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Abstract We studied the viability of fragmented myce-
lium of Pisolithus tinctorius and Paxillus involutus en-
trapped in calcium alginate gel to determine the effica-
cy of this method of producing ectomycorrhizal fungus
inoculum. Fungi were grown in MMN solution at 28 °C
before being fragmented in a blender and subsequently
entrapped in calcium alginate. We tested different ra-
tios of alginate and mycelium suspension to 0.7 M
CaCl,. The ratio 8:10 resulted in well-formed beads of
the highest viability for Paxillus involutus (99%) and
for Pisolithus tinctorius (75% ). Paxillus involutus myce-
lium was more than 90% viable when entrapped myce-
lium was 10 to 50 days old, and Pisolithus tinctorius at-
tained its highest viability (55%) for 20- to 40-day-old
mycelium. Gel entrapped Paxillus involutus mycelium
grew well at all temperatures after 30 days of storage,
but viability significantly decreased after 60 days stor-
age at 6 °C on dry filter paper. For gel-entrapped Pisol-
ithus tinctorius mycelium, viability was highest when
stored at 25°C in 0.7 M CaCl,. Entrapment of Paxillus
involutus fragmented mycelium in calcium alginate
beads under the conditions that we propose can be
used successfully to produce inoculum.
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Introduction

The mutualistic association of ectomycorrhizal fungi
(EM) with roots of many forest trees is essential for
plant health and nutrition (Molina and Trappe 1982).
Moreover, artificial inoculation with EM fungi can gua-
rantee uniformity in producing healthy seedlings even
if natural inoculum is present (Marx 1991).

The most-recommended form of inoculum of se-
lected EM fungi is vegetative mycelium (Marx 1991).
The mycelium can be slurried (Boyle and Robertson
1987) and grown in a mixture of vermiculite and sphag-
num (Marx et al. 1982, 1984), or may be entrapped in a
polymeric gel such as calcium alginate (Le Tacon et al.
1985). The latter has proven to be a promising method
of EM inoculum production for some species of Hebel-
oma (Le Tacon et al. 1985; Mauperin et al. 1987) and
Laccaria (Mortier et al. 1989). However, care must be
taken to guarantee the quality and viability of the ino-
culum (Mauperin et al. 1987). Temperature and humid-
ity are important factors that need special attention
during bead storage (Le Tacon et al. 1985; Mauperin et
al. 1987; Kuek et al. 1992).

Even though Pisolithus tinctorius inoculum has been
commercially produced in vermiculite and sphagnum
(Marx et al. 1982, 1984), we found no published infor-
mation on Pisolithus tinctorius or Paxillus involutus
mycelium entrapped in alginate gel. Our work was de-
signed to find the best technique to maintain high via-
bility of fragmented mycelia of Pisolithus tinctorius and
Paxillus involutus entrapped in a calcium alginate gel.
We investigated the effects of the ratio of alginate and
mycelium suspension to CaCl,, age of entrapped myce-
lium, and storage conditions on fragmented mycelium
viability.

Materials and methods

Pisolithus tinctorius (Mich.: Pers.) Coker and Couch (Pt 90A) was
obtained from the collection of the Laboratory of Mycorrhizal
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Associations (BIOAGRO, Department of Microbiology, Federal
University of Vigosa, Vigosa, Brazil) and Paxillus involutus
(Batsch.: Fr.) Fr. and Hebeloma crustuliniforme (Bull.: St. Am.)
Quél. from the collection of the Laboratory of Forest Mycology,
INRA (Nancy, France). The latter fungus was used only as a con-
trol in a storage condition test. We grew the fungi in 50 ml of
modified Melin-Norkrans (MMN) liquid medium (Marx 1969) in
125-ml Erlenmeyer flasks incubated at 28 °C. Each flask was ino-
culated with five agar discs (6-mm diameter) containing mycelium
taken from the edge of a colony grown on MMN agar for 20 days.
After incubation for different periods, 5 g of fresh mycelium was
washed, resuspended in 200 ml of sterile water, and fragmented in
a blender by four successive 1-s pulses. We added an equal vol-
ume of sodium alginate at a concentration of 2% (Mauperin et al.
1987) to the suspension of fragmented mycelium, and this mixture
was dropped into a 0.7 M CaCl, solution where beads of approxi-
mately 4 mm diameter formed. Beads were left in the 0.7 M CaCl,
to cure/polymerize for 45 min at room temperature (Mauperin et
al. 1987).

Volumetric proportion of alginate and mycelium suspension to
0.7M CaCl,

To verify the best volumetric proportion of alginate and myce-
lium suspension to 0.7 M CaCl,, suspensions of fragmented 23-
day-old mycelium of Pisolithus tinctorius and Paxillus involutus
were dropped into 0.7 M CaCl, in the following volumetric pro-
portions: 10:10, 8:10; 6:10; 4:10; 2:10, and 1:10. After 45 min of
curing, 100 beads were transferred to 4 MMN agar plates, with 25
beads/plate; each treatment was replicated 3 times. The number
of colonies formed from beads after 18 days incubation at 28 °C
was used to determine the percent viability of mycelium in the
beads.

Age of entrapped mycelium

To investigate the effects of culture age on viability, mycelia of
Pisolithus tinctorius and Paxillus involutus that were 10, 20, 25, 30,
40, 50, or 60 days-old were entrapped in calcium alginate beads.
In this experiment, the proportion of alginate and mycelium sus-
pension to 0.7 M CaCl, was 8:10. One hundred beads were used
to determine the percent viability of the entrapped mycelium as
before with 3 replicates per treatment. We measured residual glu-
cose remaining in the MMN medium of the source liquid cultures
by the Merck GOD-PAP method at intervals during growth of
the mycelia that were to be fragmented.

Storage conditions

To test the effects of storage conditions on mycelium viability in
cured beads, we produced beads as before in 8:10 alginate and
mycelium suspension:0.7 M CaCl, for H. crustuliniforme, Pisoli-
thus tinctorius and Paxillus involutus that were 33, 36, and 40 days
old, respectively. One hundred beads were stored per Petri plate
in either 3.5 ml of water, 3.5 ml of 0.07 M CaCl,, or on dry filter
paper. We sealed the plates with parafilm, and incubated them at
either 6 °C or 25°C. After 30 and 60 days, 25 beads of each com-
bination were placed on 4 replicate MMN agar plates. We used
the number of colonies formed from the beads after 28 days incu-
bation at 28°C to determine the viability of the mycelium they
contained.

Statistical analysis

We analyzed our viability data after arcsine transformation of
percentages by analysis of variance and post-hoc Tukey test. We
determined statistical significance by a=0.05. We analyzed the
data for residual glucose remaining in the liquid MMN medium
used for mycelium production by curvilinear regression.

Results

Volumetric proportion of alginate and mycelium
suspension to 0.7 M CaCl,

The best ratios of alginate and mycelium suspension to
0.7 M Ca(l, for gel entrapment were 10:10 and 8:10.
These resulted in approximately 99% viability for Pax-
illus involutus, and 55% and 75%, respectively, for Pi-
solithus tinctorius (Fig. 1). Ratios of 6:10, 2:10, and
1:10 affected the viability of both fungi, reducing it on
average to 50% for Paxillus involutus and 30% for Pi-
solithus tinctorius.

Age of entrapped mycelium

Paxillus involutus consistently showed more than 90%
viability when the mycelium used for fragmentation
had been grown for 10 to 50 days (Fig. 2). Pisolithus
tinctorius attained an average 55% viability when its
mycelium was 20 to 40 days old (Fig. 2). After 40 days,
viability of Pisolithus tinctorius mycelium in calcium al-
ginate dropped to 10%. In the liquid medium on which
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Fig. 1 Viability of fragmented mycelium of Pisolithus tinctorius
and Paxillus involutus entrapped in calcium alginate beads
formed at different ratios of alginate and mycelium suspension to
0.7 M CaCl,. Within a species, bars topped by the same letter do
not differ significantly at P=0.05 (Tukey HSD test)

120 4

100 -

W P. involutus

80 - OP. tinctorius

60 -

Viability (%)

40

20 -

40 50 60
Age of Entrapped Mycelium (Days)

10 20 25 30

Fig. 2 Viability of mycelial fragments of Pisolithus tinctorius and
Paxillus involutus of different ages entrapped in calcium alginate
beads. Within a species, bars topped by the same letter do not
differ significantly at P=0.05 (Tukey HSD test)



we grew the mycelia to be fragmented, Paxillus involu-
tus utilized glucose faster than did Pisolithus tinctorius
(Fig. 3), reflecting the rapid growth of Paxillus involu-
tus.

Storage conditions

Hebeloma crustuliniforme had 100% viability after 60
days of storage under all conditions. Mycelium of Paxil-
lus involutus was highly viable under tested conditions
with the exception of alginate bead-entrapped myce-
lium stored on dry filter paper at 6°C for 60 days
(Fig. 4A). For Pisolithus tinctorius, storage in 0.07 M
CaCl, solution at 25°C was best (Fig. 4B). We did not
determine the viability of Pisolithus tinctorius in algi-
nate beads stored on dry filter paper.

Discussion

Mauperin et al. (1987) suggested that prolonged expo-
sure to calcium ions increases polymerization, improves
bead stability, and thereby enhances viability of entrap-
ped mycelium. From our work, however, it seems that a
high concentration of CaCl, does not substitute for pro-
longed exposure. Both fungi that we tested were sensi-
tive to high concentrations of CaCl, (Fig. 1). Abundant
calcium ions at high proportions of CaCl, may have
reacted with L-guluronic components of alginic acid,
and may have caused excessive polymerization. Such a
situation would be deleterious because it would dimin-
ish pore formation in the alginate beads (Cheetham
and Bucke 1984). High concentrations of calcium ions
may also have affected the stability of fungus mem-
branes, thereby altering fungus physiology during stor-
age (Griffin 1994). Although the viability of frag-
mented mycelium in our experiment was similar for

yi=0.8676-0.0692x+0.0003x> R’<0.893
yii=(1.647-0.061x+0.0006x%)> R’=0.978
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Fig. 3 Best fit regression curves of residual glucose in the MMN
liquid medium used to produce mycelium for entrapment in algi-
nate beads of Pisolithus tinctorius (solid line; yi) and Paxillus in-
volutus (dashed line; yii) as a function of time of growth in the
medium
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high ratios (10:10 and 8:10) of alginate and mycelium
suspension to 0.7 M CaCl, (those with low concentra-
tions of calcium ions), the beads formed at 8:10 were
better polymerized and more uniform in size and shape
than those formed at 10:10. Therefore, we used the
8:10 ratio in subsequent experiments.

The viability of Paxillus involutus mycelium de-
clined after 60 days growth in culture prior to entrap-
ment in beads (Fig. 2), a full 20 days after having ex-
hausted glucose in the medium (Fig.3). Mycelium of
Pisolithus tinctorius had only about 25% viability after
10 days growth (Fig.2). At that time, residual glucose
in the MMN medium was 2.5 g/l (Fig.3), suggesting
that the fungus had not begun vigorous growth. The
viability of Pisolithus tinctorius was relatively high after
20-40 days growth prior to entrapment, but then dimin-
ished markedly after 50 days (Fig.2). This decreased
viability was in accord with residual glucose in the me-
dium which was practically nil after 50 days (Fig. 3).
Thus, the age of mycelium at entrapment can affect the
viability of mycelium in alginate beads. It is necessary
to determine the appropriate age of mycelium to be
fragmented and entrapped, because this can also affect
the efficiency of mycorrhiza formation (Littke et al.
1980; Marx 1981; Lapeyrie and Bruchet 1985).
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Fig. 4 Viability of entrapped mycelia of Paxillus involutus (A)
and Pisolithus tinctorius (B) stored on dry filter-paper (FP), in
0.07 M CaCl, (CC) or in sterile water (SW), at 6 °C or 25 °C for 30
days (M) and 60 days (OJ). Bars topped by the same letter do not
differ significantly at P=0.05 (Tukey HSD test)
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Hebeloma crustuliniforme, which we used as a con-
trol, was 100% viable for all temperatures and storage
conditions that we tested. Our results agree with those
of Mauperin et al. (1987), who showed that this fungus
had very high survival and could be stored at 4°C for
up to 5 months.

Although Lapeyrie and Bruchet (1985) and Hung
and Molina (1986) suggested that storage of mycelium
in vermiculite and sphagnum at low temperature results
in higher viability than storage at room temperature,
entrapped mycelium of Paxillus involutus in our experi-
ment had highest viability when stored at 25°C
(Fig. 4A). Similarly, survival of Pisolithus tinctorius en-
trapped in calcium alginate beads was best when stored
in 0.07M CaCl, at 25°C (Fig. 4B). Although storage
dishes were sealed with parafilm, best viability with
storage at 25°C may have been a consequence of par-
tial desiccation of beads stored at 6°C. Humidity can
affect the viability of fragmented mycelium entrapped
in alginate beads (Le Tacon et al. 1985). After 60 days
at 6°C, the best storage conditions for Paxillus involu-
tus were in either distilled water or 0.07M CaCl,
(Fig. 4).

In all of our experiments, Paxillus involutus had
higher viability than Pisolithus tinctorius, suggesting
that the former fungus is more resistent to fragmenta-
tion and entrapment than the latter. Mycelium of Paxil-
lus involutus produced many structures that appeared
to be clamydospores, which may have contributed to its
high viability. The sensitivity of Pisolithus tinctorius to
fragmentation may result from the low frequency and/
or fragility of septa in hyphae. If septa are disrupted
during fragmentation of mycelium, cell contents will be
lost and viability diminished.

Our study shows that entrapment of Paxillus involu-
tus fragmented mycelium in calcium alginate beads can
be successfully used for inoculum production under the
conditions proposed in this study. However, Pisolithus
tinctorius does not show such promise.
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