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The effect of two ectomycorrhizal fungi, Paxillus 
involutus and Suillus tomentosus, and of Bacillus 
subtilis on Fusarium damping-off in jack pine seediings 

Sheau-Fang Hwang1, Priyotosh Chakravarty2, and Kan-Fa Chang3 

Received 1995-04-05; acceptée! 1995-10-29 

Two species of ectomycorrhizal fungi, Paxillus involutusand Suillus tomentosus, 
and a bacterial strain of Bacillus subtilis, were tested against Fusarium 
moniliforme, the causal agent of damping-off in jack pine (Pinus banksiana) 
seediings. Both P. involutus and B. subtilis inhibited in vitro growth of 
F moniliforme. The culture filtrâtes of P. involutus and B. subtilis were toxic 
to F moniliforme, but chlamydospore formation of F moniliformewas observed. 
Greater jack pine seedling survival was observed when co-inoculated with 
P. involutus and B. subtilis than with F moniliforme alone. S. tomentosus 
neither inhibited in vitro growth of F moniliforme nor increased survival of jack 
pine seediings against F moniliforme. F moniliforme reduced ectomycorrhiza 
formation on jack pine seediings by P. involutus and S. tomentosus. The 
number of colony forming units of F moniliforme was significantly reduced 
when seediings were inoculated with P. involutus and B. subtilis alone or in 
combination. S. tomentosus, on the other hand, did not reduce the number 
of colony forming units of F moniliforme. The suppression of F moniliforme 
growth by P. involutus and B. subtilis involved production of antifungal 
compounds. 

Hwang, S.-F., P. Chakravarty et K.-F. Chang. 1995. Effet de deux champignons 
ectomycorhiziens, le Paxillus involutus et le Suillus tomentosus, et du Bacillus 
subtilis sur la fonte des semis du pin gris. PHYTOPROTECTION 76 : 57-66. 

On a testé l'effet de deux espèces de champignons ectomycorhiziens, le 
Paxillus involutus et le Suillus tomentosus, et une lignée de la bactérie Bacillus 
subtilis sur le Fusarium moniliforme, agent pathogène de la fonte des semis 
du pin gris (Pinus banksiana). Le P. involutus et B. subtilis ont tous les deux 
inhibé la croissance in vitro du F moniliforme. Les filtrats de culture de 
P. involutus et de B. subtilis ont été toxiques pour le F moniliforme, mais la 
formation de chlamydospores par le F moniliforme a été observée. Une 
meilleure survie des plantules a été observée lorsqu'elles étaient co-inoculées 
avec le P. involutus et le B. subtilis plutôt qu'avec le F moniliforme seulement. 
Le S. tomentosusn'a pas inhibé la croissance in vitro du F. moniliforme ni accru 
la survie des plantules de pin gris en présence de F moniliforme. Ce dernier 
a réduit la formation d'ectomycorhizes sur le pin gris par le P. involutus et le 
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S. tomentosus. Le nombre d'unités formatrices de colonies du F. moniliforme 
a été significativement réduit quand les plantules ont été inoculées avec le 
P. involutus ou le B. subtilis seul ou en combinaison. D'autre part, le 
S. tomentosus n'a pas réduit le nombre d'unités formatrices de colonies du 
F. moniliforme. La suppression de la croissance du F. moniliforme par le 
P. involutus et le B. subtilisa entraîné la production de composés antifongiques. 

INTRODUCTION 

Fusarium damping-off, caused by sever-
al species of Fusarium, is responsible for 
considérable losses in both container and 
bare root nurseries in North America (Filer 
and Peterson 1975; Hiratsuka 1987; Suth-
erland and Van Eerden 1980). The inoc-
ulum of the fungus can be carried on 
seed, contaminated growing média or in 
water. Various fungicides are used to 
control this disease. However, many of 
thèse fungicides are not very effective 
and do not protect the seedlings during 
their stay in the nurseries (Sinclair et al. 
1975). In récent years, several root patho­
gens hâve been found to be résistant to 
many fungicides (Chakravarty and Kean, 
unpublished data). In addition to fungi­
cides, proper fertility management may 
also reduce the incidence of damping-
off. Alternative non-chemical stratégies 
for protecting nursery seedlings from var­
ious soil pathogens hâve received con­
sidérable attention in the last few dé­
cades (Adams 1990; Baker and Cook 
1982). Reducing residual toxicity from 
chemicals in the soil is also essential for 
maintaining the opération of forest tree 
nurseries environmentally acceptable. 

Bacillus subtilis (Ehrenberg) Cohn, a 
soil-inhabiting bacterium, has been used 
to control diseases of field crops. The 
bacterium produces antifungal substanc­
es which are toxic to several plant patho­
gens (Hall and Davis 1990; Jordon and 
Tarr 1987; Krause étal. 1987; Krezel and 
Leszczynska 1978; Podile étal. 1985; Pusey 
and Wilson 1984; Pusey et al. 1986; Singh 
and Deverall 1984; Utkhede 1984; Utkhe-
de and Sholberg 1986). Al though 
B. subtilis has potential for biological con­
trol in agricultural and horticultural crops, 
our knowledge on the effect of B. subtilis 
on forest tree seedlings is limited. 

Paxillus involutus (Batsch.) Fr. and 
Suillus tomentosus (Kauffman) Singer, 
Snell, & Dick, two species of ectomycor-

rhizal fungi, form abundant ectomycor-
rhizae with pine {Pinus spp.) seedlings. 
P. involutus is known to protect seed lings 
of red pine (Pinus resinosa Ait.) from 
damping-off pathogens by producing 
antifungal substances (Chakravarty et al. 
1990,1991; Duchesne étal. 1987a,b, 1988, 
1989a,b). The effect of S. tomentosus on 
root pathogens of pines is not known. 
Marx (1972, 1973) and Zak (1964) hypoth-
esized that root protection by ectomycor-
rhizal fungi may be the resuit of a protec-
tive barrier effect caused by the présence 
of a fungal mantle around the roots, 
nutrient compétition in the rhizosphere, 
or production of antimicrobial substan­
ces either by the mycosymbiont or by the 
host plant. The effectiveness of the fun­
gal symbiont for protecting against: root 
diseases varies with the mycorrhizal spe­
cies or isolate, host species, and soil 
conditions (Chakravarty and Unestam 
1986,1987a,b; Sampangi and Perrin 1985). 

The objectives of this study were to 
investigate the interactions between 
P. involutus, S, tomentosus, B. subtilis, 
and F. moniliforme alone or in combina-
tion in the rhizosphere of jack pine (Pinus 
banksiana Lamb.) seedlings and to eval-
uate the mechanism of protection as hy-
pothesized by Marx (1972, 1973) and Zak 
(1964). 

MATERIALS AND METHODS 

Organisms 
Jack pine seedlings were used in this 
study. The root pathogen F. moniliforme, 
isolated from diseased jack pine seed­
lings in a greenhouse at the Northern 
Forestry Centre (Edmonton, Alberta, 
lat. 53°30'N long. 114°30'W) was used 
throughout the experiment. Two species 
of ectomycorrhizal fungi, P. involutus and 
S. tomentosus (isolated from fruiting bod-
ies collected from Edmonton, and a soil-
inhabiting bacterium, B. subtilis (isolated 
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from forest soil collected near Hinton, 
Alberta, lat. 53°23' N long. 117°32' W) were 
evaluated. The culture of F. moniliforme 
was maintained on potato dextrose agar 
(PDA), B. subtilis on nutrient agar (NA), 
and P. involutus and S. tomentosus on 
modified Melin Norkrans' (MMN) médi­
um (Marx 1969). 

In vitro antagonism 
Antagonism between F. moniliforme and 
B. subtilis was studied on PDA in 90-mm 
diam plastic Pétri plates. Agar plugs 
(5-mm diam) with F. moniliforme were 
placed at the margin of the plate and 
allowed to grow at 20°C in the dark. After 
3 d, B. subtilis was streaked on the plate 
opposite the F. moniliforme coiony (4 cm 
apart). For the control, stérile distilled 
water was streaked on the plate opposite 
to the F. moniliforme coiony. The plates 
were incubated as described above. The 
inhibition zone was measured from the 
edge of the F. moniliforme coiony to the 
edge of the B. subtilis coiony after 3 d. 

For antagonism of P. involutus and 
S. tomentosus against F. moniliforme, 
5-mm-diam agar plugs of P. involutus 
and S. tomentosus (1-wk-old cultures) 
were placed separately at the margin of 
plates containing PDA, and allowed to 
grow at 20°C in the dark. After 7 d, a 
5-mm mycelial disk was removed from 
the PDA culture of F. moniliforme and 
placed on the plate opposite P. involutus 
and S. tomentosus (4 cm apart). For the 
control, 5-mm-diam stérile agar plugs 
were placed opposite to the F. monili­
forme coiony. The plates were incubated 
at 20°C in the dark. The inhibition zone 
was measured after 3-5 d and the myce-
lia of P. involutusand S. tomentosuswere 
observed under a microscope at a con­
tact point with F. moniliforme. 

Effect of culture filtrâtes of 
antagonists on spore germination 
of F. moniliforme 
Paxillusinvolutusand S. tomentosuswere 
grown in liquid MMN médium at 20°C in 
the dark in a shaker. After 10 d, the 
mycélium was harvested on a Whatman 
No.1 filter paper and ethyl acétate was 
added to the filtrate to extract polar 
metabolites. The resulting solution was 
stored at 5°C in the dark. Similarly, cul­
ture filtrate of B. subtiliswas prepared by 

growing it in 50 mL nutrient broth at 20°C 
in the dark in a shaker. After 36 h, the 
broth was filtered through a filter paper 
(5.5 |iim pore size) and the filtrate was 
extracted with ethyl acétate. A spore 
suspension of F. moniliforme was pre­
pared in saline solution (0.08% NaCI). A 
drop of the spore suspension of F. moni­
liforme was placed on a cavity slide and 
20 jiL of the culture filtrate of P. involutus, 
S. tomentosus or B. subtilis was added 
separately on the cavity slide containing 
spore suspension of F. moniliforme. The 
slides were incubated in a stérile moist 
chamber at 20°C for 6,12, and 24 h. Spore 
germination and formation of chlamy-
dospores of F. moniliforme were deter-
mined by examination under a micro­
scope. For each treatment, a total of 500 
spores were counted. 

Interactions of antagonists and 
F. moniliforme in the rhizosphere 
of jack pine seediings 
For this experiment, two Systems were 
used to grow P. banksiana seediings : a 
flask System and a tray System. 

Flask System 
Jack pine seeds were surface sterilized 
using 30% H202 for 30 min. Seeds were 
then washed 10 times with stérile dis­
tilled water and germinated in the dark 
on water agar. Erlenmeyer flasks 
(250 mL) were prepared byadding 100 mL 
vermiculite (pH adjusted to 5.0) and 
moistened with MMN liquid médium. The 
flasks were stoppered with a foam plug, 
wrapped with aluminium foil, and auto-
claved for 45 min at 121°C. Ten-day-old 
jack pine seediings were transferred into 
the flasks (one seedling per flask) under 
aseptic conditions. Seediings were inoc-
ulated with P. involutus, S. tomentosus, 
B. subtilis, and F. moniliforme. The con­
trol treatment was not inoculated with 
any fungal or bacterial inoculum. The 
following treatments resulted : i) P. invo­
lutus, \\) S. tomentosus, iii) B. subtilis, iv) 
F. moniliforme, v) P. involutus + F. moni­
liforme, vi) S. tomentosus + F. moni­
liforme, vii) B. subtilis + F. moniliforme, 
viii) P. involutus + B. subtilis + F. moni­
liforme, ix) S. tomentosus + B. subtilis + 
F. moniliforme, and x) control. A 5-mL 
spore suspension (105 spores mL1) of 
F. moniliforme was added using a stérile 
pipette to each flask except the control, 
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in the rhizosphere of jack pine seedlings. 
Control seedlings were inoculated with 
three 5-mm stérile MMN agar plugs and 
2 ml_ of stérile distilled water. The flasks 
were kept in a growth chamber under a 
photoperiod of 16 h (100 Limol m2 s1 

PAR, provided by fluorescent lamps) at 
20°C and randomized every 5 d. No fer-
tilizer or water was added to the flasks. 
There were 25 seedlings per treatment. 
Seedlings were harvested after 10 wk. 
Seedling mortality, shoot and root length, 
total biomass, and number of mycorrhizal 
short roots were determined for each 
seedling. 

Tray System 
Jack pine seeds were surface sterilized 
using 30% H202. Seeds were sown in a 
tray containing stérile vermiculite (pH 5.5) 
and inoculated with 5 g inoculum of 
P. involutusand S. tomentosus (grown in 
vermiculite). For the control, seeds were 
grown in trays containing stérile vermic­
ulite without P. involutus and S. tomen­
tosus inocula. The trays were kept in a 
growth chamber as described above. Ten-
day-old seedlings were transferred to 
plastic trays (18 cm x 45 cm x 15 cm) 
containing stérile moistened vermiculite. 
Twenty-five seedlings were planted in 
each tray. Two days later, seedlings were 
inoculated with a 24-h-old culture of 
B. subtilis by adding 1 ml_ cell suspen­
sion (2 x 106 cells ml_1) to the rhizo­
sphere of each seedling. Two days after 
inoculation with B. subtilis, seedlings were 
inoculated by adding 1 ml_ spore sus­
pension (105 spores ml1 ) of F. monili-
forme in the rhizosphere of each seed­
ling. The same 10 treatments as for the 
flask System were applied. There were 3 
trays per treatment. Trays were returned 
to the growth chamber and randomized 
every 5 d. Ten weeks later, seedlings were 
harvested. Seedling mortality, shoot and 
root length, total biomass, and number 
of mycorrhizal short roots were deter­
mined for each seedling. 

Population density of 
F. moniliforme in the rhizosphere 
of jack pine seedlings 
The dilution plate technique was used to 
détermine the population density of 
F. moniliforme in the rhizospheric ver­
miculite of jack pine seedlings. The ver­
miculite was diluted with stérile distilled 

water and spread evenly on PDA médi­
um. There were 25 replicates for each 
treatment. Plates were incubated at 20°C 
in the dark. Colonies of F. moniliforme 
were counted and identified after incuba­
tion for 4 d. The number of colonies per 
plate was multiplied by the dilution factor 
to obtain total concentration (no. g1) in 
vermiculite. 

Statistical analysis 
Data from ail the experiments were ana-
lyzed by one-way ANOVA using SAS 
software (SAS Institute Inc. 1990). The 
individual means were compared using 
Scheffé's test for multiple comparison 
after arcsine transformation (Zar 1984). 

RESULTS 

In vitro antagonism 
The growth of F. moniliformewas signif-
icantly inhibited when grown in dual 
culture either with B. subtilis or P. invo­
lutus. B. subtilis showed a greater inhib-
itory effectthan P. involutuson agar plate 
studies (Fig, 1). The growth of F. moni­
liforme was not affected when grown in 
dual culture with S. tomentosus. In addi­
tion, inhibition zones were observed with 
B. subtilis and P. involutus but not with 
S. tomentosus. When observed under a 
microscope, mycelia of P. involutus and 

40 y M RADIAL GROWTH H 

• INHIBITION ZONE I I 1 
P. involutus S. tomentosus B. subtilis CONTROL 

Figure 1. Inhibitory effect of Paxillus involutus, 
Suillus tomentosus, and Bacillus subtilis on 
radial growth and inhibition zone of Fusarium 
moniliforme on agar plates after 5 d 
incubation. 
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S. tomentosus or cells of B. subtilis did 
not penetrate the mycelia or spores of 
F. moniliforme. 

Effect of culture filtrâtes of 
antagonists on spore germination 
and chlamydospore formation of 
F. moniliforme 
The culture filtrâtes of P. involutus and 
B. subtilis significantly inhibited spore ger­
mination of F. moniliforme. The spore 
germination of F. moniliforme was 75% 
for controls whereas it was 30% when 
treated with culture filtrate of P. involutus 
and 41.4% when treated with culture fil­
trate of B. subtilis (Fig. 2). The spore 

12 

10 

• Spore germination ^ [ 

^ 80- • Chlamydospore formation 

a 
d a t 

• H \ Z • • 
O ' • • C 60-
< 1 1 
Z • • 2 1 b 1 ÛC 40- • • • LU u 

ç 1 1 1 
LU • • f ce • • O 20- • • 0- • • L CO 1 1 

P. involutus S. tomentosus B. subtilis CONTROL 

Figure 2. Effect of culture filtrâtes of Paxillus 
involutus, Suillus tomentosus and Bacillus 
involutus on spore germination and 
chlamydospore formation of Fusarium 
moniliforme. 

germination of F. moniliforme was not 
significantly reduced when treated with 
culture filtrate of S. tomentosus. The 
formation of chlamydospores of F. moni­
liforme was 10.6% when treated with 
culture filtrate of B. subtilisant only 4.3% 
when treated with culture filtrate of 
P. involutus. No chlamydospore forma­
tion was observed when treated with 
culture filtrate of S. tomentosus and non-
treated controls (Fig. 2). 

Effect of antagonists on jack 
pine seediing mortality and 
disease development caused 
by F. moniliforme 

Flask system 
Both P. involutus and B. subtilis signifi­
cantly increased survival of jack pine seed-
lings infected with F. moniliforme. 
F. moniliforme alone caused 84% seed­
iing mortality (Table 1). When co-inocu-
lated with P. involutus and B. subtilis, 
mortality of the seedlings was 20 and 
28%, respectively (Table 1). When both 
P. involutus and B. subtiliswere concom-
itantly inoculated with F. moniliforme, 
seediing mortality was 16% (Table 1). 
S. tomentosus did not increase survival 
of seedlings when co-inoculated with 
F. moniliforme. Shoot height, root length, 
and total biomass of the seedlings were 
similar to the control when inoculated 
with P. involutus, S. tomentosus or 
B. subtilis (Table 1). Mycorrhizal forma­
tion by P. involutus and S. tomentosus 

Table 1. Effect of Paxillus involutus (Pi), Suillus tomentosus (St), and Bacillus subtilis (Bs) on 
seediing mortality and disease development caused by Fusarium moniliforme (Fm) on jack pine 
grown in Erlenmeyer flasks 

No. of 
Seediing Shoot Root Total mycorrhizal 
mortality height length dry wt short roots 

Treatment (%) (cm) (cm) (mg) (%) 
Control 0 dt 3.5 a 2.2 ab 74.0 b 0 d 
Fm 84.0 a 1.0 c 0.6 c 10.3 e 0 d 
Bs 0 d 3.1 ab 2.5 a 82.0 a 0 d 
Pi 0 d 3.0 ab 2.4 a 85.0 a 52.2 a 
St 0 d 3.2 ab 2.3 a 86.0 a 51.5 a 
Bs + Fm 28.0 b 2.8 b 1.9 b 50.0 d 0 d 
Pi + Fm 20.0 c 2.8 b 2.4 a 57.0 c 35.0 b 
St + Fm 82.5 a 1.2 c 0.7 c 9.5 e 10.0 c 
Bs + Pi + Fm 16.0 c 2.8 b 2.3 a 60.0 c 30.0 b 
Bs + St + Fm 27.5 b 2.5 b 1.7 b 49.5 d 10.0 c 

t Means within a column followed by the same letter are not significantly différent (P= 0.05) 
according to the Scheffé's test. 
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was significantly decreased when seed­
iings were co-inoculated wi th F. monili­
forme (Table 1). 

Tray System 
As in the Erlenmeyerf lasks, both P. invo­
lutus and B. si/jbf/7/ssignificantly increased 
su rv i va l of seed i ings in fec ted w i t h 
F. moniliforme (Table 2). S. tomentosus 
did not increase survival of seediings 
when co-inoculated wi th F. moniliforme. 
Shoot height, root length, and total bio-
mass of the seediings were significantly 
higher when co-inoculated wi th F. moni­
liforme and P. involutus or B. subtilis than 
wi th F. moniliforme alone (Table 2). My-

corrhizal format ion by P. involutus and 
S. tomentosus was significantly reduced 
when seediings were co-inoculated wi th 
F. moniliforme (Table 2). 

Population density of 
F. moniliforme in the rhizosphere 
of jack pine seediings inoculated 
w i t h antagonists 
The c o l o n y f o r m i n g un i t s (cfu) of 
F. moniliforme were significantly reduced 
in both Erlenmeyer flasks and trays when 
inoculated wi th P. involutus or B. subtilis 
(Table 3). S. tomentosus did not reduce 
the numbers of cfu of F. moniliforme. 
However, no signif icant différence in 

Table 2. Effect of Paxillus involutus (Pi), Suillus tomentosus (St), and Bacillus subtilis (Bs) on 
seediing mortality and disease development by Fusarium moniliforme (Fm) of jack pine seediings 
grown in trays 

No. of 
Seediing Shoot Root Total mycorrhizal 
mortality height length dry wt short roots 

Treatment (%) (cm) (cm) (mg) (%) 
Control 0 et 3.5 bc 3.5 a 85.0 a 0 d 
Fm 76.0 a 2.0 d 0.5 d 12.3 c 0 d 
Bs 0 c 4.0 ab 2.0 c 80.0 a 0 d 
Pi 0 c 4.5 a 2.6 b 86.0 a 61.0 a 
St 0 c 4.0 ab 2.0 c 82.5 a 59.0 a 
Bs + Fm 24.0 b 3.0 c 2.0 c 58.0 b 0 d 
Pi + Fm 20.0 b 3.5 bc 2.6 b 60.0 b 30.0 b 
St + Fm 75.0 a 2.2 d 0.6 d 13.0 c 10.5 c 
Bs + Pi + Fm 20.0 b 3.8 bc 2.6 b 65.0 b 30.2 b 
Bs + St + Fm 25.0 b 3.2 c 2.0 c 57.0 b 10.0 c 

t Means within a column followed by the same letter are not significantly différent (P 
according to the Scheffé's test. 

0.05) 

Table 3. Population density of Fusarium moniliforme (Fm) in the rhizosphere of jack pine 
seediings inoculated with Paxillus involutus (Pi), Suillus tomentosus (St), and Bacillus subtilis 
(Bs) 

Population density of Fusarium moniliforme 
(cfut) 

Treatment Erlenmeyer flask Tray System 

Control 
Fm 
Bs 
Pi 
St 
Bs + Fm 
Pi + Fm 
St + Fm 
Bs + Pi + Fm 
Bs + St + Fm 

0 c§ 
4.0 a 
0 c 
0 c 
0 c 
2.0 b 
2.2 b 
3.9 a 
2.2 b 
2.0 b 

0 
4.0 
0 
0 
0 
2.1 
2.4 
3.7 
2.0 
2.2 

t Colony forming units. 
§ Means in a column followed by the same letter are not 

according to the Scheffé's test. 
significantly différent (P = 0.05) 
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numbers of cfu of F. moniliforme was 
observed when seedlings were inoculat-
ed with P. in vol ut us + B. subtilis + 
F. moniliforme and S. tomentosus + 
B. subtilis + F. moniliforme (Table 3). 

DISCUSSION 

In our study, the mycélium of P. involutus 
orcellsof B. subtilisdid not penetratethe 
mycélium or spores of F. moniliforme. 
The formation of dormant spores was 
observed when F. moniliforme was treat-
ed with culture filtrate of P. involutus. 
When jack pine seedlings were inoculat-
ed with P. involutus, it was observed that 
not only the mantle-covered short-root 
tips of jack pine were protected, but also 
the long tap roots without a mantle were 
protected against F. moniliforme. Many 
short roots without a mantle were also 
protected, while the roots not inoculated 
with P. involutuswere susceptible. Thus, 
the mantle barrier hypothèses cannot 
explain the mechanism of protection. Our 
in vitro studies suggest that P. involutus 
produced inhibitory substances in the 
liquid médium which was toxic to 
F. moniliforme. Suillus tomentosus, on 
the other hand, did not produce sub­
stances that are inhibitory to F. monili­
forme. 

Several authors hâve reported that 
disease suppression by ectomycorrhizal 
fungi is associated with plant-produced 
antimicrobial substances (Chakravarty 
and Hwang 1991; Chakravarty and Unes-
tam 1986, 1987a,b; Duchesne et al. 
1987a,b, 1988, 1989a,b; Sampangi and 
Perrin 1985; Sylvia and Sinclair 1983a,b). 
Suppression of F. mon/7/ïorme damping-
off by P. involutus likely results from the 
production of antifungal compounds by 
P. involutus or production of antimicro­
bial compounds by the plant. 

The number of cfu of F. moniliforme 
was significantly reduced in the rhizo-
sphere of jack pine seedlings inoculated 
with P. involutus. This indicates that 
P. involutus produced antifungal sub­
stances in the rhizosphere of jack pine 
seedlings that limited the numbers of cfu 
of F. moniliforme. It has been suggested 
by several authors that ectomycorrhizae 
produce solvent-extractable volatile com­
pounds which can inhibit several root 

pathogens (Graham and Linderman 1980; 
Krupa and Fries 1971; Krupa and Nylund 
1972; Krupa et al. 1973; Schisler and 
Linderman 1989a,b). The production of 
volatiles by ectomycorrhizal fungi may 
be deleterious to several species of Fusar­
ium (Chakravarty et al. 1991; Schisler and 
Linderman 1989b; Stack and Sinclair 
1975). The formation of ectomycorrhizae 
on jack pine seedlings was also reduced 
when challenged with F. moniliforme. 
This suggests that F. moniliforme also 
produced antifungal compounds in the 
rhizosphere of jack pine seedlings that 
inhibited ectomycorrhiza formation by P. 
involutus. Chakravarty et al. (1991) made 
similar observations with several root 
pathogenicfungi including Fusariumspp. 

As with P. involutus, B. subtilis also 
significantly inhibited in vitro growth of 
F. moniliforme and reduced mortality of 
jack pine seedlings. B. subtilis is known 
to be an active antagonistic bacterium 
against several root pathogens (Broad-
bent et al. 1971; Gordon et al. 1973; Hall 
and Davis 1990; Pusey et al. 1988; Singh 
and Deverall 1984; Utkhede and Shol-
berg 1986). The bacterium protects 
against or prevents root pathogens by 
secreting antimicrobial substances includ­
ing several antibiotics such as bacilysin, 
fengymycin, bacitracin, bacillin, bulbi-
formin, mycosubtilin, and subtilin (Loef-
fler et al. 1986; Vanittanakom et al. 1986). 
In this study, B. subtilis significantly in­
hibited the in vitro growth of F. monili­
forme. The culture filtrate of B. subtilis 
strongly inhibited spore germination but 
stimulated chiamydospore formation of 
F. moniliforme. Similar observations were 
also reported by Singh and Singh (1983). 
Our in vitro study indicates that inhibition 
of growth of F. moniliforme and forma­
tion of chlamydospores was related to 
the production of antifungal compounds 
by B. subtilis. The bacterium also reduced 
seedling mortality and decreased the 
population density of F. moniliforme in 
the rhizosphere of jack pine seedlings. 

The biological protection provided by 
B. subtilis in this study was similar to that 
of P. involutus. When P. involutus and 
B. subtilis were co-inoculated, the effec-
tiveness of both thèse organisms, how-
ever, remained the same. P. involutus 
and B. subtilis, on the other hand, did not 
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show any inhibitory effect against each 
other. This suggests that thèse two or-
ganisms are compatible and can function 
in the présence of each other. In this 
study, P. involutus did not reduce the 
effectiveness of B. subtilis and vice versa. 
Thus P. involutus and B. subtilis are 
potentially compatible for biological pro­
tection against F. moniliforme damping-
off of jack pine. In this integrated System, 
both P. involutus and B. subtilis could 
provide protection at t imes when envi-
ronmental factors are not favourable for 
the act iv i ty of either P. involutus or 
B. subtilis. S. tomentosus is not consid-
ered a potential candidate for biological 
control of F. monilifome. Further field 
studies are in progress to détermine the 
effectiveness of P. involutus and B. sub­
tilis and their interactions wi th other soil 
microorganisms, pathogens, and natu-
rally occurring mycorrhizal fungi . 
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