Chapter 2

The Ectomycorrhizal Symbiosis in South
America: Morphology, Colonization,
and Diversity

Alejandra G. Becerra and Marcelo R. Zak

2.1 Introduction

About 95% of the world’s living species of vascular plants belong to families that
are characteristically mycorrhizal (Trappe 1977). The symbiotic root—fungus asso-
ciations result from the coevolution between plants and fungi, which determined
mycorrhizae to be the norm in terrestrial plant nutrition, not the exception (Trappe
1977, 1987, Brundrett and Cairney 2002).

Among the seven types of mycorrhizae widely described (arbuscular, arbutoid,
ectendo, ecto, ericoid, monotropoid, and orchidaceous), both arbuscular mycorrhi-
zae (AM) and ectomycorrhizae (ECM) are the most abundant and widespread in
forest communities (Allen et al. 2003; Smith and Read 2008).

Forest communities cover approximately 33% of the world’s land surface
(Rumney 1968) being ECM the most frequent and widespread mycorrhizal type
in forests and woodlands of cool temperate and boreal latitudes. Forests character-
ized by the dominance of ECM woody species would have extended both through-
out the hemispheres and upwards in mountain areas at the expense of AM
woodlands (Malloch et al. 1980). On the other hand, even though various tropical
and subtropical trees throughout the world also form ECM (Moyersoen et al. 1998a, b,
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2001; Pérez-Moreno 1998; Founoune et al. 2002; Onguene and Kuyper 2002), most
of them form AM (Alexander 1989). This AM are obligate symbionts belonging to
the Glomeromycota phylum (Schiler et al. 2001), which have been found in trees,
shrubs, and herbs in all tropical regions (Janos 1980, 1985; Béreau et al. 1997,
Smith and Read 2008).

According to Singer and Morello (1960), ECM forests in South America con-
tinue the important ectomycorrhizal complex of Central America into Colombia,
where Quercus sp. (Fagaceae) appears. There is also a strip formed by Alnus
acuminata Kunth (Betulaceae) extended from Venezuela to Argentina, while the
largest and most important ectomycorrhizal area, the Nothofagus (Fagaceae) region
extends from 33° to 50°S. Beyond these naturally occurring forests, human activity
made possible the existence of many ECM forests of plant species naturally found
in the Northern Hemisphere, such as Pinus sp., Eucalyptus sp., Populus sp., Salix
sp., Larix sp., Cedrus sp., Betula sp., and Quercus sp. (Singer and Morello 1960)
with their ECM fungi of European and North American origin.

On this basis, the general aim of the present chapter is to review the ECM
symbiosis in South America with particular emphasis on its anatomical character-
istics. This will provide an organized structure essential for the better under-
standing of the plant—fungus mutualism in ectomycorrhizal associations in South
America, so adding new tools for the management and conservations of threatened
ecosystems.

2.2 ECM Studies in South America

The tradition on ECM research in South America is important. The great diversity
of available studies covers descriptions of mycorrhizal status, ECM fungi, inocula-
tions, colonization, and morphological characterization. Unfortunately, and due in
part to their abundance but often also to their inaccessibility, it is not possible to aim
at describing the whole array of studies carried throughout the continent. Therefore,
this chapter pretends to summarize the wide range of families and genera of
Angiospermae and Gymnospermae forests growing in South America in which
ectomycorrhizal studies have been carried.

Most ECM fungi can associate with various host plants, while the opposite is
also true, being it possible for a single host to form ECM with a number of different
fungi (Moyersoen 1993). Most studies analyzed (Table 2.1) present lists of ecto-
mycorrhizal fungi (most of which belong to the Basidiomycota phylum) and
taxonomic descriptions in exotic plants such as Pinus (P. radiata, P. elliottii),
Eucalyptus (E. citriodora, E. dunii, E. robusta), and Quercus. Among endemic
plants, most studies have been carried out in Nothofagus (N. obliqua, N. dombeyi,
N. alpina) forests. Besides, some of the associations found in these forests
are established with fungi species from exotic plantations (P. radiata en Chile)
(Garrido 1986).
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In South America, most studies on mycorrhizal status and ECM colonization
deal with the Fagaceae, Fabaceae, Nyctaginaceae, and Polygonaceae families
(Table 2.1). For the Nothofagus spp. forests of Chile, a colonization of 1.8—4.8%
and 19.6% has been reported by Carrillo et al. (1992) and Palfner et al. (2008),
respectively, while for the Nothofagus spp. forests of Argentina, it is of 79%
(Diehl et al. 2008). Meanwhile, for some genus of the Fabaceae family, Frioni
et al. (1999) reported a colonization that ranges between 17 and 36%, while
Moyersoen (1993) reported a 65% colonization for Aldinia kunhardtiana.

Most studies carried out for the Nyctaginaceae and Polygonaceae families refer
to the status of their species in terms of presence/absence of ECM (Singer and
Araujo 1979, St John 1980, Janos 1980, Béreau et al. 1997). In the particular case
of Neea obovata, N. robusta, and Guapira sancarlosiana (Nyctaginaceae), coloni-
zation was 100%, 7%, and 96%, respectively, while it was of 56% in Coccoloba
excelsa (Polygonaceae) (Moyersoen 1993).

Inoculation technologies appear as an alternative to the use of fertilizers since
they reduce both the costs of production and environmental contamination
(Garbaye 1990). ECM inoculations in South America have been carried almost
exclusively in introduced plants (Eucalyptus spp., Pinus spp., and Pseudostuga
menziesii), with the exception of Nothofagus spp. and Alnus acuminata. For this,
various techniques have been applied: spores from sporocarps mainly belonging to
the Basidiomycota phylum (Alpova diplophloeus, Laccaria laccata, Rhizopogon
roseolus, Suillus granulatus, among others); ECM culture micelia (micelia, airlift
bioreactors) in Eucalyptus spp. and Pinus spp.; and natural soil (potential inoculum)
for Pinus spp., Pseudotsuga menziesii, Eucalyptus dunii, E. citriodora, Nothofagus
alpina, N. dombeyi, and Alnus acuminata. All three techniques have been used for
introduced trees, while only spores and natural soil have been used for native
species.

2.3 Morphological and Anatomical Features of the ECM
in South America

The morphological and anatomical description of mycorrhizae and the identifi-
cation of their fungal partners are prerequisites for recognizing mycorrhizal biodi-
versity in ecosystems (Agerer 1991; Miller et al. 1991). Meanwhile, the occurrence
of natural ECM associations in the indigenous vegetation types from South
America has been virtually unexplored.

Table 2.2 summarizes the volume of ECM anatomotypes described in South
America for both native and introduced plants. Four anatomical complexes for
recognition of fungal relationships were used: (a) structure of outer mantle layers
in plan view, (b) structure of rhizomorphs, (c) shape of cystidia, and (d) features
of emanating hyphae (Agerer 1999, 2006). Besides, the cross section of mantle
area (e) was also considered, which showed useful for comparing the relative
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importance of the fungal partner in different plants for different ecosystems,
climates, and soils (Landim de Souza 2003). Table 2.2 does not consider morpho-
logical descriptions of seedlings grown under greenhouse conditions since, as
Agerer (2006) states, descriptions of ECM that are exclusively based on synthe-
sized material often do not provide features occurring in nature.

Out of the 85 ECM anatomotypes described in the different studies (every ECM
not identified to the species level was considered to be a different ECM), 35 were
identified up to their species, 20 to their genus, 5 to supraspecific groups, 1 to its
phylum, 4 were unidentified ECM morphotypes published under a binomial name
(Agerer 1986, 1987-2002, 1994, 1999), and 20 were unidentified ECM anatomo-
types lacking a name.

The associated fungi recorded in the 85 ECM descriptions were mostly Basi-
diomycota (55) and Ascomycota (6), although in 29 descriptions, the fungal
division could not be determined.

Morphotypes belonging to the Helotiaceae family (Ascomycota) showed plec-
tenchymatous mantles or, exceptionally, no mantle, as seen in Graffenrieda emar-
ginata from Ecuador (Haug et al. 2004). Cenococcum, the most cosmopolitan
morphotype, showed a black plectenchymatous mantle forming a characteristically
star-like pattern and frequently numerous black hyphae. Morphotypes belonging to
the Tuberaceae family showed a pseudoparenchymatous mantle with irregular cells
and awl-shaped cystidia.

Fungal families in the Basidiomycota were represented in ECM descriptions
as follows: Amanitaceae (2), Atheliaceae (1), Bolbitiaceae (1), Boletaceae (4),
Clavulinaceae (2), Cortinariaceae (11), Ramariaceae (1), Rhizopogonaceae (6),
Russulaceae (10), Paxillaceae (3), Sebacinaceae (1), Suillaceae (1), Thelephoraceae
(8), plus four supraspecific groups: Inocyboid (1), Russuloid (1), Thelephoroid (1),
and Tomentelloid (1).

Boletoid rhizomorphs were present in most Boletaceae, Paxillaceae, Rhizopo-
gonaceae, and Suillaceae ECM of Boletales families. In general, these morphotypes
showed plectenchymatous mantles frequently with ring-like patterns and the pres-
ence of crystals.

Among the Russulaceae, and as Agerer (2000) states, russuloid rhizomorphs are
combined with plectenchymatous mantles. Meanwhile, Russulaceae species with
pseudoparenchymatous mantles do not form rhizomorphs at all.

ECM belonging to the Cortinariaceae family was characterized by an extrama-
trical organized mycelia and undifferentiated or slightly differentiated rhizo-
morphs, while ECM of the Thelephoraceae family was characterized by a
heterogeneous mantle type assemblage (Agerer 2006). In this ECM, anatomotypes
plectenchymatous and pseudoparenchymatous mantles were found. Different from
Agerer (2006), the morphotype associated with Amanita muscaria (Amanitaceae)
showed a plectenchymatous mantle, while the Sebacina sp. morphotype (Sebaci-
naceae) presented rhizomorphs.

The morphotypes of Amphinema byssoides (Atheliaceae), Descolea anarctica
(Bolbitiaceae), and Gautieria inapire (Ramariaceae) show similar characteristics
than those described by Agerer 2006.
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2.4 Conclusion

Although more than 90% of terrestrial plants are associated with mycorrhizal fungi,
and two-thirds of them are AM, ECM tree species are also notorious in South
American forests. This review summarizes the ectomycorrhizal studies carried out
in the neotropical ecozone and provides information about ECM fungi and their
anatomical characteristics.

The analyzed studies reveal that most fungal symbionts are Basidiomycota, and
that most studies on mycorrhizal status and ECM colonization deal with the
Fagaceae, Fabaceae, Nyctaginaceae, and Polygonaceae families. Meanwhile,
the three inoculum techniques (spores from sporocarps, culture mycelia, and natural
soil) have been used for introduced trees (Eucalyptus spp., Pinus spp., and
Pseudostuga menziesii), whereas only spores and natural soil have been used for
native species (Nothofagus spp. and Alnus acuminata). The associated fungi
recorded in the 85 ECM anatomotypes reviewed were mostly Basidiomycota and
a few Ascomycota, mostly found on native species (77%).

An important byproduct of this review is the realization of the existence of many
gaps in the existing knowledge of ECM in South America. This suggests
that mycorrhizologists should focus on little known/studied geographic areas,
ecosystems, host trees, and fungal groups to reveal those aspects of the ECM
symbiosis in South America, which may have practical applications in, for
example, afforestation and environmental management programs. This knowledge
may also be an important contribution to the conservation community, in a time
when firsthand knowledge for urgent decisions is required.
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