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Formation and growth of the ectomycorrhiza

of Cantharellus cibarius

Abstract New data on the physiology of Cantharellus
cibarius mycorrhiza formation has resulted in a new
aseptic routine method for in vitro formation. The ad-
vances are short formation time, healthy plants and re-
liable colonization. A high glucose demand and a good
gas exchange with additional carbon dioxide are impor-
tant factors in the mycorrhiza formation. Mycorrhiza
was observed after 8 weeks, but strong colonization oc-
curred after 10-12 weeks, when mycorrhiza was estab-
lished to the depth of Scm. A C. cibarius strain con-
nected to Picea abies in nature successfully colonized
Pinus sylvestris in vitro, but not Betula pendula. My-
corrhizal plants have been successfully transferred to
unsterile environments in greenhouses. The mycorrhi-
zae continued to colonize new roots and the unsterile
peat soil for 10 months. However, C. cibarius mycorrhi-
za is highly sensitive to flooding. With PCR and RFLP,
fruit bodies, isolated mycelia and artificially formed
mycorrhizae have been compared to prove that C. ci-
barius was used. Climatic changes did not induce pri-
mordia formation, but factors behind fruit body forma-
tion are discussed.
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Mycorrhiza

Introduction

The research on the physiology of the edible ectomy-
corrhizal basidiomycete Cantharellus cibarius Fr. has
not been intensive due to difficulties in obtaining pure
mycelium. The fruit bodies of C. cibarius and some re-
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lated species are heavily infected by Pseudomonas fluo-
rescens Migula and other bacteria and molds (Danell et
al. 1993), and this, together with the slow growth, has
been the main reason for the lack of success in isolating
sterile mycelium from fruit bodies (Danielson 1984;
Froidevaux 1975; Itdvaara and Willberg 1988; Modess
1941; Schouten and Waandrager 1979). Fries (1979) did
the first successful germination of spores, since re-
peated by others (Danell and Fries 1990; Itdvaara and
Willberg 1988; Straatsma et al. 1985). Straatsma et al.
(1985) conducted the first isolation of mycelium from
fruit bodies, but their technique has been successfully
used only by Moore et al. (1989) and Danell and Fries
(1990). Moore et al. (1989) synthesized mycorrhizae
with Betula pubescens Ehrh. and Pinus sylvestris L. with
Hartig nets one or two cell layers deep. Danell and
Fries (1990) synthesized complete mycorrhizae with Pi-
cea abies (L.: Karst) with fully developed Hartig nets
throughout the cortex, limited by the endodermis only.
The axenic methods for mycorrhiza formation so far
are based on Para film-sealed vessels with plant, fungus
and nutrient solution in an inert substrate. However,
the methods have not allowed the plant-fungus system
to develop beyond the stage of formation of mycorrhi-
za. The shoots were only a maximum 5 cm in length aft-
er 5 months, and root branching was poor. The reasons
might be poor gas exchange over the sealing film of the
tubes (Danell and Fries 1990), limited space, uncon-
trolled nutrient concentrations and no withdrawal of
excretory products. The same technique but in a
greater volume (i.e. in larger vessel) resulted in better
mycorrhiza formation and root branching (Danell, un-
published). However, a well-aerated axenic but nonmy-
corrhizal system was used by McLaughlin (1970) to
study fruit body formation in Chalciporus rubinellus
Singer (Peck.) (as Boletus rubinellus Peck.).

Many other methods for mycorrhiza formation have
been published since the pioneer work of Melin (1922,
1925). Several of the methods are unsterile and almost
none of them allow further development after the for-
mation of mycorrhiza (e.g. Fortin et al. 1980; Kihr and
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Arveby 1986; Molina and Palmer 1982; Unestam and
Stenstrom 1989).

The purpose of this study was to learn more about
essential factors behind the mycorrhiza formation of C.
cibarius and to create a new aseptic system for routine
formation. With a technique which allows growth of the
double organism beyond the mycorrhiza formation, it
would be possible to study the physiology of slow-
growing mycorrhizae, e.g. C. cibarius, and to do experi-
ments with fruit body formation. Species identification
was based on the methods PCR (polymerase chain
reaction) and RFLP (restriction fragment length poly-
morphism).

Materials and methods

The mycorrhiza formation system

The system is based on the technique of Jentschke et al. (1991).
However, almost every part is modified, so the new culture unit
system (CUS) will be briefly described.

A single growth unit (Fig. 1) is made of a specially adapted
glass beaker of 2 1 volume with a broader beaker of the same vol-
ume as a lid. The lid is tightened with silicone tubing (outer diam-
eter 5mm). In the bottom of the beaker is a ceramic lysimeter
(Staatliche Porzellanmanufaktur, Berlin, Germany) which is con-
nected via silicone tubing (3 mm wall, 3 mm inner diameter) to a
1-1 collection bottle. The bottle is connected to a pipeline with a
vacuum pump, which drains the growth unit using a vacuum of
—0.8 bar. The drainage bottle is changed every 6 days.

The lysimeter is covered with acid-washed (6M HCI for 2
weeks) quartz sand with an average diameter of 0.9 mm. On top
of the sand a 100-ml beaker is placed upside down with a cylinder
of filter paper on the outside. The beaker is also covered with
sand, yielding a total if 11 sand as an inert substrate. The auto-
claved nutrient solution (see Table 1) is prepared in a 5-1 bottle.
Heat-sensitive compounds, e.g. glucose, are added to the auto-
claved solution after being sterile filtrated (Millipore 0.2 um). Al-
iprene tubing (Alitea AB, Stockholm, Sweden), which withstands
mechanical stress better than silicone, connects the bottle with a
peristaltic pump with 20 inlets. The tubing is attached to the inlet
of the growth unit. The pump is automatically activated every
90 min by a microprocessor timer, and 10 m! nutrient solution is
added each time. A steel connector on the tubing, placed before
the pump, makes it possible to change autoclaved bottles of nu-
trient solutions, since the end of the steel connector is flamed be-
fore connection with the new tubing is made. An air pump with

Table 1 Standard mineral solution used for mycorrhiza synthesis
of C. cibarius (340 ul stock solution/1000 ml, pH 5.0)

N 17 mg (60% NH,, 40% NO; w/w; 1:2 mol/mol)
K 11 mg
P 2.6 mg
Ca 1.0 mg
Mg 1.0 mg
S 1.5 mg
Fe 126 pg
Mn 68 g
B 34 ug
Cu 51 pg
Zn 51 pg
cl 51 pg
Mo 12 ug
Na 0.54 pg

triple filters supplies a growth unit with 11 air/min via Aliprene
tubing. Additional CO, is added and mixed with air to a final con-
centration of 0.2-0.4%. Outlet from the growth units is passive
through a glass wool filter.

The whole growth unit is placed in a Fi-totron 600H growth
cabinet (Fisons, Loughborough, England) which controls light in-
tensity, photoperiod and temperature. Contaminations are dis-
covered by inoculating substrate on modified Fries medium
(MFM) agar (Straatsma and Van Griensven 1986) after harvest.

Host plants

Seeds of Picea abies and Pinus sylvestris from the south of Swed-
en and seeds of Berula pendula Roth. from Finland were used.
The seeds were sterilized for 30s in 70% ethanol and then for
20 min in H,0,. After washing in sterile demineralized water and
drying on a sterile filter paper, the seeds were transferred to agar
dishes with MFM. The seedling was used as soon as the cotyle-
dons separated from each other. Under a sterile hood six to eight
seedlings were transferred to each autoclaved and cooled CUS
unit. Immediately after this transfer, 10 ml of a suspension of hy-
phae was added to every individual root (see below). The growth
unit was then sealed and connected to the nutrient, air and drai-
npage pumps in the climate cabinets.

An experiment to show the broad host range of C. cibarius
was done by inoculating 60 B. pendula seedlings and 36 Pinus syl-
vestris seedlings with strain SNGT2 isolated from a fruit body
connected to Picea abies. Standard incubation and nutrient proce-
dures were used as described below. The degree of mycorrhizal
formation was studied after 2 months.

Mycelia

Twenty C. cibarius strains were isolated from tissues and spores
as described in Danell and Fries (1990). Also one strain of Lactar-
ius rufus Scop. ex Fr. was used. Pieces of MFM agar with myce-
lium (4-8 weeks old) were axenically transferred to 5-cm petri
dishes with sterile filtered (Millipore 0.2 pm) liquid MFM. Radial
growth rate was 0.5 mm/day. After incubation for 4-6 weeks
(20° C, darkness), mycelia from 4-5 petri dishes were fragmented
in 100-m! Erlenmeyer flasks containing 50 ml fresh MFM and
glass beads. The suspension was filtered (pore size 1 mm) and an
additional 150 ml MFM was added to the suspension. The hyphal
suspension was introduced to two CUS units as described above.
The remaining suspension in the flask was incubated at 20°C in
darkness to check vitality of mycelium and occurrence of infec-
tions.

Mycelia were also introduced as pieces of agar in four CUS
units. Two units were treated according to the standard (see be-
low), and to the other two units added standard nutrient solution
without glucose. However, no growth was observed.

Established mycorrhiza was sectioned according to Danell and
Fries (1990) to confirm the presence of intercellular Hartig net,
which constitutes evidence for mycorrhiza (Harley and Smith
1983). Mycorrhizae were also transferred to MFM agar for reiso-
lation.

Nutrient medium

The nutrient medium is based on Ingestad (1979), with the same
proportions between minerals. The complete formulae of stock
solutions A and B are given in Nylund and Wallander (1989).
However, only 1700 wl stock solution per 5-1 bottle (pH 5.0) was
used as standard of concentration (instead of 5000 p.l). Occasion-
ally concentrations of 1000-2500 nl/51 were used. Final concen-
trations are given in Table 1. Experiments with addition of glu-
cose or sucrose were also carried out, using concentrations of 0—
0.5%. The standard concentration of glucose during other experi-
ments was 0.2%.



Fruit body-associated bacteria

Garbaye et al. (1990) have shown that a weak Laccaria mycelium
successfully forms mycorrhiza if mycorrhiza helper bacteria are
present. These supply the mycelium with organic acids. I tested
the hypothesis that Pseudomonas fluorescens, present in all C. ci-
barius fruit bodies (Danell et al. 1993), could replace the addition
of glucose. Some 4 x 10® bacteria (four different strains) were ad-
ded to the hyphal suspension when inoculating CUS units. Eight
such units with six spruce plants each were used, with the depar-
ture from the standard procedure that no glucose was added. As
controls, two units without bacteria, two units without bacteria
but with glucose and two units with both bacteria and glucose
were used. Incubation was 10 weeks. After harvest, substrate was
inoculated on MFM agar to study bacterial viability.

Gas

According to Straatsma and Bruinsma (1986), C. cibarius is able
to assimilate CO,. Therefore CO, was used in order to study ef-
fects on mycorrhiza formation. Two levels were compared. At the
low level no CO, was added (the CO, level of the ambient air in
the incubation room was 0.05-0.06% ), while the high concentra-
tion was set at 0.2%, since higher concentrations hardly increase
vegetative growth (Straatsma et al. 1986) but can cause closing of
leaf stomata. The standard concentration of CO, during other ex-
periments was set at 0.2%. CO, was mixed with the air stream
before entering the pipeline, and levels were controlled with a
flow meter. Measurements of CO, were performed with an ADC
infra-red CO, analyzer. Relative humidity was 49% +9%.

Light

Each climate cabinet had 12 fluorescent tubes (40-W Thorn warm
white). Light intensity was maximal (140 pmol/m?s) after 2 weeks
of increasing intensity (50 pmol/m?s 1st week, 110 wmol/m?s 2nd
week). Four additional 40-W tungsten red light bulbs per climate
cabinet were used to enhance the red spectrum for better photo-
synthesis.

The effect of a change in photoperiod from 24 h (2 months) to
8 h (1-2 months) was studied. Standard concentrations, C. cibar-
ius SNGT2 and Picea abies were used.

In the first three series 54 CUS units were covered with alumi-
num foil up to the substrate level, a precaution that was later
abandoned. Standard photoperiod in other experiments was
21 h.

Outplanting of mycorrhizae

From October 1992 pine seedlings with C. cibarius mycorrhiza
were transferred from the CUS to greenhouses and a forest nur-
sery. The purpose was to study survival of plant and fungus, and
fungal ability to colonize soil and other roots. Ten plants (3
months old) with mycorrhiza were separated from each other and
placed in clay pots. The filter paper from the growth unit was not
removed. Twelve other mycorrhizal plants were placed in a plas-
tic frame with 64 individual compartments (4.5x4.5%6.5 cm).
The substrate that was used was a peat/quartz sand mixture, 25%/
75% v/v. Water was added automatically once a day on the felt on
which the pots were placed. Through capillary forces and via the
roots the water entered the pots. A quantity of 20 ml Ingestad
nutrient solution (three times stronger than the standard concen-
tration, Table 1) was added once a week. Temperature was 18°C
(day) and 12° C (night), photoperiod 12 h. Humidity was kept at
maximum 80%.

Another set of plants (3 months old) was directly transferred
from growth units to plastic pots as a clump of six plants. The
purpose was to avoid the root and rhizomorph damage caused by
separating plants from the glass beaker used for nutrient distribu-
tion in the unit. Substrate was peat/quartz sand 50%/50% (v/v).
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Five pots (30 plants) were placed in another greenhouse. This
greenhouse was contaminated with other ectomycorrhizal fungi,
e.g. Laccaria and Thelephora, so the competitiveness of C. cibar-
ius was studied. Temperature was 20° C, photoperiod 18 h. Water
was added from above when the topsoil became dry. Ingestad nu-
trient solution (three times stronger than for the growth units)
was added once a week.

Six 4-month-old mycorrhizal pine plants in a growth unit had
the temperature altered from 20°C to 12°C for 24 h, then 10°C
for 24 h and finally 7° C for 3 days. After this treatment the plants
were transferred to a pot as described above, and placed in a for-
est nursery tent, keeping the temperature at approximately 0° C.
The purpose was to study resistance to cold and the ability of the
mycorrhiza to stand competition from other mycorrhizal fungi.

Molecular identification

There is always a risk of getting contaminating fungi into culture
instead of C. cibarius. Thus it is important to compare fruit body
mycelium with culture mycelium and mycorrhiza. It would also be
valuable to distinguish mycorrhiza of C. cibarius from other ecto-
mycorrhizal species when studying the competitiveness of the ar-
tificially formed mycorrhiza after transfer to a contaminated
greenhouse. In addition to morphological studies, molecular bio-
logy methods provide important means of comparing fruit body
material, root tips in the soil and axenic material. Straatsma et al.
(1985) used dot-blot DNA hybridization to compare vegetative
and fruit body mycelium. However, the method is laborious and
not applicable for mycorrhizal material where the amount of
DNA is very low. I compared ribosomal DNA (rDNA) using
PCR followed by RFLP as described below. The internal tran-
scribed spacer (ITS) region of rDNA was chosen as a target for
the PCR, since interspecies variations have been recorded by, for
example, Gardes et al. (1991).

DNA from frozen fruit bodies and axenic vegetative mycelium
(C. cibarius and C. pallens Pilat), as well as axenic and green-
house C. cibarius mycorrhizae, were used. The DNA extraction
procedure is based on that described by Henrion et al. (1994)
with the following modifications: The sample was directly crushed
in 600 ul CTAB buffer without using liquid nitrogen. Incubation
was carried out with 0.1 mg proteinase K (Sigma) at 65°C for 2 h.
RNAse was not used after chloroform/phenol, chloroform treat-
ment. Incubation with isopropanol was conducted overnight at
—20°C. After pelleting, the DNA was washed with 70% ethanol
twice. After drying the pellet for 15 min at 60°C and then for
45 min at room temperature, the DNA was suspended in 50 pl
10 mM Tris-HCI buffer (pH 8.0) containing 1 mM EDTA and
stored at 4° C. Amplification of the entire ITS rDNA region with
basidiomycete primers ITS1 and ITS4 (Bioprobe Systems, Mon-
treuil-sous-Bois, France) was done according to Henrion et al.
(1992). The number of amplification cycles of the DNA thermal
cycler (Perkin Elmer Cetus, Norwalk, USA) was 35. The purity
and character of the amplified DNAs were studied after electro-
phoresis on 1% agarose gel. 10 ul Amplified DNA was frag-
mented by restriction enzymes (2 U) Mbol, Hinfl and Haelll
(Promega Corp., Madison, USA) for 3 h at 37°C. The fragments
were separated by electrophoresis on 1% ME-agarose +2% Nu-
Sieve agarose gel (FMC, Rockland, USA) for 3 h at 93 V. DNA
was stained in Ethidium bromide (10 mg/l) for 40 min and des-
tained in water for at least 30 min. UV light was used to detect the
fragments.

Results

With the standard CUS, mycorrhiza formation in C. ci-
barius and Picea abies took 8 weeks, compared to the
earlier periods of 4.5 months (Moore et al. 1989) and 5
months (Danell and Fries 1990). Complete mycorrhiza
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formation of the top 5(-7) cm was established after 10-
12 weeks. The yellow mycellum was very dense, aggre-
gating sand particles and creating white airpockets (Fig.
2). Numerous white rhizomorphs occurred. Glucose or
sucrose was required to obtain mycelial development
and mycorrhiza formation during the first 8 weeks.
Once a strong mycelium was established, the addition
of carbohydrates was no longer necessary. Glucose ad-
dition resulted in colonization a few weeks earlier than
with sucrose. Concentrations higher than 0.2% did not
give a faster development. Lactarius rufus did not need
extra carbohydrates, and formed a total mycorrhiza
down to the bottom of the CUS (15 cm) in 6 weeks.
Within this period, Lactarius rufus sometimes sponta-
neously formed great numbers of primordia, which was
also observed by Jentschke et al. (1991).

Contaminations affected less than 5% of the Lactar-
ius rufus CUS units. In most cases the contaminations
did not affect the growth of plant and fungus. Contam-
inations in nutrient and drainage bottles were almost
negligible. In the C. cibarius units where glucose was
added, contamination frequency did not increase. How-
ever, plants and mycelium were sometimes negatively
affected by contamination (often a yeast). In that case,
the xenic organism often spread via the tubings to the
nutrient bottle. Drainage bottles were almost 100% in-
fected due to frequent changes and carbohydrate con-
tent. The contaminating organism could not enter the
CUS from the drainage bottle, due to the ceramic lysi-
meter which served as a mechanical barrier. Sometimes
a drainage tubing became plugged by contaminating
colonies, which flooded the CUS. Addition of 10 ppm
benomyl (Benlate, Dupont) to the nutrient solution de-
creased contaminations, but was not performed rou-
tinely since the influence of benomyl on basidiomycetes
is not well known and the contamination problem was
considered not severe.

Fruit body-associated bacteria

No growth of mycelium occurred without glucose even
in the presence of bacteria. Post-harvest study of the
bacterial populations in the CUS units showed com-
plete colonization of the substrate, which was revealed
after growth on MFM agar. Mycorrhiza formation oc-
curred normally in the presence of bacteria if glucose
was added. C. cibarius seemed indifferent ta.the bacte-
ria.

Gas effects

Without addition of extra CO, the Cantharellus myce-
lium developed slowly, and no mycorrhiza was formed
after 3 months. The continuous gas flow resulted, how-
ever, in healthy and still aseptic pine and spruce plants,
reaching 18 cm in 10 weeks. Additional CO, was there-
fore vital for mycorrhiza formation. The additional
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CO, concentration fluctuated a lot, though, mainly due
to slow gas exchange of the incubation room where the
air pump was operating. Additional CO, was thus at
least 0.2% and occasionally as high as 0.4%.

Host specificity

Of the 20 strains tested, all formed mycorrhiza with Pi-
cea abies or Pinus sylvestris. One strain originated from
a spore collection. However, the density of mycelium
and number of mycorrhizal short roots varied greatly
between strains. The C. cibarius strain from Picea abies
colonized all units with Pinus sylvestris plants, and 20 of
36 plants formed mycorrhiza. However none of the 60
Betula pendula plants formed mycorrhiza, and mycelial
growth was slow.

Light

No mycelial response to changes in photoperiod was
observed.

Outplanting of mycorrhizal seedlings

In total, only two plants died when transferred to pots
in the greenhouse. The mycorrhiza survived for at least
10 months and continued to grow and colonize new
roots. Frequent mycorrhizae and rhizomorphs were ob-
served along the walls of the pots. Mycorrhiza was
found to the bottom of the pot, 12 cm from the soil sur-
face. Mycorrhizae sometimes turned whitish after a few
weeks in the greenhouse, a reversible pigment change
known from vegetative mycelium (Danell and Fries
1990). The plastic frames were too small for each indi-
vidual plant. They became either too wet or too dry.
The automatic watering from below caused some roots
to turn black, something that did not affect roots or my-
corrhizae in the topsoil. The mycorrhizae that were
prepared for transfer to 0°C survived frosty nights in
April.

Mycorrhiza

Since this was the first time artificially formed C. cibar-
ius mycorrhizae had been studied on healthy plants in
vitro and in pot culture, a morphological study was
made, joining those by Moore et al. (1989) and Danell
and Fries (1990). C. cibarius and Picea abies formed a
mycorrhiza which at first was unramified and later ir-
regularly pinnate. The mantle surface appeared smooth
under the naked eye, but was found to be woolly under
a dissecting microscope (Fig. 3). The mantle was yellow
but occasionally turned whitish. The mantle remained
45 (£3) pm thick in the pot cultures. It has been de-
scribed as plectenchymatous by the previous authors,
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Fig. 6 Gel electrophoresis of amplified ITS of different C. cibar-
ius/C. pallens strains. M Fragment size marker (5615SA/SB,
BRL): vegetative C. cibarius mycelia from tissues: lane 1 SNETI,
lane 2 SNCT1, lane 3 SNGT2, lane 4 SVATT, lane 5 NTGT4, lane
6 NTGT1; vegetative C. cibarius mycelia from spores: lane 7
NTGS1, lane 8 G6Ha; fruit bodies of C. cibarius: lane 9 Pinus
sylvestris biotope, long. 18°23’ E, lat. 60°31’ N, lane 10 Betula pu-
bescens ssp. tortuosa biotope, 13°42” E, 64°36’ N, lane 11 Betula
pendula biotope 14°05" E, 58°05’ N; fruit body of C. pallens: lane
12 LVTY; vegetative C. pallens mycelia from tissues: lane 13
LVT3, lane 14 LVTIS, lane 15 LVTI16, lane 16 LVT17
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Fig. 7 Gel electrophoresis of amplified ITS of different basidio-
mycetes. M Fragment size marker (see Fig. 1); lane 1 C. cibarius,
lane 2 C. pallens, lane 3 C. tubaeformis Bull. ex Fr., lane 4 C. lu-
tescens Fr., lane 5 C. melanoxeros Desm., lane 6 Gomphus clava-
tus SF Gray, lane 7 Hydnum repandum (L. ex Fr.) Fr., lane 8 Sar-
codon imbricatus (L. ex Fr.) Karst., lane 9 Suillus variegatus (Sow.
ex Fr.) O. Kuntze

but the inner mantle is pseudoparenchymatous (Fig. 4).
Fully developed Hartig nets colonized the entire cortex.
C. cibarius and Pinus sylvestris formed a dichotomous
mycorrhiza. The yellow surface was sometimes strongly
woolly in pot cultures (Fig. 5). Other characteristics
were equivalent to those with Picea abies.

Molecular identification

The molecular identification proved that C. cibarius
had been isolated and successfully formed mycorrhiza.
The size of the ITS from rDNA of vegetative mycelium
corresponded with C. cibarius fruit body ITS (Fig. 6).
The number of nucleotides of C. cibarius and C. pallens
was much higher (1400 bp) than for other basidiomy-
cetes and members of Cantharellaceae tested (600-800
bp) (Fig. 7). After cutting with the three restriction en-
zymes, C. cibarius and C. pallens were found to pro-
duce identical RFLP patterns (Fig. 8). The patterns of
fruit bodies are similar to the patterns of vegetative my-
celia. In Fig. 9, a sterile C. cibarius mycorrhiza is com-
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pared with mycorrhizae from greenhouse plants origi-
nally inoculated with C. cibarius. Alien mycorrhizae
were clearly distinguished from the C. cibarius patterns
(data not shown). The minimum number of mycorrhi-
zal root tips that could be used for successful PCR and
RFLP was 1 or 2 (DNA extract diluted 1:5 before
PCR).

Discussion
Mycorrhizal establishment

The C. cibarius demand for additional glucose for
growth and mycorrhiza formation was probably due to
the artificial environment. So-called early-stage ecto-
mycorrhizal fungi such as Laccaria, Thelephora and He-
beloma often form fruit bodies soon after mycorrhiza
formation in vitro, in forest nurseries or in young plan-
tations (Debaud and Gay 1987, Godbout and Fortin
1990). In these cases the host plant can be very small

Fig. 8 RFLP analysis of the amplified ITS from C. cibarius and
C. pallens, fruit bodies and axenic mycelia (no difference between
strains). M Fragment size marker (see Fig. 1). Each strain occu-
pies a set of three lanes: left lane restriction enzyme Mbol, middle
lane Hinfl, right lane Haelll

Fig. 9 RFLP analysis of the amplified ITS from C. cibarius my-
corrhizae. M Fragment size marker (see Fig. 1); lanes 4-6 ITS of
axenic mycorrhiza: lane 4 uncut ITS, lane 5 restriction enzyme
Hinfl, lane 6 Mbol; lanes 7-9 ITS of pot mycorrhiza: lane 7 uncut
ITS, lane 8 Mbol, lane 9 Hinfl; lanes 13-15 ITS of pot mycorrhiza:
lane 13 uncut ITS, lane 14 Mbol, lane 15 Hinfl



and it is sometimes killed by the fungus. Successional
studies have shown that they are replaced after a few
years by late-stage fungi (Last and Fleming 1985; Digh-
ton and Mason 1985). It is important to emphasize that
this succession concerns seedlings without contact with
older trees. Normally, late-stage fungi such as C. cibar-
ius and Lactarius pubescens Fr. colonize new roots by
vegetative growth from a strong mycelium that is alrea-
dy established (Fleming 1984; Romell 1938). In my
study, the mycelium was added in the form of sus-
pended hyphal fragments. In order to recover, glucose
was needed. Dighton and Mason (1985) also demon-
strated the higher demand for carbohydrates for agar
growth of ectomycorrhizal late stage fungi. However,
the ability of C. cibarius to form permanent mycorrhiza
with young seedlings in the CUS shows that the term
“late-stage fungus” is not adequate.

Considering the high demand for simple carbohy-
drates, it is difficult to understand how a young C. ci-
barius spore mycelium in nature can survive until my-
corrhiza formation. This study implies that P. fluores-
cens does not act as one of the helper bacteria de-
scribed by Garbaye et al. (1990, 1992). However, the
seasonal production of spores of, for example, a single
fruit body of C. tubaeformis has been estimated at
1x 108 (Kilin and Ayer 1983). If such a clone produces
many fruit bodies during a few decades, that might be
enough to overcome the extremely low possibility of
mycorrhiza formation from minute propagules (in labo-
ratory conditions negligible). The overproduction of
spores might have another purpose. Fries (1981) sug-
gested that Leccinum species produce spores mainly to
create mycelia with new genetic combinations that
could be fused with the original mycelium (homing
reaction). In 1987 Fries concluded that ectomycorrhizal
basidiospores are insufficient for long-distance trans-
port.

Gas effects

It is not surprising that C. cibarius is adapted to high
CO, levels. The normal variation in CO, levels at 20 cm
depth in pine forest soils is 0.5-2% (Magnusson 1992).
Straatsma et al. (1986) showed that the presence of a
tomato root could be replaced by 0.5% CO; in order to
stimulate strong mycelial growth of C. cibarius. Howev-
er, my field studies and experimental observations indi-
cate that C. cibarius does not survive waterlogging. A
similar phenomenon was described by Stenstrém
(1991), who showed that early-stage fungi such as He-
beloma and Laccaria are not sensitive to waterlogging,
while late-stage fungi such as Suillus species are. Ac-
cording to Magnusson (1992) waterlogging in forest
soils in spring time might result in a 12% oxygen con-
centration and a 4% CO, concentration. This low oxy-
gen concentration might be one reason for C. cibarius
to be hydrophobic and thus create air pockets, as de-
scribed by Unestam (1991). It might also be one reason
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why C. cibarius is not found in biotopes with bad water
drainage. The occurrence of C. cibarius in the top 5 cm
in the CUS units is similar to natural conditions, in
which mycorrhizae are situated where minerals are re-
leased from decaying organic material. However, Lac-
tarius rufus grew rapidly to the depth of 15 cm, so per-
haps C. cibarius is restricted to the top 5cm also be-
cause of higher oxygen demand. In the unsterile pot
cultures where C. cibarius mycelium was found at
12 cm depth, gas exchange was facilitated by holes in
the bottom side. Rainfall is not a problem if the soil
permits rapid drainage. In 5-cm petri dishes where the
original mycelium is submerged in liquid MFM only a
few millimeters at the most, the growth of C. cibarius is
normal.

Host specificity

Trappe (1962) concludes that C. cibarius has a broad
host range. However, the unsuccessful colonization of
Betula pendula with a C. cibarius strain from Picea
abies gives a hint that there might be physiological vari-
eties adapted to different groups of host plants. Strain
variations in partner specificity are common among
fungi or plants compatible on a species-to-species level
(Last et al. 1984). Moore et al. (1989) succeeded in ob-
taining mycorrhiza with both Betula pubescens and Pin-
us sylvestris using isolates from Quercus robur L.. How-
ever, the mycelium on Pinus sylvestris did not colonize
the entire cortex. RFLP patterns of ITS of C. cibarius
strains from pine and birch forests did not reveal any
differences.

Fruit body formation

Only compact knots of hyphae without visible stipes
were observed in C. cibarius (fruit body index 0.5 ac-
cording to Aschan-Aberg 1958; McLaughlin 1970). No
change in morphology was observed due to photoper-
iod and temperature changes. The distinct formation of
pointed primordia of Lactarius rufus (fruit body index
1) appeared rapidly without any changes of the system.
In the field, fruit bodies do not seem to require specific
events to trigger formation. Field studies (Danell, un-
published) show that C. cibarius and, for example, Lec-
cinum scabrum (Fr.) SF Gray and Paxillus involutus
Batsch ex Fr. may form fruit bodies in early June. C.
cibarius has also been found in winter and spring. How-
ever, in southern Sweden fruit bodies of C. cibarius
usually begin to appear in the middle of July and are
found until late October when fruit bodies are frozen.
These field observations and the experiments in the
CUS indicate that the photoperiod change after mid-
summer, which leads to changes in hormone balance in
the host plant and a flush of carbohydrates to the roots
(Wardlaw 1990), does not trigger fruit body formation.
However, Godbout and Fortin (1992) observed in-
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creased fruit body production in Laccaria bicolor
(Maire) Orton when photoperiod was shortened. Tem-
perature cannot be a trigger due to the long possible
period of morphogenesis.. Godbout and Fortin (1990)
showed that Lactaria bicolor did not form fruit bodies
when temperature was lowered. Probably, the myce-
lium begins to store nutrients as soon as photosynthesis
starts and temperature is above 0° C. When enough nu-
trients are stored, great numbers of primordia are
formed along the roots, as for Lactarius rufus in CUS
units. Mature primordia will not develop into fruit bod-
ies until rain comes. Agerer (1985) claims that the level
of fruit body production is mainly determined by the
weekly mean temperature of the first half-year, on con-
dition that there is no drought. This has recently been
found to apply to C. cibarius as well (Norvell 1992).
Fruit bodies appear early if a hot May is followed by a
rainy June, as in Uppsala in 1993, when C. cibarius fruit
bodies appeared before midsummer. Continuous fruit
body production is then limited only by drought or
frost. An extreme example is the constant fruit body
production of Suillus luteus (L. ex Fr.) SF Gray in the
pine plantation on the mountain Cotopaxi in Ecuador
(Hedger 1986). At this site, the temperature is always
8-16°C during the daytime, and fruit bodies of all
stages are found around the year. Different ectomy-
corrhizal species form fruit bodies at different times,
which probably reflects the efficiency in accumulating
nutrients.

In the case of C. cibarius, the CUS revealed its abil-
ity to colonize seedlings. Several plants were trans-
ferred from aseptic CUS units to the greenhouse. PCR
and RFLP showed that C. cibarius survived on the
hosts for at least 10 months, which implies that C. cibar-
ius is not exclusively adapted to older trees and there-
fore might form fruit bodies when the biomass is big
enough. Future research should be focused on optimal
greenhouse conditions, and competition between dif-
ferent ectomycorrhizal species can be further evaluated
with PCR and RFLP. Genetic and biochemical re-
search on the morphogenesis can be carried out thor-
oughly only when all the stages of the life cycle of a few
strains are under control, something that may be
achieved in the future. Commercial growth of C. cibar-
ius might be possible through outplanting of colonized
seedlings, like the management of the black truffle Tu-
ber melanosporum Vitt. (Chevalier and Frochot 1981).
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