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Abstract Large-scale exploitation of the potential
benefits of ectomycorrhizal fungi in improving
plantation yields means that fermentation techniques for
these fungi will be required. Starting with a base
performance on a rich, complex medium, the effect of
variations in some physicochemical culture parameters
on biomass yield was studied. It was possible to reduce
the amount of phosphate salts (to 1/9th) and other
ingredients (to 1/3rd) in the medium. A shaking speed
of either 100 or 200 r.p.m. in an orbital incubator was
satisfactory and biomass yield responded to an increase
in carbon substrate (glucose, from 10 and 20 g I*)
though Yyys declined. An increase in inoculum size
shortened culture time but decreased biomass yield. The
upper limit in incubation temperature was between 25°
and 30°C. Biomass yields of about 12 g I DW (Yy/s =
0.63) when supplied 20 g L™ glucose, and about 7 g I'*
(Yy/s = 0.74) when supplied 10 g I™* glucose.

Introduction

Ectomycorrhizal ~ fungi  form  structures  called
ectomycorrhiza on the roots of many economically
important trees such as pine, spruce, beech and
eucalypts (Ruehle and Marx 1979; Warcup 1980).
Ectomycorrhiza can increase the growth of host plants
by increasing their uptake of nutrients from the soil
(Harley and Smith 1983). Ectomycorrhizal fungi are
important for the growth and survival of eucalypts
(Bowen 1973; Malajczuk et al. 1975; Warcup, 1980).
The eucalypt is an important plantation tree genus with
over 7 million hectares planted world-wide (Cameron
and Penna 1988). In Australia, a detailed study has
advocated a change from reliance on native forests for
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eucalypt hardwoods to supply from plantations
(Cameron and Penna 1988). Thus, there have been
numerous studies on the manipulation of the

ectomycorrhizal symbiosis in eucalypts in order to
extract an advantage in plantation economics (Grove
and Malajczuk 1994; Garbaye et al. 1988; Bougher et
al. 1987; Abouelkhair et al. 1986). It is now clear that
for many plantation tree species, inoculation at the
seedling stage with an appropriate ectomycorrhizal
fungus results in faster tree growth.

Apart from quantitative studies on the
enhancement of tree growth attainable with
ectomycorrhizal fungi, appropriate technology for the
mass culture of the fungi as inocula must be developed
so that inoculation becomes an exercisable management
option. Various forms of inocula are currently available
or advocated. These include spore inocula (Marx et al.
1984), inocula produced by solid substrate culture
(Marx and Kenney 1982; Le Tacon et al. 1988),
mycelial slurries (Boyle et al. 1988; Gagnon et al.
1988), and encapsulated pre-grown mycelium (Le
Tacon et al. 1985; Mauperin et al. 1987; Deacon and
Fox 1988). Deficiencies in the efficacy, physical form
and manufacturing processes for the inocula forms
currently available are revealed when they are assessed
using criteria for efficacious and practical inocula
which have been proposed (Tommerup et al. 1987). The
use of fermentation techniques will enable inocula of
higher quality to be produced.

Inocula produced by the submerged aerobic culture
of mycelia immobilized within hydrogel beads has been
found to be of high efficacy (Kuek et al. 1992). The
production process for hydrogel bead inocula requires
the ability to culture mycelium in both free and
immobilized states. This is because free mycelium is
used as a source of propagules for the production of
mycelia immobilized in the hydrogel. Thus, the
development of cultural conditions for ectomycorrhizal
fungi in submerged aerobic culture is a necessary step
towards the production of hydrogel bead inocula.
Nutritional studies on the culture of ectomycorrhizal
fungi (e.g. Ahmad et al. 1990; Ohta 1990) provide
important information in one of two areas required for
their successful mass culture. The other area is that of
basic fermentation data such as time-parameter profiles
for key indicators such as biomass, residual carbon, and
pH. Fermentation techniques have been discussed




(Harvey et al. 1988; Harvey 1991), and assorted data
from the submerged aerobic culture of various fungi are
available (Litchfield and Arthur 1983; Le Tacon et al.
1985; Sasek 1989; Pradella et al. 1990). On the other
hand, some papers refer to mycelial production via
fermentation techniques but provide little or no
information on either yield or methodology (e.g.
Kropacek et al. 1989). A good fermentation is one
where all the major substrates are consumed; there is
efficient conversion of substrate to product, and a high
yield is obtained in the minimum time. Thus, the
attainment of a good fermentation can be determined by
how much substrates are provided in relation to actual
requirement and by the conditions of the fermentation.
When a fungus is liquid cultured for the first time, it is
common to provide a medium which is more than
adequate in substrate composition and quantity.
Similarly, the physical conditions such as agitation and
aeration are set high so that they are not a limiting
factor. Given such a start, the probability of success
with the first culture of the fungus is enhanced.
However, in industrial microbiology success in culture
often also means the minimization of production inputs
or the increase in fermentation efficiency. This paper
reports the effects of the sequential manipulation of
glucose concentration, shaking speed, incubation
temperature, and minimization of added phosphate and
non-phosphate nutrients on the growth of an
ectomycorrhizal fungus in shake flask culture.

Materials and methods

Fungus

The culture used was Laccaria laccata (Scop. ex Fr.) Berk. &
Br. E439 from the culture collection of the Commonwealth
Scientific and Industrial Research Organisation’s Division of
Forestry, Perth, W. Australia. In plate culture, the solid
medium used was modified Melin-Norkrans agar (Marx
1969) and incubation was at 25°C.

Growth medium

The initial medium used in shake flask culture was the same
as one previously used for ectomycorrhizal fungi (Litchfield
and Arthur 1983) except for the amount of glucose used. It
comprised (g I"1), peptone (Difco), 10.0; yeast extract
(Difco), 2.0; NH4NO3, 3.0; KHoPOy, 2.38; KoHPO,, 5.65;
MgS04.7H20, 1.0; CuSO4.5H,0, 0.0064; FeSO4.7H50,
0.0011; MnCl.4H0, 0.0019, ZnSO4.7H50, 0.0015. Glucose
at desired concentrations was added prior to autoclaving.
Variations of this formulation were tested as indicated in
Table 1. In the case of the phosphate salts, reductions where
mentioned, were made equally of both.

Sterilization
Media and apparata were autoclaved at 121°C for 15 min.

Production of inoculum for shake flask culture proper.

Colonies were established on agar plates. On each 9 cm
modified Melin-Norkrans agar plate, 3 colonies of the fungus
were established until they were 2 - 3 cm in diameter. From
three plates, agar plugs (approximately 0.5 by 0.5 cm) were
removed from the edges of all the colonies and placed in one
250 mL screw-capped Erlenmeyer flask containing 50 mL of
Growth Medium with the same glucose concentration as that
in the following steps. The loosely capped flasks were
incubated for 7 days in

Table 1 The sequence of examination of the effects of some physicochemical parameters on shake flask

culture of Laccaria laccata E439.

Sequence Medium Inoculum size Incubation
(Run Number) AddedPOs  Non-po, — Glucose (% Vi) Shaking speed  Temperature
salts ingredients (@ 1) (rpm) (°C)
1 1 1 10 4 200 25
2 1/9 11 10 4 200 25
3 1/9 171 10 4 100 25
4 1/9 171 20 4 100 25
5 1/9 11 20 10 100 25
6 1/9 171 20 4 100 20, 30
7 1/9 13 20 4 100 25
8 1/9 1/6 20 4 100 25
9 1/9 1/9 20 4 100 25

a gyratory incubator (New Brunswick Scientific, Innova
4330) at 25°C and 200 r.p.m. The contents of each flask,
singly or in combination, were homogenized for 10 seconds
in a sterile, sealed homogenizer (Sorvall Omnimix).

Shake flask culture

Homogenate from the previous step was used to inoculate
new 250 mL screw-capped Erlenmeyer flasks at the rate of 2
mL of inoculum to 48 mL of Growth Medium (2% v/v
inoculum) except where indicated (5% v/v inoculum). These
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flasks were incubated as described above at the temperature
and shaking speed indicated in Table 1. At each sample time,
the entire contents of 3 replicate flasks were filtered
(Whatman No. 1 paper). The pH and concentration of
residual glucose (using Sigma Glucose Test Kit No. 510-A)
in the filtered culture liquor was then determined. The
recovered biomass was washed with 3 volumes of D.I. water
and then dried at 80°C until constant weight was achieved.

to be suitable in that glucose was completely consumed and

Results

The cultures were characterized by the measurement of
residual glucose, biomass yield and pH through the
course of the fermentation. The initial medium
formulation used proved
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Fig.1  Run 1. The initial indicator profiles for a shake flask
culture of Laccaria laccata E439 using a complex medium.
Conditions: PO4 salts at original concentration; Non-PO4 nutrients at
original concentrations; glucose 10 g I*%; inoculum size 4% (v/v);
shaking speed 200 rpm; temperature 25°C.

to be suitable in that glucose was completely consumed
and culture pH held steady (Fig. 1).

The biomass accumulation curve was a reciprocal of
the glucose curve. Mycelium grew in both filamentous
and pellet form, and the color of the culture became
darker as the culture progressed. In the following run,
the added phosphate content of the medium was
reduced to 1/9th of the original. The reduction in
phosphate concentration did not significantly affect the

glucose consumption and biomass accumulation
profiles (Fig. 2). However, the medium had a reduced
buffering capacity and a reduction in pH of about 1.25
units accompanied glucose consumption.  After
exhaustion of glucose, culture pH rose by about two
units even though the culture was already in the plateau
phase of growth. Subsequent reduction of shaking
speed from 200 to 100 r.p.m. did not appear to alter the
glucose consumption, biomass accumulation and pH
profiles of the culture (Fig. 3). At the lower shaking
speed, when the amount of glucose supplied was
doubled to 20 g I*, again the shape of the glucose
consumption and biomass accumulation profiles were
not significantly altered (Fig. 4). However, the final
yield of biomass was increased by about 1.7
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Fig.5 A comparison of the yield coefficients (Yy/) in shake
flask culture of Laccaria laccata started with 10 g I'* (Run 3) or 20 g
It (Run 4) of glucose.

Fig. 6  Run 5. A repeat of Run 4 with the inoculum size increased
from 4 to 10% (v/v). Other conditions: 1/9th POs salts; Non-POs
nutrients at original concentrations; glucose 20 g I'*; shaking speed
100 r.p.m.; temperature 25°C.

Fig.7 A comparison of the yield coefficients (Yy/) in the
exponential phases of shake flask cultures of Laccaria laccata
started with 4 or 10% (v/v) inocula
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Fig. 8 Run 6. Repeats of Run 4 at 20° and 30°C. Other conditions:
1/9th POs4 salts; Non-POs nutrients at original concentrations;
glucose 20 g I'; shaking speed 100 rpm

times (compared to the previous run) without affecting
the time to attainment of maximum biomass. A
comparison of the yield coefficient (biomass produced
to glucose consumed, Yy/s) showed that although
biomass

Fig. 9. Run 7 A repeat of Run 4 with the concentration of non-
phosphate nutrients in the medium reduced to 1/3rd of the original.
Other conditions: 1/9th PO4 salts; glucose 20 g I'%; shaking speed
100 r.p.m.; temperature 25°C.
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yield was higher when 20 g I'* of glucose was supplied,
Yy/s Was smaller at all stages of the culture (Fig. 5).

An increase in inoculum size from 4 to 10% resulted
in a shift of the glucose consumption, biomass
accumulation and pH profiles to the left on the X axis
by about one day i.e. the culture was completed earlier
(Fig. 6). The use of the larger inoculum size resulted in
a 15% decrease in the final biomass vyield. A
comparison of the yield coefficients in the exponential
phases of the 4% and 10% inoculated cultures revealed
consistently lower values when 10% inoculum was used
(Fig. 7). Biomass accumulation profiles at incubation
temperatures of 20°C and 25°C were similar (Fig. 8).
However, at 30°C, little growth resulted. The reduction
in non-phosphate nutrients to 1/3 and 1/6th levels
resulted in reductions in final yields by about 15 and
25% respectively compared to the 1/9th level (Fig. 9
and 10 compared with Fig. 4). Further , the lag phase
appeared to be shorter with use less non-phosphate
ingredients. Reduction of the non-phosphate nutrients to
1/9th level resulted in the loss of the characteristic
biomass accumulation and glucose consumption
profiles (Fig. 11). When the pH profiles of all the runs
are viewed collectively, Laccaria laccata appears to be
capable of growing in a pH range of 2.8 - 6.5.
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Fig. 10. Run 8. A repeatoef/fRun 4 with the concentration of
non-phosphate nutrients in the medium reduced to 1/6th of
the original. Other conditions: 1/9th PO, salts; glucose 20 g I
1, shaking speed 100 rpm; temperature 25°C.

Fig. 11. Run 9. A repeat of Run 4 with the concentration of
non-phosphate nutrients in the medium reduced to 1/9th of
the original. Other conditions: 1/9th POy salts; glucose 20 g
I*; shaking speed 100 rpm; temperature 25°C.

Discussion

The initial medium used proved satisfactory for the
shake flask culture of Laccaria laccata. The complete
consumption of glucose must have meant that the other
medium substrates were adequate in composition and
quantity. The buffering capacity of the medium was
proved to be good by later data which showed pH
swings in contrast to the stability found in the first run.
The first manipulation made in the culture conditions
was the reduction in the concentration of added
phosphate. This was desired because of the requirement
in later work to culture the fungi as immobilized
mycelia in calcium alginate. The presence of high
concentrations of phosphates can dissolve calcium
alginate and is thus a situation to avoid. Further, other
studies have found that the formation of ectomycorrhiza
and their functioning are diminished at high
concentrations of soil phosphate (Beckford et al. 1985;
Shaw et al. 1987; Bougher et al.1990). Therefore,
ectomycorrhizal fungi should be cultured at the lowest
possible concentration of phosphate so that they are
well adapted to the lower soil phosphate concentrations
that will apply in the use of mycorrhizal technology.
The lowering of amount of phosphate salts to 1/9th the
original was made on the basis of a previous study
where that amount of phosphate (5.56 mM) was found
to be compatible with growth of both free (Kuek and
Armitage 1985) and alginate-immobilized fungal
mycelia (Kuek 1991). The reduction of phosphate to
1/9th level not appear to significantly affect biomass
production although there appeared to be a 10%
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increase in yield with reduced phosphate concentration
when 10 g I glucose was supplied. This may indicate a
sensitivity of the culture to inorganic phosphate.
Laccaria laccata appears capable of growing in the
range 5.56 - 50 mM phosphate (the actual range will be
higher than this when the phosphates which would be in
the other ingredients peptone and yeast extract are
accounted for). The reduction in phosphate
concentration resulted in a loss of buffering capacity in
the medium (compare Fig. 1 with Fig. 2 et seq.). This
loss of buffering capacity was not significant because it
did not affect the cultures’ ability to completely exhaust
glucose. With the depletion of glucose, culture pH rose
back up past the initial values probably due to the use of
alternative substrates by the biomass for maintenance
energy which may have resulted in either the removal
of the acids produced earlier and/or the production of
basic compounds. It is clear from Run 4 that 1/9th the
original of added phosphate was in excess of
requirements in the runs with 10 g I'* glucose. This is
because in Run 4 reciprocal production of biomass
accompanied the complete exhaustion of the 20 g I of
glucose supplied (Fig. 4). Thus, phosphate was not the
limiting nutrient it would be if 1/9th concentration was
inadequate.

Since the reduction of the added phosphate
concentration to 1/9th level proved possible without
affecting biomass productivity and yield, it should
follow that the non-phosphate nutrients can also be
reduced accordingly. The finding that the non-
phosphate nutrients cannot be reduced by the same
proportion as the phosphate salts says that the original
medium formulation (Litchfield and Arthur 1983) was
unbalanced for Laccaria laccata. Further optimization
of the fermentation using 1/3rd and 1/6th levels may
enable the retention of the gain in shortened lag phase
but improve on the final yield which was lower than
when the 1/9th level was used. The shortened lag
suggests that the fungus prefers lower levels of
nutrients in the initial phases of the culture. As evident
in the reductions chosen in this work, lower levels of
nutrients can result in lowered final biomass yields.
This conflict between yield and requirement for lower
concentrations of medium components in the early
phases of a culture can be solved by using a fed-batch
mode of culture.

Growth of Laccaria laccata was relatively
unresponsive to shaking speed since the indicator
profiles of the 100 and 200 rpm cultures supplied 10 g
I* were similar. This probably means that the fungus is
not demanding of oxygen. Similar biomass
productivities were found in the exponential phase of
Run 2 (Fig. 2) and Run 4 (Fig. 4), despite the doubling
of the starting glucose concentration and the halving of
the shaking speed in the latter i.e. the reduction in

mixing and oxygenation had little effect on biomass
productivity. No  further increases in glucose
concentration was studied because it was apparent that
whilst biomass yields might be higher, the yield
coefficients would be poorer (Fig. 5). Correspondingly,
the doubling in glucose supplied did not result in a
doubling of the biomass yield (cf Fig. 3 with Fig 4).
This observation is probably related to the ratio of
glucose consumed for production of new cells versus
consumption for other cellular needs such as
maintenance and production of metabolites, and/or the
possibility that the highest yield obtained was
approaching the aeration limit of the shake flask at 100
rpm. Both of the latter possibilities are affected by the
degree of oxygenation of the culture. Thus, future
studies could investigate the use of > 20 g I glucose,
in combination with increased shaking speed to see if
Yyx/s- can be improved.

Laccaria laccata is more sensitive to the higher
than the lower side of the temperature optimum. The
higher limit was found to be between 25° and 30°C.
This temperature profile reflects the origin of the fungus
in soil and forest litter where cooler temperatures are
more likely than high.

As expected, the effect of increasing the inoculum
size from 4 to 10% resulted in earlier completion of the
culture as indicated by the biomass and glucose
profiles. This remains a route for further optimization of
the culture with respect to time considering that 20%
inocula are routinely used in fermentations. The lower
yield resulting from the use of 10% inoculum (15%

reduction) Hmay be explained by Yyss values in the

growth phase which were lower than those found with
4% inoculum. Thus, some of the glucose in the 10%
inoculum run was inefficiently fermented to non-
biomass products resulting in a lower final biomass
yield. Depending on whether fermentation time or Yy/g
might be the higher imperative, the use of higher
inoculum sizes may require further work to optimize
Yx/s:

Notwithstanding the differences due to medium
formulation, fungal species and strain, the biomass
yields found in this study were of the order of those
found for shake flask culture of Laccaria laccata (13.5
g I DW; Sasek 1989) and Pisolithus tinctorius (13.5 g
I DW; Litchfield and Arthur 1983) but higher than
those for Pisolithus tinctorius (4.9 g I'* DW; Pradella et
al. 1990), Lyophyllum shimeji (7 g I DW; Ohta 1990),
and Hebeloma cylindrosporum (4 g I'* DW; Le Tacon et
al. 1985). This study has shown that Laccaria laccata
E439 can be satisfactorily shake flask cultured using the
original medium (Litchfield and Arthur 1983) modified
to contain 1/9th and 1/3rd of the original specification
for the phosphate salts and non-phosphate nutrients
respectively; 20 g I'* of glucose; an inoculum size of
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4%, a shaking speed of 100 rpm; and an incubation
temperature of 25°C. Further optimization of the system
is possible.

Acknowledgment
This work was funded by Biosynthetica Pty. Ltd.

References

Abouelkhair KS, Omran TA, Badran OA (1986) Effect of
mycorrhizal types and fertilizer rate on growth of Eucalyptus
cameldulensis seedlings. In: Gianinazzi-Pearson V and
Gianinazzi S(eds) Mycorrhizae - Physiology and genetics,
INRA, Paris, pp 497-502

Ahmad I, Carleton TJ, Malloch DW, Hellebust JA (1990) Nitrogen
metabolism in the ectomycorrhizal fungus Laccaria bicolor. (R.
Mre.) Orton. New Phytol 116: 431-441

Beckford PR, Melhuish JH, Mclntosh MS (1985) Effects of nitrogen
and phosphorus fertilization on growth and formation of
ectomycorrhizae of Quercus alba and Q. rubra seedlings by
Pisolithus tinctorius and Scleroderma auranteum. Can J Bot 63:
1677-1680

Bougher NL, Grove TS, Malajczuk N (1987) Growth of karri
(Eucalyptus diversicolor) inoculated with ectomycorrhizal fungi
in relation to soil phosphorous supply. In: Sylvia DM, Hung LL
and Graham JH (eds) Proceedings of the 7th North American
conference on mycorrhizae, Gainesville, Florida, May 3-8,
1987; p 123

Bougher NL, Grove TS, Malajczuk N (1990) Growth and
phosphorus acquisition of karri (Eucalyptus diversicolor F.
Muell.) seedlings inoculated with ectomycorrhizal fungi in
relation to phosphorus supply. New Phytol 14: 77-85

Bowen, G D (1973) Mineral nutrition of mycorrhizas. In: Marks GC
and Kozlowski TT (eds) Ectomycorrhizas, Academic Press,
New York, pp 151-201

Boyle CD, Robertson WJ, Salonius PO (1988) Use of mycelial
slurries of ectomycorrhizal fungi as inoculum for commercial
tree nurseries. Can J For 17: 1480-1486

Cameron JI, Penna IW (1988) The wood and the trees: A
preliminary economic analysis of a conservation-orientated
forest industry strategy. Australian Conservation Foundation,
Melbourne, Australia

Deacon JW, Fox FM (1988) Delivery of microbial inoculants into
the root zone of transplant crops. In: Proceedings of the
Brighton Crop Protection Conference, November, 1988. British
Crop Protection Council, Vol. 2, pp 645-653

Gagnon J, Langlois CG, Fortin JA (1988) Growth and
ectomycorrhiza formation of containerized seedlings as affected
by nitrogen fertilization, inoculum type, and symbiont. Can J
For Res 18: 922- 929

Garbaye J, Delwaulle JC, Diangana D (1988) Growth response of
eucalypts in the Congo to ectomycorrhizal inoculation. For Ecol
Management 24: 151-157

Grove TS, Malajczuk N (1994) The potential for management of
ectomycorrhiza in forestry. In: Robson AD, Abbott LK and
Malajczuk N (eds) Management of Mycorrhizas in Agriculture,
Horticulture and Forestry. Kluwer Academic Publishers,
Dordrecht, pp 201-210

Harley, JL, Smith SE (1983) Mycorrhizal symbioses. Academic
Press, New York.

Harvey, LM (1991) Cultivation techniques for the production of
ectomycorrhizal fungi. Biotech Adv 9: 13-29

Harvey LM, Smith JE, Kristiansen B, Neill J, Senior E (1988) The
cultivation of ectomycorrhizal fungi. In: Whipps JM and
Lumsden RD (eds) Biotechnology of fungi for improving plant
growth, Cambridge University Press, Cambridge, pp 27-39

Kropacek K, Cudlin P, Mejstrik VV (1989) The use of granulated
ectomycorrhizal inoculum for reforestation of deteriorated
regions. Agric, Ecosystems & Environ 28: 263-269

Kuek C, Armitage, TA (1985) Scanning electron microscopic
examination of calcium alginate beads immobilizing growing
mycelia of Aspergillus phoenicus. Enz Microb Technol 7:121-
125

Kuek, C (1991) Production of glucoamylase using Aspergillus
phoenicus immobilized in calcium alginate beads. Appl
Microbiol Biotechnol 35: 466-470

Kuek C, Tommerup IC, Malajczuk N (1992) Hydrogel bead inocula
for the production of ectomycorrhizal eucalypts for plantations.
Mycol Res 96: 273-277

Le Tacon F, Jung G, Mugnier J, Michelot P, Mauperin C (1985)
Efficiency in a forest nursery of an ectomycorrhizal fungus
inoculum produced in a fermenter and entrapped in polymeric
gels. Can J Bot 63: 1664-1668

Le Tacon F, Garbaye J, Bouchard D, Chevalier G, Olivier JM,
Giumberteau J, Poitou N,

Frochot H (1988) Field results from ectomycorrhizal inoculation in
France. In: Lalonde M and Piche Y (eds) Canadian Workshop
on Mycorrhizae in Forestry, Universite Laval, Ste-Foy, pp 51-74

Litchfield JH, Arthur MF (1983) Growth of selected
ectomycorrhizal fungi in aerated liquid culture. Dev Indus
Microbiol 24: 298-293

Malajczuk, N, McComb AJ, Loneragan,JF (1975) Phosphorus
uptake and growth of mycorrhizal and uninfected seedlings of
Eucalyptus calophylla R. Br. Aust J Bot 23: 231 238

Marx, DH (1969) The influence of ectotrophic mycorrhizal fungi on
the resistance of pine roots to pathogenic infections. I.
Antagonism of mycorrhizal fungi to root pathogenic fungi and
bacteria. Phytopathol 59: 153-163

Marx DH, Jarl K, Ruehle JL, Bell W (1984) Development of
Pisolithus tinctorius ectomycorrhizae on pine seedlings using
basidiospore-encapsulated seeds. For Sci 30: 897-907

Marx DH, Kenney DS (1982) Production of ectomycorrhizal
inoculum. In: Schenck NC (ed) Methods and Principles of
Mycorrhizal Research, American Society of Pathology, St. Paul,
pp 131- 146

Mauperin C, Mortier F, Garbaye J, Le Tacon F, Carr G ( 1987)
Viability of an ectomycorrhizal inoculum produced in a liquid
medium and entrapped in a calcium alginate gel. Can J Bot 65:
2326-2329

Ohta A (1990) A new medium for mycelial growth of mycorrhizal
fungi. Trans Mycol Soc Japan 31: 323-334

Pradella JG da Cruz, Zuccolo M, Lopes SAR, Oliveira MS (1990)
Pisolithus tinctorius vegetative mycelia production: Effects of
nitrogen sources and cultivation in stirred tank fermenter. Rev
Microbiol, Sao Paulo 22: 7-11

Ruehle JL, Marx DH (1979) Fibre, food, fuel and fungal symbionts.
Science 206: 419-422

Sasek V (1989) Submerged cultivation of ectomycorrhizal fungi.
Agric, Ecosystems & Environ 28: 441-447

Shaw CG, Jackson, RM, Thomas, GW (1987) Fertilizer levels and
fungal strain influence the development of ectomycorrhizae on
Sitka spruce seedlings. New For. 3: 215-223

Tommerup IC, Kuek C, Malajczuk N (1987) Ectomycorrhizal
inoculum production and utilization in Australia. In: Sylvia DM,
Hung LL and Graham JH (eds) Proceedings of the 7th North
American Conference on Mycorrhizae, May 1987. Inst. of Food
and Agricultural Science, Gainesville, pp 293-295

Warcup JH (1980) Ectomycorrhizal associations of Australian
indigenous plants. New Phytol 85: 531-535

326







	ORIGINAL PAPER

