 (2.5)
24 85.9 (3.2) 32.2 4.5)
0.5% 48 88.3 (2.4) 40.7 (5.0)
24 89.4 (2.2) 40.9 (3.8)
1.0% 48 91.0 (0.9) 34.3 (2.6)
L-Histidine 24 25.6 (6.0) 18.3 (2.2)
0.1% 48 33.0 (8.4) 28.1 (4.5)
24 25.7 4.9) 12.9 (2.5)
0.5% 48 340 4.1) 27.0 (2.2)
24 28.6 (3.2) 12.4 (3.5)
1.0% 48 37.5 (6.6) 20.9 (2.7)
L-Cysteine hydrochloride 24 0.3 (04 2.2 (04)
monohydrate 0.1% 48 7.2 (1.3) 335 4.2)
24 0.0 (0) 4.0 (1.4)
0.5% 48 0.0 (0) 2.7 (1.5)
24 0.0 (0) 5.5(2.2)
1.0% 48 0.0 (0) 6.7 (1.5)
L-Proline 24 77.0 (10.8) 29.15 2.4)
0.1% 48 91.9 (6.4) 64.4 (4.7)
24 80.2 3.1) 29.5 (3.0)
0.5% 48 100 (0) 55.6 (10.6)
24 70.1 3.2) 232 (3.1)
1.0% 48 98.9 (1.7) 75.0 (4.7
DL-Mcthionine 24 8.3 (2.1 4.2 (1.5)
0.1% 48 11.4 (2.8)* 17.5 (5.1)*
24 8.8 (1.0) 42 (1.2)
0.5% 48 11.3 (1.9)* 14.8 (4.5)*
24 12.3 (2.7) 5.9 (2.2)
1.0% 48 13.3 3.7) 20.5 (4.5)
L-Threonine 24 90.5 (3.0) 18.9 (2.6)
0.1% 48 94.8 (2.1) 444 (3.0)
24 91.5 (1.6) 234 (2.7)
0.5% 48 94.9 (1.8) 46.2 (7.3)
24 83.1 (3.6) 21.6 3.1)
1.0% 48 93.6 (2.4) 44.3 (3.3)
Bacto-Asparagine 24 0.0 (0.0) 4.0 (1.3)
0.1% 48 0.0 (0.0) 8.0 (3.3)
24 0.2 (0.3) 1.5 (1.1)
0.5% 48 0.2 (0.3) 6.9 (2.8)
24 0.0 (0.0) 1.0 (0.8)
1.0% 48 0.0 (0.0) 1.6 (0.4)
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TABLE 4.  Continued.

Concentration Incubation Spore germination (%)*
% period
Nutrient sources {weight/volume) {Hours) G. roseumn 0. piceae

Bacto-peptone 24 72.0 (5.1) 7.1 (2.9)
0.1% 48 100 (0.0) 15.4 (2.7)
24 87.5(2.5) 7.5 (1.6)
0.5% 48 100 (0.0) 17.9 (1.6)
24 85.5 (3.0) 6.9 (1.3)
1.0% 48 100 (0.0) 14.5 (2.7)
Gallic acid 24 50.2 (6.2) 45.2 (4.8)
0.1% 48 36.6 (2.4) 393 4.1)
24 0.0 (0.0) 46.1 (4.7)
0.5% 48 0.0 (0.0) 32.6 (3.0)
24 0.0 (0.0) 29.7 (5.0)
1.0% 48 0.0 (0.0) 15.5 (1.8)
L-Lysinc monochloride 24 87.2 (3.6) 54.1 (2.2)
0.1% 48 100 (0.0) 56.3 (4.7)
24 87.3 (3.5) 35.0 (2.3)
0.5% 48 100 (0.0) 55.4 (3.0)
24 85.7 (3.2) 35.0 (2.9)
0.1% 48 100 (0.0) 59.0 (2.5)
B-Alanine 24 82.5 (2.7) 6.6 (1.9)
0.1% 48 914 (1.9) 11.9 (6.2)
24 87.1 (2.6) 5.1 (0.7)
0.5% 48 91.3 (L.7)* 10.2 (1.2)
24 75.2 (7.4) 3.6 (0.4)
1.0% 48 85.5 (10.6) 27.1 (5.1
L-Glutamic acid 24 69.3 (4.9) 4.7 (4.7)
0.1% 48 87.1 (9.3) 13.2 (2.3)
24 52.1 (2.5) 6.1 (1.6)
0.5% 48 78.8 (3.8) 13.4 (2.1)
24 43.5 (4.2) 6.1 (1.8)
1.0% 48 57.1 (4.4) 15.1 (1.4)
DL-Aspartic acid 24 86.5 (2.5) 89.7 (3.1)
0.1% 48 93.8 (1.2) 75.8 (6.4)
24 84.7 (3.8) 93.4 (2.9
0.5% 48 96.8 (1.6) 88.4 (5.9

24 89.5 (3.3) ND

1.0% 48 99.6 (0.9) ND
L-Phenylalanine 24 82.2 (2.3) 10.1 (1.9)
0.1% 48 89.2 (1.8) 19.1 (4.9)
24 83.1 (4.4) 9.0 (2.1)
0.5% 48 91.4 (2.7) 17.3 (1.9)
24 85.3 (6.2) 6.8 (1.2)
1.0% 48 92.5 (1.7) 11.7 (2.2)
Casein Enzymatic 24 25.1 (5.5) 10.5 (3.4)
Hydrozylate 0.1% 48 61.1 (20.8) 11.3 (1.9)
24 20.8 (4.2) 11.4 (2.9)
0.5% 48 52.6 (2.4) 13.1 (1.8)
24 11.7 (5.0) 23.0 (6.1)
1.0% 48 68.5 (10.7) 21.8 (6.3)

# Values represent means of 5 replicates, while those in parentheses represent 1 standard deviation. NI = Not tested. * Indicates that spore germination of
G. roseum did not differ significantly from that of O. picede by r-test at P = 0.001.
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some potential for slower, but eventual, uptake
by G. roseum. Of the two fungal spores, G.
roseum exhibited significantly higher percent
spore germination in mannitol at all concen-
trations and both incubation periods except for
the medium concentration at 48 h.

Effect of inorganic nitrogenous sources on
spore germination

The three inorganic nitrogen sources pro-
duced different effects on spore germination
of G. roseum and O. piceae (Table 3). In so-
dium nitrate, mean percent spore germination
for G. roseum was not significantly different
from O. piceae at all concentrations and spore
incubation periods except at 48 h for the high
concentration of all three sources (P = 0.001).
Mean percent spore germination for O. piceae
in ammonium nitrate was consistently lower
at all concentrations and both incubation pe-
riods. In contrast, mean percent spore germi-
nation for O. piceae in ammonium sulfate was
significantly higher than that for G. roseum at
all concentrations and both incubation periods
except at the high concentration incubated for
24 h (P = 0.001).

Effect of amino acids on spore germination

Spore germination responses of the two fun-
gal species in various amino acids (Table 4)
could be divided into six groups, A, B, C, D,
E, and E Group A included L-leucine, L-his-
tidine, L-cysteine hydrochloride, DL-methio-
nine, and bacto-asparagine and produced mean
percent spore germinations for G. roseum and
O. piceae that were generally below 40%.
Group B included L-isoleucine, bacto-peptone,
B-alanine, L-theronine, L-glutamic acid, and L-
phenylaline. In addition to the significant dif-
ference (P = 0.001) in the mean percent ger-
mination between G. roseum and O. piceae,
germination of O. piceae spores in these sourc-
es was very poor. For Group C, which included
only one amino acid (gallic acid), both fungi
exhibited moderate mean percent spore germi-
nation (50.2-36.2%). However, no spore ger-
mination was observed for G. roseum spores at
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both the medium and high concentrations. Both
fungi exhibited excellent spore germination in
the Group D amino acid source, DI.-aspartic
acid. Group E included L-proline and casein
enzymatic hydrozylate, and the response of
fungal spores to these compounds was not
well-defined. Each amino acid exerted different
effects on spore germination. Spore germina-
tion of O. piceae in casein hydrozylate was
poor at all concentrations for both incubation
periods. Spore germination for G. roseum after
48 h was at least twice that at 24 h. Mean per-
cent spore germination for O. piceae in proline
after 24 h was low but increased 2-3 fold after
48 h. Mean spore germination for G. roseum
in proline at both incubation periods was sig-
nificantly higher than that for O. piceae (P =
0.001). For Group E, which included only L-
lysine monochloride, mean percent spore ger-
mination for G. roseum was about twice that
of O. piceae at all concentrations and incuba-
tion periods.

DISCUSSION

The observed low levels of spore germina-
tion of G. roseum and O. piceae in deionized
water relative to western hemlock leachate
may reflect the absence of nutrients present in
the leachate. In previous studies, oospores of
Pythium hydnosporium exhibited low germi-
nation in distilled water but show marked in-
creases when nutrients were added (Al-Hassan
and Fergus 1973).

Wood is low in available nitrogen, and ni-
trogen becomes limiting for most microorgan-
isms before carbohydrates (Blakeman and
Brodie 1977). Simple sugars have been re-
ported to have only limited effect on spore
germination (Daigle and Cotty 1991). Spores
of G. roseum and O. piceae responded differ-
ently to the three inorganic nitrogenous com-
pounds and sugar alcohols and none exhibited
any selective enhancement effect in the pres-
ence of added nitrogen.

From a practical point of view, the ideal nu-
trient additive should greatly enhance spore
germination of the biological control agent rel-
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TABLE 5. Effect of L-Phenvlulanine, L-alanine, L-isoleucine and L-Lysine on G. roseum 784A and other isolates of
Ophiostoma piceac at 15°C, 94% RH after 48-h incubation.

% Germination
Nutrient concentration, % weight/volume

Nutrient sources Fungus 0.1 a.5 1.0
L-phenylalanine G. roseum T84A 85.7a 86.9a 89.9a
0. piceae 3871 14.5b 13.0b 9.2b
0. piceae 387TH 10.9¢ Il.1c 6.9¢
0. piceae 387]) 6.8d 4.0c 5.6¢c
O. piceae 387TAA 3.1d 3.8d 0.7d
0. piceae 387Al 2.9¢ 1.6d 0.6d
L-alanine G. roseum T84A 86.9a 88.4a 82.1a
0. piceae 3871 10.0¢c 6.7c 5.0c
O. piceae 387] 11.9¢ 7.6¢ 7.0c
0. piceae 38TAA 6.3d 4.6d 5.0d
0. piceae 387TAl 38.0b 49.4b 47.2b
L-isolcucine G. roseum T84A 85.3a 84.8a 87.9a
0. piceae 3871 12.1d 3.4e 2.4d
0. piceae 38TH 17.1¢ 17.0c 18.3¢
0. piceae 387] 10.7d 2.3e 1.7d
O. piceae 387TAA 16.0c 10.2d 3.6d
0. piceae 387Al 56.1b 34.1b 46.1b
L-lysine G. roseum T84A 93.6a 96.3a 92.8a
O. piceae 3871 55.2b 45.2b 46.7b
0. piceae 38TAA 22.0c 18.8¢ 13.2¢
0. piceae 387TAl 23.6¢ 19.4¢ 21.4c
Means followed by the same letter indicates that spore germination of G. rosewm did not differ significantly from that of O. piceae by Duncan’s Multiple

Range Test at £ = 0.001.

ative to the sapstain fungus. Six of the amino
acid sources (L-isoleucine, bacto-peptone, L-
phenylalanine, L-hydroxyproline, L-threonine,
and B-alanine) met this criteria. Janiesiewicz
et al. (1992) reported that amino acids that
strongly stimulated conidial germination also
enhanced biological control.

Since nutritional requirements of strains of
the same fungus may vary (Jackson et al.
1991), L-isoleucine, L-phenylalanine, and f3-
alanine together with L-lysine hydrochloride
were screened for their effect on spore ger-
mination of other O. piceae isolates. Although
significantly higher mean spore germination
was recorded for G. roseum with respect to
the other isolates of O. piceae (Table 5), low
mean spore germination for other isolates of
0. piceae and high mean spore germination
for G. roseum was observed for only L-phe-
nylalanine (Table 5). Mean spore germination
for O. piceae 3871 in L-isoleucine was greater
than 70% at both low and high concentrations.

Some organic nitrogenous sources clearly
have the potential to selectively enhance spore
germination of potential biological control
agents over sapstain fungi such as O. piceae.
These nitrogenous sources may be included in
the deployment milieu to enhance the germi-
nation of applied propagules and thus contrib-
ute to the effectiveness of the biocontrol fun-
gus. However, it is paramount that these
amendments not simultaneously enhance ger-
mination and growth of the sapstain fungus.

CONCLUSIONS

The sugar alcohols and inorganic sources
studied exhibited no selective enhancement of
spore germination of the potential biological
control fungus, G. roseum 784A over that of
the sapstain fungus. O. piceae. Amino acids
produced the greatest differential effect on
spore germination of the biological control, G.
roseum, relative to the sapstain fungus, O. pi-
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ceae. L-phenylalanine selectively enhanced
germination of G. roseum species relative to
the sapstain fungus, O. piceae, B-alanine
showed some potential.
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