817

Ann. For. Sci. 62 (2005) 817–822
© INRA, EDP Sciences, 2005
DOI: 10.1051/forest:2005087

Original article

Effects of ectomycorrhizal inoculation and the type of substrate
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Abstract – Spore inocula of Melanogaster ambiguus (Vittad.) Tul. & C. Tul., Pisolithus tinctorius (Pers.) Coker & Couch, Rhizopogon luteolus
Fr., Rhizopogon roseolus (Corda) Th. M. Fr. and Scleroderma verrucosum (Bull.) Pers., and two substrates (a mixture of peat-vermiculite and
a mixture of peat-composted pine bark) were evaluated for producing mycorrhizal Pinus pinea L. seedlings in a commercial nursery in NE
Spain. Inocula of all fungi were effective to obtain containerised mycorrhizal P. pinea seedlings although seedling mycorrhization rates were
reduced in the peat/pine-bark mixture. Neither inoculation nor the type of substrate modified the first-year growth of seedlings. Rhizopogon
spp. increased the levels of N and P and, in general inoculation reduced the concentration of Mn in needles. Symptoms of chlorosis were
detected in all seedlings growing in the peat/pine-bark mixture, probably due to nutritional deficiencies caused by the substrate high pH. Among
the fungi tested, R. roseolus is proposed as the best candidate for its application in nursery inoculation programmes destined to produced
containerised mycorrhizal P. pinea.
Pinus pinea / substrate / mycorrhization / ectomycorrhizal fungi / seedling nursery production
Résumé – Effets d’une inoculation ectomycorhizienne et du type de substrat sur la mycorhization, la croissance et la nutrition de semis
de Pinus pinea L. en containers produits en pépinière commerciale. Des inoculums sporaux de Melanogaster ambiguus (Vittad.) Tul. & C.
Tul., Pisolithus tinctorius (Pers.) Coker & Couch, Rhizopogon luteolus Fr., Rhizopogon roseolus (Corda) Th. M. Fr. et Scleroderma verrucosum
(Bull.) Pers., et deux substrats (un mélange de tourbe-vermiculite et un mélange de tourbe-écorce compostée de pin) ont été évalués pour
produire des jeunes plants mycorhizés de Pinus pinea L. dans une pépinière commerciale au Nord-Est de l’Espagne. Les inoculums de tous les
champignons ont été efficaces pour obtenir des semis mycorhizés de pin pignon en conteneur, bien que les taux de mycorhization ont diminué
dans le substrat vermiculite-écorce de pin. Ni l’inoculation ni le type de substrat n’ont modifié la croissance en première année des jeunes plants.
Les espèces de Rhizopogon ont augmenté les niveaux d’azote et de phosphore dans les aiguilles des plants et, en général, l’inoculation a réduit
la teneur en manganèse de ces feuilles. Des symptômes de chlorose ont été détectés dans tous les plants croissant dans le substrat vermiculiteécorce de pin, probablement en raison des carences nutritionnelles provoquées par le pH élevé du substrat. Parmi les champignons étudiés, on
propose R. roseolus comme le meilleur candidat pour son application dans des programmes d’inoculation en pépinière destinés à produire des
plants de pin pignon mycorhizés en conteneur.
Pinus pinea / substrat / mycorhization / champignons ectomycorhiziens / production des semis en pépinière

1. INTRODUCTION
Pinus pinea is a common Mediterranean conifer welladapted to hot and dry conditions associated to this climate.
This pine produces edible nuts and plays an important ecological role in arid zones by preventing erosion [25]. These characteristics have increased the value of P. pinea in reforestation
and afforestation programmes in arid and semiarid regions [25,
26, 29]. Survival and initial growth of out-planted seedlings

under these unfavourable environmental conditions is highly
dependent on their physiological quality after the nursery
breeding period. Different biometrics (height, root collar diameter, shoot-root ratio) and physiological parameters (photosynthetic rates and nutrient accumulation in seedling tissues) have
been used as indexes to determine the quality of seedlings produced in nursery [14, 21].
Ectomycorrhizal symbiosis with fungi is the rule among
most forest tree species in natural conditions [34]. Inoculation
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with selected ectomycorrhizal fungi has been often signalled
as a promising cultural practise for improving the quality of
nursery seedling stock [4, 10, 24]. Mycorrhization can improve
not only the growth of the seedling but also their physiological
status by enhancing the photosynthetic capacity [11] and by
increasing the uptake of water and nutrients, and their accumulation in the seedling tissues [3, 8].
Environmental conditions marked by the Mediterranean climate are characterised by prolonged dry periods with high temperatures and concentrated rain in a few months. These climatic
conditions limit the activity of natural fungal inoculum of soils
by reducing the optimal time for fungal spores germination and
mycelial growth, thus minimising the opportunities for root
colonisation by native fungi [1, 26, 27]. Under these circumstances, controlled nursery inoculation of trees with suitable
ectomycorrhizal fungi can be an important advantage for successful establishment of out-planted seedlings in Mediterranean habitats.
Controlled mycorrhization of containerized seedlings is
highly dependent on the cultural practices applied in nursery
[9]. Generally, factors which affect the growth of seedling roots
also affect the development of ectomycorrhizas [24]. Main factors affecting seedling mycorrhization in nursery are the fertilisation and irrigation regimes and the characteristics of the
potting substrate [4, 10]. Aeration, pH and cation-exchange
capacity are important aspects to be considered prior to the election of substrates for seedling production [18]. Composting of
residual materials such pine bark is a common recycling practise for obtaining low-cost substrates suitable to produce ornamental and forest seedlings in nurseries [17, 33]. Nevertheless,
the effects of this type of substrates on the mycorrhizal status
of forest seedlings produced in nursery are poorly documented.
The objective of this work was to evaluate the effects of inoculation with spores of several ectomycorrhizal fungi using two
different substrates (sphagnum peat plus either vermiculite or
composted pine bark) on the mycorrhizal status, growth and
concentration of nutrients in needles of containerised P. pinea
seedlings produced in a commercial nursery.
2. MATERIALS AND METHODS
2.1. Plant material
Pinus pinea L. seeds were collected from natural forests in the
Montnegre and Montseny sierras in Catalonia (Spain). Before use,
seeds were soaked in running tap water overnight, surface disinfected
by shaking for 30 min in 33% (v/v) H2O2 and rinsed in four changes
of sterile distilled water.

2.2. Fungal inoculum
Basidiomata of Pisolithus tinctorius (Pers.) Coker & Couch., Rhizopogon luteolus Fr., Rhizopogon roseolus (Corda) Th. M. Fr., and
Scleroderma verrucosum (Bull.) Pers. were collected in bare-root
nurseries and mixed forests of P. pinea in different locations of Catalonia (Spain). Sporocarps of Melanogaster ambiguus (Vittad.) Tul &
C. Tul, were collected under Pseudotsuga menziesii (Mirb) Franco
plantations in Girona (Spain). After collection, all basidiomata were
dried at 35 ºC for 72 h and kept at room temperature for further use
(voucher samples were kept at the herbarium of the DPV-IRTA).

Table I. Analytical characteristics of substrates used to grow Pinus
pinea seedlings in the nursery of Breda (Girona, North-Eastern Spain).
Substrate parameter

Peat/Vermiculite
(p/v)

Peat/Composted
pine bark (p/pb)

pH (H2O 1:2.5)

5.5

7.7

E. C. (mS/cm)

2.6

2.1

Organic matter (%)

44

60

Total N (%)

0.4

0.7

Total P (%)

0.3

0.3

Total K (%)

2.3

0.6

Total Mg (%)

6.1

0.5

Total Fe (%)

2.4

0.8

Total Mn (ppm)

185

208

To obtain the inoculum of M. ambiguus, R. luteolus and R. roseolus,
dry mature sporocarps of each fungal species were re-hydrated overnight in distilled water and then blended at low speed until the spores
were suspended [5]. For each fungus, initial spore concentration was
assessed by using a haematocytometer. The bulk spores suspension
was diluted in water to obtain target suspensions of 106 spores mL–1
for M. ambiguus, and 2 × 107 spores mL–1 for both Rhizopogon species.
Due to their hydrophobicity, basidiospores of P. tinctorius and S.
verrucosum could not be prepared as water suspensions. Spores of
these fungi were removed from the sporocarps by sieving through a
0.5 mm mesh and counted with a haematocytometer (0.05 g spores in
100 mL H2O + two drops of Tween 20). One gram of P. tinctorius
and S. verrucosum spores contained 16 × 108 and 5 × 108 spores
respectively.

2.3. Nursery inoculations and experimental set-up
Pinus pinea L. seedlings were produced in the commercial nursery
owned by Forestal Catalana S.L. in Breda (Girona, Northeastern
Spain). A factorial experiment was set up in order to check the effect
of the factors: (a) inoculation with spores of the five ectomycorrhizal
fungi and (b) type of substrate, on mycorrhization and development
of P. pinea seedlings. Seedlings were grown in two different substrates
commonly used in the nursery: (1) a mixture of peat and vermiculite
(p/v) 1:1 (v:v) and (2) a mixture of peat and composted pine bark
(p/pb) 1:1 (v:v) (see Tab. I for substrate analyses). The peat Floratorf
was purchased at Floragard (Oldenburg, Germany) and the vermiculite Termita®, grade 2 at Asflatex S.A. (Barcelona, Spain). Trays with
39 alveoles of 400 cm3 each (Forespot, La Fageda-Spain) were filled
with the different substrates, and two P. pinea seeds were sowed per
alveole. Once germinated, seedlings were thinned to one per container.
Inoculation treatments were performed with spores of the five fungal species plus non-inoculated control plants.
One-month-old seedlings were inoculated with 10 mL of the target
spore suspension of the corresponding fungus. The final inoculum
concentration was of 106 spores per seedling for M. ambiguus and
107 spores per seedling for R. luteolus and R. roseolus treatments. Dry
spores of P. tinctorius or S. verrucosum were added to a known volume
of autoclaved vermiculite before their application. Inoculation with
these fungi was carried out by mixing the vermiculite containing the
spores with the potting substrate to reach a final concentration of 107
spores per seedling in both cases. For all fungi tested, the choice of
the spore concentration was based on previous results [32].
Seedlings were fertilised every two weeks with a solution of 20-719 Peters Professional Conifer Grower (Scott, Tarragona, Spain)
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Table II. ANOVA significance levels for the factors inoculation (A) and type of substrate (B), and interaction between them (AB) for different
growth parameters of Pinus pinea seedlings. Significant values (P < 0.05) are marked in bold.
Growth parameter

Inoculation (A)

Substrate (B)

Interaction (AB)

Diameter

0.001

0.299

0.025

Height

0.338

0.998

0.571

Shoot dry weight (Sdw)

0.038

0.292

0.409

Root dry weight (Rdw)

0.000

0.234

0.862

Sdw/Rdw

0.000

0.777

0.154

(1.8 g L–1) and the micronutrients preparation Fetrilon (0.12 g L–1)
and Hortrilon (0.28 g L–1) (Basf, Barcelona, Spain) applied by the
nursery irrigation system. The amount of nutrients per plant applied
at each fertilisation was: 3.6 mg N (2.1 nitrate, 1.26 mg ammonia,
0.24 mg urea), 1.26 mg P, 3.42 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.

2.4. Measured parameters
Ten months after inoculation, 25 seedlings were randomly harvested in each treatment. Seedling roots were washed free of substrate
and ectomycorrhizas were identified according to morphological criteria derived from previous results obtained in synthesis and inoculum
dosage trials [31, 32]. Each seedling root was cut into 2–3 cm segments, and the percentage of ectomycorrhizal short roots was assessed
by counting at least 200 randomly selected short roots under the stereomicroscope.
All seedlings were measured for stem height and root collar diameter. Seedling shoots and roots were oven-dried (60 ºC, 48 h) to obtain
dry weights. Once dehydrated, needles of five plants of the same treatment were grouped as a replicate and ground to a particle size < 2 mm.
After digestion of needles by nitric-perchloric acid (5:3), percentages
of N and P were determined by Kjeldahl and Olsen methods respectively [37]. Concentrations of K, Mg, Mn and Fe were measured by
induced plasma spectrophotometry (F586-587, Varian Liberty 220).

2.5. Statistical analysis
Data were analysed by two-factor ANOVA and significant differences among treatments were detected by Tukey’s test (P < 0.05).
When factors interacted, they were separately analysed by one-way
ANOVA. Percentages of ectomycorrhizas were arc-sin transformed
before performing ANOVA.

Figure 1. Percentages of ectomycorrhizal short roots obtained by inoculation of Pinus pinea with five ectomycorrhizal fungi, growing in
two different substrates. p/v = peat / vermiculite (1:1, v:v); p/pb = peat/
pine bark (1:1, v:v). In each fungal treatment, different letters denote
significant differences between substrates according to Tukey’s test
(P < 0.05).

for both Rhizopogon spp. (Fig. 1). Except for S. verrucosum,
the percentage of ectomycorrhizas obtained for all the fungi
tested was significantly reduced when seedlings grew in p/pb
compared with p/v substrate (Fig. 1).
3.2. Seedling growth
The effects of inoculation on seedling growth were analysed
only for R. luteolus, R. roseolus and S. verrucosum. The factor
inoculation showed a significant effect on almost all seedling
growth parameters, whereas the type of substrate did not significantly influence the growth of seedlings (Tab. II). Inoculation with either fungus generally did not stimulate and even
significantly decreased the seedlings growth (Tab. III).

3. RESULTS
3.3. Concentration of nutrients in needles
3.1. Mycorrhization
When grown in p/v, all seedlings inoculated with P. tinctorius, R. luteolus, R. roseolus and S. verrucosum, and 53% of
those inoculated with M. ambiguus became mycorrhizal. When
p/pb was used, 100% of seedlings became mycorrhizal with
R. roseolus whereas this percentage was reduced to 53% and
33% in R. luteolus and S. verrucosum treatments, respectively.
In p/pb, spores inocula of M. ambiguus and P. tinctorius were
not effective and no mycorrhizal seedlings were obtained.
Among seedlings growing in p/v substrate, the percentages of
ectomycorrhizal short roots were of 19% for M. ambiguus, 45%
for P. tinctorius, 57% for S. verrucosum and more than 80%

When the concentration of nutrients in needles was analysed, interaction between inoculation and type of substrate
was observed, and statistics were carried out separately for each
factor by one-way ANOVA.
In general, inoculation with the different fungi significantly
increased the concentration of N and P in needles in both substrates, except for plants inoculated with S. verrucosum in p/v
(Fig. 2a). The level of N in plants inoculated with R. roseolus
and S. verrucosum was significantly higher when grown in p/pb
substrate compared with p/v, whereas the concentration of P in
needles was significantly higher when seedling grew in p/pb in
all inoculation treatments (Figs. 2a and 2b).
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Table III. Growth effect of inoculation with R. luteolus, R. roseolus and S. verrucosum on Pinus pinea seedlings. Different letters in each
column denote significant differences among treatments according to Tukey’ test (P < 0.05). Due to interactions, diameter was analysed separately for each factor by one-way ANOVA. Asterisks denote significant differences in diameter between p/v and p/pb substrates according to
Tukey’ test (P < 0.05).
Diameter (mm)
p/v

Height (cm)

Shoot dry weight (g) Root dry weight (g)

Sdw/ Rdw

p/pb

Control

3.2 b

3.4 b

10.6 a

1.3 b

1.0 b

1.4 a

R. luteolus

2.6 a

3.1 ab*

10.2 a

1a

0.6 a

1.7 b

R. roseolus

2.9 ab

2.9 a

10.6 a

1a

0.6 a

1.7 b

S. verrucosum

3.3 b

3.0 ab

9.6 a

1a

0.8 ab

1.4 a

cantly higher in R. roseolus and S. verrucosum treatments, and
the concentration of Fe was unaffected (Figs. 2c, 2d and 2e).
When substrates were compared, the concentration of K in needles of seedlings was significantly higher in seedlings grown
in p/pb (except for R. luteolus) (Fig. 2b), whereas the concentration of Mg was significantly reduced (Fig. 2d). Seedlings
inoculated with both Rhizopogon spp. showed lower concentration of Fe in needles when grown in p/pb compared with p/v
substrate (Fig. 2e).
In p/v, inoculation with the different fungi significantly
reduced the concentration of Mn in needles (Fig. 2f). In p/pb,
seedlings inoculated with R. roseolus showed the highest levels
of Mn in their needles (Fig. 2f). For all inoculation treatments,
the levels of Mn in needles were significantly lower in seedlings
grown in p/pb than in p/v (Fig. 2f).

4. DISCUSSION

Figure 2. Effect of inoculation and the type of substrate on the concentration of nutrients in needles of containerised P. pinea seedlings.
p/v = peat/vermiculite (1:1, v:v); p/pb = peat/pine bark (1:1, v:v). For
each type of substrate, different letters denote significant differences
between inoculation treatments according to Tukey’s test (P < 0.05).
For each inoculation treatment, asterisks denote significant differences
between p/v and p/pb substrates according to Tukey’s test (P < 0.05).

In general, inoculation with the different fungi in the p/v substrate did not significantly affect the concentration of K, Mg
and Fe in needles (Figs. 2c, 2d and 2e). When seedlings grew
in p/pb substrate, R. luteolus significantly reduced the concentration of K in needles, the level of Mg in needles was signifi-

Spore inoculum of all the fungi tested was effective to obtain
mycorrhizal P. pinea seedlings produced in container. The high
quantity of spores that can be obtained from one basidioma and
the ease of application of this type of inoculum makes of it a
method particularly well suited for large-scale inoculation of
containerised seedlings in commercial nurseries [4, 24]. Low
mycorrhization rates were obtained with M. ambiguus, with
only half of seedlings being mycorrhizal and percentages of
ectomycorrhizas (ECM) under 20%. The quantity of spores
applied was probably not high enough, since ECM percentages
over 80% have been previously obtained with this fungus for
P. pinea with application of spore rates over 107 spores per
seedling [32]. In the case of P. tinctorius, even if all plants
became mycorrhizal, the percentages of ECM did not reach
50%, the minimal limit established for this fungus to ensure an
effect on plant development after transplanting [23, 24]. The
minimal level of ECM necessary to ensure seedling performance in the field has been poorly studied, and probably depends
on environmental characteristics of the site of transplantation
and on the fungus-tree combination used [4, 34]. The spore
inoculum of P. tinctorius has been successfully used in previous experiments to produce containerised Pinus species,
including P. pinea [15, 28, 32].
The highest mycorrhization rates of P. pinea seedlings were
obtained with spores of R. luteolus and R. roseolus. Species of
the genus Rhizopogon have been previously used in nursery
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programmes for the production of mycorrhizal P. pinea seedlings with similar results [27, 29, 32].
Both, the percentages of mycorrhizal seedlings and the colonisation level obtained with all the fungi tested in this study,
except with S. verrucosum, were significantly reduced when
seedlings were grown in the substrate containing peat and composted pine bark (p/pb). For M. ambiguus and P. tinctorius,
composted pine-bark even totally prevented the formation of
mycorrhizas. The relatively high pH value (7.7) of the substrate
could have reduced the efficacy of all fungi tested. Since most
of them are acidophilous, both the germination of fungal spores
and the development of mycorrhizas can be severely affected
by pH values over 6 [9, 19]. Interestingly in p/pb substrate,
R. roseolus was the only fungus which colonised all seedlings,
forming ECM in percentages close to 70%. These results indicate that inoculation with R. roseolus spores and the use of alternative less-expensive and recycled substrates are compatible
nursery practises for the production of mycorrhizal P. pinea
seedlings in container.
Inoculation with the different fungi generally did not stimulate and even reduced seedlings growth. Low growth rates in
mycorrhizal plants have been often attributed to the high
demand for carbohydrates required by the fungus [11, 35]. The
lack of stimulation of seedlings growth by the fungi could also
be influenced by nursery practices like the fertilisation levels,
the type of substrate, or the container size [9]. When growing
in the soil, R. luteolus, R. roseolus and S. verrucosum produce
abundant external mycelium and rhizomorphs, which are of
great importance for water and nutrient uptake under field conditions [7, 34]. However, the benefices of these fungal structures could be minimised under nursery conditions.
On the other hand, the type of potting substrate did not affect
P. pinea seedlings growth. Composted pine-bark is a substrate
commonly used in Spanish nurseries, and it has been previously
tested for the production of containerised P. pinea seedlings
with growth standards acceptable for its commercialisation [17].
Mycorrhization with the different fungi tested in this study
directly affected the nutritional status of P. pinea seedlings, and
therefore their physiological quality. Inoculation of P. pinea
with R. luteolus and R. roseolus increased the concentration of
N and P in needles. Some authors have demonstrated an
improved N and P uptake by mycorrhizal roots compared with
non-mycorrhizal ones [3, 13], although controversial results
have also been reported [11]. Inoculation with S. verrucosum
reduced the concentration of N, P, Mg and Mn in needles when
seedlings were grown in peat-vermiculite substrate, whereas
this effect was reversed in peat-pine bark substrate. These
results support the importance of the characteristics of the potting substrate affecting the availability of nutrients for the fungus and its positive or negative effect on seedlings nutrition.
Also, other seedling parts such stem and roots as well as the
mantle and the external mycelium produced by the fungus may
act as nutrient storage structures and should be taken into
account in a global nutrient balance [7].
A common feature found for all fungi studied was that inoculation significantly reduced the levels of Mn in P. pinea needles from plants growing in the p/v substrate. Different authors
[2, 20] have demonstrated a lower Mn uptake in plants mycorrhizal with arbuscular fungi compared with non-mycorrhizal
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ones. The availability of Mn for the plants is dependent on oxidation/reduction processes often driven by soil microorganisms capable to reduce Mn [22]. Some authors have suggested
that mycorrhization can inhibit the proliferation of such microorganisms in the rhizosphere by modifying the composition of
root exudates [16, 30].
Symptoms of chlorosis were detected in all seedlings growing in p/pb substrate, probably due to deficiencies in Fe, Mg or
Mn [21]. High pH values in the p/pb substrate could affect the
availability of nutrients to the plant and their accumulation in
needles [21, 22, 36]. At high pH levels, metallic micro-nutrients
such Fe, Mn, Cu and Zn are converted to insoluble oxides and
hydroxides not available for the plants [36]. For this reason,
many conifers tend to show chlorosis symptoms when grown
in alkali soils, and different authors recommend a pH of 5–6
for their production [36]. The quality of a substrate for conifer
production is directly related with its water retention capacity
and the porosity [18], and usually a mixture of equal parts of
sphagnum peat and vermiculite is recommended as potting substrate for the production of mycorrhizal seedlings [4]. The vermiculite ameliorates the aeration properties of the substrate and
it has certain cation-exchange capacity which means higher
availability of nutrients like Mg and K for the plant [18]. In the
peat/composted pine bark substrate, the mixture of two organic
components gives a high C:N relation and this could be the
cause for the immobilisation of certain nutrients [4]. Ideally,
composted pine bark should be mixed with an inert substrate
such vermiculite, sand or perlite for a better aeration, fixing pH
levels not higher than 6 for the production of conifer seedlings.
Nevertheless, Mediterranean pines like P. pinea and P. halepensis
can properly grow in soils with neutral and even basic pH [29].
Among all fungi tested in this study, R. roseolus has demonstrated the highest infectivity of P. pinea seedlings even in
a substrate with high pH levels. Several species of the genus
Rhizopogon have been successfully used for controlled mycorrhization of different conifers in nursery [5, 6, 12]. Moreover,
the efficacy of R. roseolus in field trials for P. pinea establishment has been demonstrated [29]. Rhizopogon roseolus can be
considered as a good candidate for its application in nursery
inoculation programmes destined to produce containerised
mycorrhizal P. pinea seedlings.
Acknowledgements: This work was supported by the European Commission Contract AIR2-CT94-1149. The first author was granted (94/
97 FPI programme) by the Ministerio de Educación y Ciencia, Spain.
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