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Abstract Container-grown Pseudotsuga menziesii and
Pinus pinaster seedlings were inoculated with water
suspensions of spores of five ectomycorrhizal fungi
commonly found in northeastern Spain. Pseudotsuga
menziesii seedlings were inoculated with basidiospores
of Melanogaster ambiguus, or Rhizopogon subareola-
tus, or with ascospores of Tuber maculatum. Pinus pi-
naster seedlings were inoculated with basidiospores of
Melanogaster ambiguus, Rhizopogon roseolus or Scle-
roderma citrinum. The spore concentrations were 102–
107 spores per seedling for Melanogaster ambiguus (in
Pseudotsuga menziesii) and Rhizopogon subareolatus,
103–107 for Melanogaster ambiguus (in Pinus pinaster),
Rhizopogon roseolus, and Scleroderma citrinum, and
102–104 for Tuber maculatum. Melanogaster ambiguus
colonized more short roots in a larger proportion of
plants at 107 spores per seedling than at any other rate.
The highest colonization by Rhizopogon subareolatus
was obtained at 104 spores per seedling and higher, and
all inoculated plants became infected at 106 spores per
seedling and higher. Tuber maculatum colonized a high
percentage of short roots at all rates tested; the propor-
tion of infected plants was over 80% at 103–104 spores
per plant, decreasing to 50% at 102 spores per plant.
Rhizopogon roseolus colonized the highest number of
short roots on nearly all the inoculated plants when ap-
plied at 105 spores per seedling and higher. Scleroder-
ma citrinum colonized a high percentage of short roots
on all inoculated plants when applied at 105 spores per
seedling and higher. The abundance of sporocarps of
Melanogaster ambiguus, Rhizopogon subareolatus, Rhi-
zopogon roseolus and Scleroderma citrinum and their
colonization ability at relatively low rates allows these

spores to be used as ectomycorrhizal inocula on a large
scale.
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Introduction

A delay or lack of mycorrhizae formation in forest nur-
series has long been known to lead to stunted, nutrient-
deficient seedlings (Mitchell et al. 1937; Pryor 1956;
Trappe and Strand 1969) or to an excessive loss of
plants during forestation of treeless areas and reclama-
tion of adverse sites (Marx 1980). Frequently, substrate
constituents used in container production lack viable
propagules of ectomycorrhizal fungi, and seedlings
grown at high nutrient levels in containers usually show
erratic and deficient ectomycorrhizae formation, except
for seedlings ectomycorrhizal with Thelephora terrestris
Fr. (Castellano and Molina 1989). Nonmycorrhizal see-
dlings grow well in artificial substrates if enough water
and soluble nutrients are supplied but, after outplant-
ing, their capacity to absorb water and nutrients from
the soil to meet growth and transpiration demands may
be impaired (Kropp and Langlois 1990). Seedlings with
mycorrhizae are better prepared than nonmycorrhizal
seedlings to initiate soil exploration and, therefore,
have a better chance of survival and early growth once
in a reforestation site (Kropp and Langlois 1990).

To ensure good ectomycorrhizae development, con-
tainerized seedlings must be inoculated with appro-
priate fungi in the nursery (Ruehle and Marx 1977;
Trappe 1977). Research on mycorrhizae has empha-
sized the use of vegetative mycelium as the most suita-
ble material for inoculation of nursery seedlings with
selected fungal strains (Trappe 1977; Marx 1980; Marx
et al. 1991). However, high quantities of axenically pro-
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duced, viable inoculum are needed for large-scale nur-
sery application.

Spores of some ectomycorrhizal fungi are a relative-
ly abundant and inexpensive source of inoculum. They
were already used in the 18th century in attempts to
enhance truffle production before the true nature of
mycorrhizae was known (Trappe 1977). Spores have
since been used to inoculate bareroot and container-
grown conifer seedlings (Marx 1980; Azevedo 1982;
Castellano and Trappe 1985; Marx et al. 1991; Massi-
cotte et al. 1994). Some of the advantages of spore ino-
cula over vegetative inocula are the lack of a growth
phase in pure culture, the lower bulk, and the possibili-
ty of storing the spores of certain fungi. Among the dis-
advantages are problems in determining spore viability,
the irregular fruiting of the sporocarps, the delay in
forming mycorrhizae compared with vegetative inocula,
and the lack of genetic definition of the spores (Marx
and Kenney 1982).

The local, regular abundance of sporocarps of the
ectomycorrhizal fungi Melanogaster ambiguus (Vitt.)
Tul. & Tul., Rhizopogon roseolus (Corda ex Sturm) Fr.,
Rhizopogon subareolatus Smith, Scleroderma citrinum
Pers., and Tuber maculatum Vitt. in northern Spain
represents a large supply of spores. The genus Rhizo-
pogon has been tested successfully as ectomycorrhizal
inoculum (Castellano and Molina 1989; Massicotte et
al. 1994) and some species are among the most widely
studied ectomycorrhizal fungi. The genus comprises
diverse ectomycorrhizal fungi mostly associated to Pin-
us species, although some of them have been reported
to be host specific with Pseudotsuga menziesii (Mirb.)
Franco (Molina and Trappe 1982). Molina (1980) re-
ported the failure of mycelial inocula of Rhizopogon
vinicolor Smith and Rhizopogon parksii Smith to colo-
nize containerized Pseudotsuga menziesii seedlings and
only limited success in bareroot nurseries. Limited re-
sults were also obtained when a vegetative inoculum of
Rhizopogon roseolus (Corda ex Sturm) Fr was used to
inoculate Pinus taeda L. (Ford et al. 1985) and Pinus
pinea L. (Mousain et al. 1987). In contrast, spores of
Rhizopogon colossus Smith, Rhizopogon parksii, Rhi-
zopogon subcaerulescens Smith, and Rhizopogon vini-
color have been successfully used to inoculate contain-
er-grown Pseudotsuga menziesii seedlings (Castellano
et al. 1985; Berch and Roth 1993; Massicotte et al.
1994). It has been reported that Rhizopogon vinicolor
favors the recovery of plants under water stress (Parke
et al. 1983), increases field performance of Pseudotsuga
menziesii seedlings after the first growing season (Cas-
tellano and Trappe 1985), and may inhibit the growth
of some root pathogens (Zak 1971). Spores of various
Rhizopogon species have also been used to inoculate
Pinus radiata D. Don (Theodorou 1971; Theodorou
and Bowen 1970, 1973; Lamb and Richards 1974; Do-
nald 1975; Chu-Chou and Grace 1985), Pinus pondero-
sa Dougl. ex Laws (Massicotte et al. 1994), Pinus elliot-
tii Little & Dorman (Lamb and Richards 1974) and
Pinus halepensis (Miller) (Torres and Honrubia 1994).

Among the Rhizopogon species collected regularly in
Spain, Rhizopogon subareolatus is the only fungus re-
ported to be host specific with Pseudotsuga menziesii
(Molina and Trappe 1982, 1994; Ho and Trappe 1987).
The origin of this exotic fungal species and its mode of
entry into Spain remain unknown (Alvarez et al.
1993).

The genus Melanogaster, an ectomycorrhizal fungus
associated with conifer and hardwood species (Alvarez
et al. 1993), has been rarely used as ectomycorrhizal
inoculum. Recently, Massicotte et al. (1994) found that
spore slurries of Melanogaster euryspermus (Zeller)
Zeller & Dodge were ineffective in forming ectomy-
corrhizae with Pseudotsuga menziesii.

The inoculation of nursery seedlings with commer-
cially valuable Tuber species using either spores or my-
celium is well documented (Chevalier and Grente
1978). Nevertheless, the only previous inoculation ex-
periment with Tuber maculatum was carried out by
Fontana (1967) who successfully used crushed fruitbod-
ies of this fungal species to inoculate Pinus strobus L.

Successful inoculation of container-grown Pinus pi-
naster Ait. with spores of the ectomycorrhizal fungi
Amanita muscaria (L ex Fr) Pers ex Hook, Pisolithus
tinctorius (Pers) Coker & Couch, Rhizopogon luteolus,
Russula cyanoxantha Schff ex Fr , Scleroderma citrin-
um, Suillus granulatus (L ex Fr) Kuntze and Tricholo-
ma terreum (Schff ex Fr) Kummer was reported by
Azevedo (cited in Marx 1980; Azevedo 1982). Sclero-
derma citrinum has been found to be commonly asso-
ciated with various tree species in nurseries as well as in
plantations and forests (Schramm 1966; Garrido 1984;
Ingleby et al. 1985). This fungus has been used as ecto-
mycorrhizal inoculum in the greenhouse and nursery to
increase Pinus resinosa Ait. outplanting success (Rich-
ter and Bruhn 1987). Colonization of Pinus pinaster
seedlings with mycorrhizas of Scleroderma citrinum has
been obtained using a mycelial inoculum (Takacs 1961)
or seeds pelleted with spores (Azevedo 1982).

For the practical use of spores as inoculum it is
necessary first to establish the optimal application
rates. In this study, we have used spore suspensions of
five ectomycorrhizal fungi to inoculate containerized
Pseudotsuga menziesii and Pinus pinaster seedlings.
Both tree species are commonly used for reforestation
in northern Spain. The objectives of our study were to
determine 1) the colonization ability of the spores, and
2) the effect of a range of spore concentrations of each
fungus on ectomycorrhizae formation and seedling
growth.

Materials and methods

Sporocarps of Melanogaster ambiguus, Rhizopogon subareolatus
and Tuber maculatum were collected in spring-autumn 1990 in
the Montseny Range, Girona, northeastern Spain, at 1100 m ele-
vation in a pH 5.5 sandy soil beneath 40- to 50-year-old Pseudot-
suga menziesii. Sporocarps of Rhizopogon roseolus were col-
lected in spring 1991 in Sta. Pellaia, Les Gavarres Range, Girona,
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at 100 m elevation, in a pH 5.6 sandy soil, beneath Pinus pinaster
in a mixed stand of Pinus pinaster and Quercus suber L. Sporo-
carps of Scleroderma citrinum were collected in spring 1991 in Oi-
hanberri nursery, Bizkaia, Basque Country, at 50 m elevation, in
a pH 5.4 clayey soil, beneath old-growth Quercus robur L. After
collection and identification, the fungi were cleaned with a brush,
identified, dried at 40 7C for 48 h, and kept at room temperature
until use. Voucher specimens of each fungal species were deposi-
ted in the Real Jardín Botánico de Madrid Herbarium, Madrid,
Spain (references MA-Fungi 28325 and MA-Fungi 31749 for Me-
lanogaster ambiguus, MA-Fungi 31748 for Rhizopogon roseolus,
MA-Fungi 28351 for Rhizopogon subareolatus, MA-Fungi 31747
for Scleroderma citrinum, and MA-Fungi 28382 for Tuber macula-
tum).

Seeds of Pseudotsuga menziesii (seed zone 261, lot No 313–
1980) and Pinus pinaster (origin Aquitaine, CEMAGREF lot No
81245) were surface sterilized with H2O2 for 30 min and stratified
at 5 7C for 30 days. Root-trainer Spencer-Lemaire (Spencer 1974)
containers (175-ml capacity) were filled with a potting substrate
of Floratorf peat (Floragard, Oldenburg, Germany) and vermicu-
lite (Termita grade 2, Asfaltex, Barcelona, Spain) in the propor-
tion 1 :1 (v:v). The substrate was previously autoclaved (120 7C, 1
kg/cm2) for 1 h. The final pH of the pot mixture measured in wa-
ter was 5.5. Two seeds were sown in each container and later thin-
ned to 1 seedling per container.

Spore suspensions of each fungus were prepared in spring
1991 by blending chopped sporocarps in tap water with a Waring
blender at low speed until the spores were released. The approxi-
mate number of spores contained per gram of dried sporocarp
tissue was 109 for Melanogaster ambiguus and Scleroderma citrin-
um, 1010 for Rhizopogon spp., and 107 for Tuber maculatum.
Ranges of spore concentration were prepared by serial dilution in
water. Initial spore concentrations and subsequent dilutions were
counted using a Newbauer haemacytometer. For Pseudotsuga
menziesii inoculations, spore suspensions of Melanogaster ambi-
guus and Rhizopogon subareolatus were applied at: 0, 102, 103,
104, 105, 106 or 107 spores per seedling. Spores of Tuber macula-
tum were applied at only 0, 102, 103 or 104 spores per seedling
because higher concentrations could not be obtained. For Pinus
pinaster inoculations, spore suspensions of Melanogaster ambi-
guus, Rhizopogon roseolus and Scleroderma citrinum were ap-
plied at 103, 104, 105, 106 or 107 spores per seedling.

Sixty-four 1-month-old seedlings per treatment were inocu-
lated with 10 ml of spore suspension containing the appropriate
number of spores (control seedlings received 10 ml of water per
plant). Treatments were established in a completely randomized
design. Plants were grown in a shaded greenhouse with a con-
trolled environment (20–25 7C and `40% relative humidity).
Supplementary light was provided with high-pressure sodium va-
por lamps to ensure a 16-h photoperiod with a minimum light in-
tensity of 200 mmol s–1 m–2. Plants were watered when needed
(usually 3 times per week) and fertilized every 3 weeks with 10 ml
per seedling of a solution containing 17-6–18 NPK fertilizer (Kris-
talon, DSM Agro Specialities, Utrecht, Holland) and micronu-
trients (Fetrilon13 and Hortrilon, BASF). Each plant received at
each fertilization 3.65 mg N, 1.29 mg P, 3.87 mg K, 0.35 mg Fe,
0.07 mg Mg, 0.06 mg Mn, 0.06 mg Cu, 0.01 mg Zn, 0.01 mg B, and
0.01 mg Mo.

After 5 months, plants were examined for the presence of ec-
tomycorrhizae in all fungal treatments. Height, root collar diam-
eter, shoot and root biomass and number of mycorrhizal seedlings
were measured for all plants in each treatment. Twenty Pseudot-
suga menziesii and 10 Pinus pinaster seedlings were randomly tak-
en from each fungal treatment to assess the percentage of colo-
nized short roots. Because of the high number of seedlings in-
volved, pre-trials were performed to determine the best method
of counting ectomycorrhizae. To standardize the sample, lateral
roots were taken from three different levels of the entire root sys-
tem from each plant (top, middle and bottom), cut into small
pieces (ca. 1 cm), and mixed in a Petri dish containing water. The
percentage of mycorrhizal short roots for each plant was assessed
by counting at least 200 short roots from the mixture of seg-

mented roots under the stereomicroscope. Data were analyzed by
analysis of variance (ANOVA). Means were compared by Tu-
key’s multiple range test (P^0.05). Percentages of mycorrhizae
were transformed with the arcsin equation to reduce the error
variance (Snedecor and Cochran 1980) before performing the
ANOVA.

Results

Pseudotsuga menziesii

Plants inoculated with Melanogaster ambiguus and Tu-
ber maculatum were harvested after 5 months, when
the ectomycorrhizae were clearly developed. As ecto-
mycorrhizae formed by Rhizopogon subareolatus were
not observed until 2 months later, the assessment was
carried out after 7 months. There was no difference in
height after 5 months between control plants and plants
inoculated with either Melanogaster ambiguus or Tuber
maculatum (Table 1). However, the seedlings inocu-
lated with 107 spores per seedling of Rhizopogon sub-
areolatus appeared to grow better than noninoculated
plants; after 7 months, the seedlings had the commer-
cial standard size recommended for outplanting.

Melanogaster ambiguus did not form ectomycorrhi-
zae if the spore concentration was below 105 spores per
seedling. The proportion of infected plants ranged from
27% at the rate of 105 spores per seedling to 53% at 107

spores per seedling (Table 1). The percentage of colo-
nized short roots increased with increasing concentra-
tions of spores from 13% at 105 spores per seedling to a
maximum of 65% at 107 spores per seedling. However,
the differences between 106 and 107 spores per plant
were not significant (Fig. 1a). Ectomycorrhizae formed
by Melanogaster ambiguus were golden brown and de-
veloped simple branching with long, twisted elements
and a velvety surface. Rhizomorphs were long and
abundant, with the same color as the mantle (Fig. 2a).

Rhizopogon subareolatus formed ectomycorrhizae
with treatments of 104 spores per plant and higher. All
the plants inoculated at the rate of 106 and 107 spores
per plant became ectomycorrhizal (Table 1). The appli-
cation of increasing concentrations of spores per plant
from 104 to 107 produced similar percentages of short
root colonization (33–49%) (Fig. 1a). Ectomycorrhizae
formed by Rhizopogon subareolatus were white with
dirty brown patches, simple or pinnate. The elements
were covered by abundant white mycelium which
spread over the surface of lateral roots. Rhizomorphs
were abundant and brown colored (Fig. 2b). The outer
zone of the mantle of the mycorrhizae of Rhizopogon
subareolatus had characteristic thick-walled brown hy-
phae, also clearly visible in the peridium of the sporo-
carp, as it is known for Rhizopogon species in the sec-
tion Villosuli (Smith and Zeller 1966).

Tuber maculatum formed ectomycorrhizae at all
spore rates tested. The proportion of ectomycorrhizal
plants was over 80% at 103–104 spores per seedling and
decreased to 50% at 102 spores per seedling (Table 1).
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Table 1 Growth and percentage of ectomycorrhizal container-
grown Pseudotsuga menziesii seedlings inoculated with three ec-
tomycorrhizal fungi at different spore rates. Means in the same

column within a fungal treatment sharing a common letter are not
significantly different by Tukey’s test (P^0.05)

Fungus Spore rate
per seedling

Stem caliper
(mm)

Shoot height
(cm)

Total dry weight
(g)

Mycorrhizal seedlings
(% total)

Melanogaster ambiguus 107 2.3 a b 21.2 a 1.6 a b 53
106 2.8 b 19.9 a 2.1 b 47
105 2.4 a b 17.8 a 1.6 a b 27
104 2.4 a b 17.9 a 1.5 a 0
103 2.2 a 16.5 a 1.2 a 0
102 2.3 a 17.3 a 1.3 a 0
0 2.2 a 17.1 a 1.2 a 0

Rhizopogon subareolatus 107 3.8 a 26.6 c 3.5 b 100
106 3.6 a 20.4 a 2.8 a b 100
105 3.6 a 27.2 b c 3.4 a b 50
104 3.5 a 24.1 a b c 2.9 a b 43
103 3.6 a 22.6 a b c 2.9 a b 0
102 3.5 a 22.7 a b c 2.7 a 0
0 3.3 a 21.5 a b 2.4 a 0

Tuber maculatum 104 2.3 a 17.3 a 1.5 a b 88
103 2.4 a 18.1 a 1.4 a b 82
102 2.7 a 21.4 a 2.1 b 50
0 2.3 a 16.7 a 1.3 a 0

The percentage of colonized short roots ranged from
42% at 102 spores per seedling to 73% at 104 spores per
seedling. No significant differences were detected
(Fig. 1a). Ectomycorrhizae formed by Tuber macula-
tum were orange-brown, with simple to pyramidal pin-
nate, apparently smooth elements densely covered by
short spicules characteristic of Tuber species (Fig. 2c).

Pinus pinaster

All the plants were assessed after 5 months. No statisti-
cal differences were detected in total dry weight among
plants inoculated with Melanogaster ambiguus or in
height of plants inoculated with Rhizopogon roseolus
and Scleroderma citrinum (Table 2). None of the
growth parameters could be related to the abundance
of ectomycorrhizae. After 5 months the seedlings
reached sizes adequate for their use in reforestation.

Melanogaster ambiguus formed ectomycorrhizae
with containerized Pinus pinaster, but the effectivity of
inoculation varied with the spore concentration ap-
plied. More than 70% of the inoculated plants re-
mained nonmycorrhizal at the rate of 103 spores per
seedling (Table 2). Increasing the spore concentration
above 104 spores per seedling led to ectomycorrhizae
formation on nearly 90% of the inoculated plants. The
degree of ectomycorrhizae formation increased with in-
creasing spore concentrations reaching 82% of the
short roots colonized at 106 spores per seedling or high-
er (Fig. 1b). Ectomycorrhizae formed by Melanogaster
ambiguus were golden brown with simple to dichoto-
mous elements covered with abundant rhizomorphs
and extramatrical mycelium with the same color as the
mantle (Fig. 2d).

Rhizopogon roseolus formed ectomycorrhizae on
more than 90% of the inoculated plants at all spore ap-
plication rates (Table 2). The percentage of colonized
short roots also increased with increasing spore concen-
tration. The 103 spore application rate resulted in sig-
nificantly fewer ectomycorrhizae than higher applica-
tion rates, but no significant differences were detected
among the three highest rates (Fig. 1b). Ectomycorrhi-
zae formed by Rhizopogon roseolus were white to pin-
kish, cottony with generally dichotomous elements cov-
ered with abundant extramatrical mycelium and white
rhizomorphs (Fig. 2e).

Scleroderma citrinum formed ectomycorrhizae at all
the spore rates tested. The application of 103 spores per
seedling resulted in less than 40% of the inoculated
plants infected (Table 2) and less than 20% of colo-
nized short roots (Fig. 1b). When the spore application
rate was increased to 105 or above, all the seedlings de-
veloped ectomycorrhizae and the degree of colonized
short roots was significantly increased to 84% or higher
(Fig. 1b). Ectomycorrhizae formed by Scleroderma ci-
trinum were bright white with interwoven mycelial
strands on the surface. Elements were dichotomous to
coralloid and densely covered with abundant extrama-
trical mycelium and long, white rhizomorphs (Fig. 2f).

Discussion

The relative colonization ability of spores applied in
water suspensions was estimated for five fungal species.
To our knowledge, this is the first report of container-
ized Pseudotsuga menziesii seedlings colonized with
either Melanogaster ambiguus, Rhizopogon subareola-
tus or Tuber maculatum, and of Pinus pinaster seedlings
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Fig. 1 Percentages of ectomycorrhizal short roots formed on con-
tainer-grown Pseudotsuga menziesii (a) and Pinus pinaster (b)
seedlings inoculated with different spore concentrations of five
ectomycorrhizal fungi (Melanogaster ambiguus, Rhizopogon ro-
seolus, Rhizopogon subareolatus, Scleroderma citrinum, Tuber
maculatum). Values in the same fungal treatment sharing the
same letter are not different by Tukey’s test (P^0.05). Bars rep-
resent the internal standard errors for each mean

colonized with either Melanogaster ambiguus or Rhizo-
pogon roseolus. According to our results, to obtain high
percentages of mycorrhizal seedlings and colonized
short roots utilizing only moderate amounts of inocula,
the application rates needed are 106 spores per seedling
for Melanogaster ambiguus (for both tree species), 106

spores per seedling for Rhizopogon subareolatus, 103

spores per seedling for Tuber maculatum, 105 spores
per seedling for Rhizopogon roseolus, and 105 spores
per seedling for Scleroderma citrinum.

Melanogaster ambiguus was a less effective colonizer
of Pseudotsuga menziesii than of Pinus pinaster in spite
of its occurrence in Pseudotsuga menziesii plantations.
So far, the ectomycorrhizal relationships of the genus
Melanogaster have been rarely studied. Sporocarps of
Melanogaster spp. have been found associated with
Pseudotsuga menziesii (Molina and Trappe 1982; Al-
varez et al. 1993), Pinus spp., Quercus spp. (Molina and
Trappe 1982), Abies spp., and Tsuga spp. (Massicotte et
al. 1994). Experimental evidence for an association by
pure culture synthesis has only been demonstrated for
Pseudotsuga menziesii (Molina and Trappe 1982; Par-
ladé et al. 1996) and Pinus pinaster (Pera and Alvarez
1995). Extensive searching for sporocarps under other
host trees and pure culture synthesis tests are needed to
elucidate the host range of Melanogaster spp.

Rhizopogon subareolatus showed higher effectivity
than Melanogaster ambiguus in forming ectomycorrhi-
zae with Pseudotsuga menziesii at relatively low spore
rates. Castellano et al. (1985) reported effective appli-
cation rates for spores of Rhizopogon vinicolor and Rhi-
zopogon colossus similar to those given here for Rhizo-
pogon subareolatus. The ease of isolation from sporo-
carps and the fast growth in culture led us to use this
and other species of Rhizopogon as a mycelial inocu-
lum in parallel trials under similar conditions (Parladé
1992; Pera 1992), but spores were the only effective
propagule for colonizing inoculated seedlings. Similar
results were reported by Molina (1980), who suggested
that the failure of mycelial inoculum was due to the dis-
turbance experienced in inoculum preparation.

Tuber maculatum was the most effective fungus in
forming ectomycorrhizae with Pseudotsuga menziesii at
low spore rates. However, the sporocarps of this species
are small and the number of spores produced low, and
thus inoculation of a high number of seedlings may not
be feasible. The morphology of the ectomycorrhizae
formed by Tuber maculatum closely matches the de-
scription by Chu-Chou and Grace (1983) of naturally
occurring ectomycorrhizae of Tuber spp. with Pseudot-
suga menziesii in New Zealand.

The effectivity of a Scleroderma citrinum spore ino-
culum cannot be compared to previous results of Ta-
kacs (1961), Azevedo (1982) and Richter and Bruhn
(1987) because their application rates were not speci-
fied.

Inoculation with spore suspensions proved to be a
suitable method for obtaining seedlings ectomycorrhi-
zal with fungi that do not grow or grow slowly in cul-
ture. It may also prove to be an alternative method for
inoculating nursery seedlings with fungi that cannot
withstand the disturbance involved in vegetative inocu-
lum preparation or do not survive until young seedlings
produce short roots susceptible to colonization.

Genetic diversity in spore inoculum can be enor-
mous, particularly if spores are collected from many ar-
eas and combined into a single inoculum. In such a sit-
uation it can be expected that different results will be
obtained using inocula from different collections. Some
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Fig. 2 Stereomicroscope photographs of ectomycorrhizae formed
by a Melanogaster ambiguuscPseudotsuga menziesii (!4), b Rhi-
zopogon subareolatuscPseudotsuga menziesii (!4.5), c Tuber
maculatumcPseudotsuga menziesii (!4), d Melanogaster ambi-
guuscPinus pinaster (!3.5), e Rhizopogon roseoluscPinus pi-
naster (!4.5), f Scleroderma citrinumcPinus pinaster (!3.5);
bars 2.5 mm

of the fungi used in our inoculation experiments ( Me-
lanogaster ambiguus, Rhizopogon roseolus, and Rhizo-
pogon subareolatus) produce sporocarps every year in
the same location, and even beneath the same trees,
providing a stable source of inoculum. Comparisons be-
tween inocula obtained from different areas would help
to define possible differences and to select suitable
spore origins, in a process similar to the selection of
seed provenance for forest trees (Marx 1991).
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Table 2 Growth and percentage of ectomycorrhizal container-
grown Pinus pinaster seedlings inoculated with three ectomycor-
rhizal fungi at different spore rates. Means in the same column

within a fungal treatment sharing a common letter are not signifi-
cantly different by Tukey’s test (P^0.05)

Fungus Spore rate
per seedling

Stem caliper
(mm)

Shoot height
(cm)

Total dry weight
(g)

Mycorrhizal seedlings
(% total)

Melanogaster ambiguus 107 2.1 a 22.9 a 1.2 a 95
106 2.1 a 24.1 a 1.6 a 89
105 2.0 a 24.2 a 1.3 a 87
104 2.0 a 24.3 a 1.4 a 91
103 2.0 a 22.9 a 1.5 a 27

Rhizopogon roseolus 107 2.1 a 23.2 a b 1.3 a 100
106 2.1 a 24.4 b 1.2 a 100
105 2.2 a 23.8 a b 1.3 a 96
104 2.2 a 25.1 b 1.3 a 100
103 2.0 a 21.2 a 1.2 a 90

Scleroderma citrinum 107 2.8 a 24.7 a b 2.9 a 100
106 2.7 a 31.2 a b 3.4 a 100
105 2.6 a 31.7 b 3.6 a 100
104 2.8 a 25.4 b 3.7 a 87
103 2.9 a 27.7 a 3.9 a 37

Melanogaster ambiguus, Rhizopogon subareolatus,
Rhizopogon roseolus and Scleroderma citrinum all pro-
duced abundant rhizomorphs, which are considered to
play an important role in water transport to host plants
(Duddridge et al. 1980). Plants ectomycorrhizal with
fungi that produce rhizomorphs are considered more
drought tolerant than nonmycorrhizal plants or plants
mycorrhizal with fungi that do not produce rhizo-
morphs (Parke et al. 1983; Boyd and Hellebrand 1991).
This may be a very important consideration when se-
lecting fungi for inoculation of seedlings for reforesta-
tion in Mediterranean areas, where plants are to sub-
ject severe dry periods due to the irregular distribution
of rainfall during the year.

The formation of ectomycorrhizae was not consis-
tently related with an increase in plant growth for any
of the fungi studied. Statistically significant differences
in biomass production of Pseudotsuga menziesii seed-
lings after 7 months were only found between control
plants and plants inoculated with Rhizopogon subareo-
latus at 107 spores per seedling. This difference, howev-
er, was not detected between control plants and plants
inoculated with 106 spores per seedling, which formed
percentage of mycorrhizas similar to that obtained with
107 spores per seedling. Although some authors have
reported growth stimulation of pine seedlings ectomy-
corrhizal with Rhizopogon species (Theodorou and
Bowen 1970; Torres and Honrubia 1994), Pinus pinas-
ter growth was not significantly affected by any inocula-
tion treatment in our work. Riffle and Tinus (1982) re-
ported that height, stem caliper and weight of contai-
nerized Ponderosa pine inoculated with Rhizopogon
roseolus were not significantly different to those of con-
trols. Castellano and Molina (1989) reviewed many dif-
ferent fungal inoculations successful with container see-
dlings. Many of these symbionts, including species of
Rhizopogon and Scleroderma, had little or no effect on
container seedling growth in the nursery. The applica-

tion of nutrients by fertirrigation, as in the present
study, and the use of artificial potting substrate in con-
tainers generally obscures the growth-promoting effect
of ectomycorrhizae in the nursery (Marx and Barnett
1974; Molina 1979, 1980). For the most part, the growth
of pines, spruces and firs was frequently unaffected or
depressed, instead of stimulated (Castellano and Moli-
na 1989). Castellano et al. (1985) discussed the possibil-
ity of underestimating the root dry weight due to the
fungal biomass destroyed while processing seedlings
inoculated with fungi that produce large amounts of
rhizomorphs. Nevertheless, some ectomycorrhizal fungi
that do not increase seedling growth in the nursery in-
crease seedling field performance (Thomas and Jack-
son 1983; Stenström et al. 1985).

From the results obtained here, it would be feasible
to use spore inocula of the most efficient fungi to pro-
duce ectomycorrhizal plants on a large scale. Further
studies are needed to elucidate the effectiveness of Me-
lanogaster ambiguus, Rhizopogon spp., and Scleroder-
ma citrinum in promoting the performance of Pseudot-
suga menziesii and Pinus pinaster containerized seed-
lings in commercial nurseries and field plantations.
Long-term field experiments are currently being car-
ried out with Pseudotsuga menziesii seedlings ectomy-
corrhizal with Melanogaster ambiguus and Rhizopogon
subareolatus, to compare the effect of inoculation with
different fungi on survival and growth of outplanted
seedlings. These studies are aimed at selecting ectomy-
corrhizal fungi which are suitable for improving stand-
ard reforestation practices with this tree species in
northern Spain.
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