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Abstract Positive interactions between cushion plant and
associated plants species in the high Andes of central Chile
should also include the effects of fungal root symbionts. We
hypothesized that higher colonization by arbuscular mycor-
rhizal (AM) fungi exists in cushion-associated (nursling)
plants compared with conspecific individuals growing on
bare ground. We assessed the AM status of Andean plants
at two sites at different altitudes (3,200 and 3,600 ma.s.l.)
in 23 species, particularly in cushions of Azorella madre-
porica and five associated plants; additionally, AM fungal
spores were retrieved from soil outside and beneath
cushions. 18 of the 23 examined plant species presented
diagnostic structures of arbuscular mycorrhiza; most of
them were also colonized by dark-septate endophytes.
Mycorrhization of A. madreporica cushions showed differ-
ences between both sites (68% and 32%, respectively). In
the native species Hordeum comosum, Nastanthus agglom-
eratus, and Phacelia secunda associated to A. madreporica,

mycorrhization was six times higher than in the same
species growing dispersed on bare ground at 3,600 ma.s.l.,
but mycorrhiza development was less cushion dependent in
the alien plants Cerastium arvense and Taraxacum offici-
nale at both sites. The ratio of AM fungal spores beneath
versus outside cushions was also 6:1. The common and
abundant presence of AM in cushion communities at high
altitudes emphasizes the importance of the fungal root
symbionts in such situations where plant species benefit
from the microclimatic conditions generated by the cushion
and also from well-developed mycorrhizal networks.

Keywords Plant cushion communities .Mycorrhizal
fungi . Positive interactions . Facilitation effects . Alien
plants

Introduction

Cushion plants are well adapted to the extreme environ-
mental conditions which prevail in high altitudes and
latitudes. Due to their low stature, compact architecture,
and thick canopy, they generate a microclimate which
mitigates the adverse conditions of the surrounding envi-
ronment (Arroyo et al. 2003; Cavieres et al. 2006; Körner
2003). Increased moisture and nutrient content of soil
beneath cushions due to accumulation of plant bio- and
necromass are additional beneficial factors which promote
the establishment of seedlings of other plant species within
cushions, especially herbs and grasses (e.g., Cavieres et al.
2006, 2007). For the high Chilean Andes, Cavieres and
Badano (2009) reported that a mere 10% cover by cushion
plants produces a substantial increase in species richness at
the entire community level, and they attributed this
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phenomenon to facilitation effects provided by the cushion
matrix.

The presence and functional role of mycorrhizal fungi in
this particular environment has been sparsely studied. As
suggested by Callaway (2007), it can be assumed that
mycorrhizal associations in cushion communities at high
elevations profit from higher levels of moisture and organic
matter inside the cushions, conditions which also enhance
the establishment of mycorrhizal nursling plants through
connections to a common mycorrhizal network, as has been
shown for ectomycorrhizal trees where mycelia radiating
from one plant function as a source of colonization for
neighboring host plants (Newman 1988, Nara 2006).
Transfer of mycorrhiza-mediated resources may also occur
between plants (Heap and Newman 1980a, b). However,
the term facilitation should be used with caution when
referring to the positive effects of mycorrhizal networks on
plant communities, considering that the original definition
of facilitation excludes trophic benefits (Brooker et al.
2008).

Although pioneer research of interspecific resource
fluxes mediated by mycorrhizal networks has been per-
formed on AM associations (Grime et al. 1987; Heap and
Newman 1980a, b), most related studies in alpine environ-
ments focus on ectomycorrhizal communities (Nara and
Hogetsu 2004; Nara 2006). Van der Heijden and Horton
(2009) reviewed the putative effect of mycorrhiza in
facilitation scenarios for seedlings and showed that this
effect is more pronounced in ectomycorrhizal communities
than in AM associations but also stressed that more
investigations of the latter are required.

Despite their omnipresence on a global scale, AM fungi
have been reported to be less common in European alpine
ecosystems (Körner 2003; Read and Haselwandter 1981)
where their abundance decreases with altitude, and where
partial or complete replacement by dark-septate endophytes
(DSE) may occur (Dhillion 1994; Read and Haselwandter
1981; Ruotsalainen et al. 2004; Väre et al. 1997).
Completely isolated plants above 3,000 m in the Alps or
in alpine–arctic locations usually lack mycorrhizas (Read
and Haselwandter 1981; Väre et al. 1992, 1997). Poor
establishment of mycorrhizal associations at these sites has
been attributed to the short growing season, low temper-
atures, and the abundance of nutrients in meltwater
(Haselwandter et al. 1983). However, recent studies show
that AM associations in alpine ecosystems are not neces-
sarily rare (Cripps and Eddington 2005). For instance, Oehl
et al. (2006, 2008) reported a remarkably high spore
diversity of AM fungi at high altitudes in the Swiss Alps
(1,000–3,000 ma.s.l.), where at least 60 species, some new
to science, were found in mountain grasslands.

Few studies have been conducted on mycorrhiza in
Andean plants (Barnola and Montilla 1997; Lugo et al.

2003; Schmidt et al. 2008). Menoyo et al. (2007) found that
in a Polylepis forest above 2,800 m in central Argentina,
AM and colonization by DSE are widespread. High
mycorrhizal and fungal diversity has been found in
mountain grasslands in Argentina (Lugo and Cabello
2002; Lugo et al. 2003). A study realized in the Peruvian
Andes by Schmidt et al. (2008) indicates that the upper
limit for AM can be as high as 5,250 m, opening new fields
of research in this zone of scarce soil nutrients where
mycorrhizal fungi should be particularly beneficial.

Although most plant families present in the high Andean
cushion communities are known to form arbuscular
mycorrhiza, no specific information about status and
abundance of mycotrophy in this particular environment
exists. In this study, we evaluate the presence of AM fungi
and DSE in plant communities dominated by cushion-
forming Azorella madreporica in the Andes of central Chile
at two sites at different altitudes. The working hypothesis is
that inside cushions, AM associations develop better than
outside cushions and that this difference is expressed in the
relative frequency of mycorrhizal structures associated with
plants growing under both conditions. Relative root
colonization and number of soil-borne AM fungal spores
were compared between A. madreporica and associated
plants growing inside and outside cushions to assess the
potential role of the symbiotic association in the facilitation
effects on cushion plants.

Materials and methods

Study site

Research was carried out at two sampling sites of
approximately 5,000 m2 at Cerro Franciscano (3,600 ma.
s.l) and at Valle Nevado (3,200 ma.s.l) in the Andes of
central Chile (33°19′ S, 70°15′ W) where the vegetation is
dominated by cushion-forming plants. Climatic conditions
are alpine with a Mediterranean-type influence, character-
ized by cold and rainy winters followed by dry summers
which last around 4–6 months. The annual average
precipitation above 3,000 ma.s.l. is 943 mm, with main
snowfall between May and October. The monthly average
air temperature at 3,150 ma.s.l., during the growth season,
fluctuates between 3°C in April and 7.6°C in February
(Cavieres and Arroyo 1999). Soil at both sampling sites
corresponds to a clay type and is characterized by values
for total nitrogen between 13–14 ppm, total phosphorus
between 4–7 ppm, and pH between 6.4–6.5 (Cavieres et al.
2000).

Vegetation is dominated by dwarf shrubs and cushion
plants, with the occurrence of perennial and rosette herbs at
higher elevations. Above 2,800 ma.s.l., the dominant

614 Mycorrhiza (2011) 21:613–622



cushion- forming species is Laretia acaulis (Cav.) Gillies
and Hook. whereas above 3,200 ma.s.l. it is replaced by A.
madreporica Clos (Cavieres et al. 2000). A. madreporica
(Apiaceae), or “leña de piedra”, is distributed in Chile
between 33° to 55° S along the Andes. The cushion
diameter in the study area fluctuates between 10 and more
than 100 cm (Hoffmann et al. 1998).

Analysis of AM colonization

During the summer of 2005–2007 (between February and
March), roots of the most frequent plant species, belonging to
several families (Table 1), were collected. Roots were dug out,
cut at the hypocotyl, moistened and put with the adhering soil
into plastic bags. All plants were identified and root samples
were stored in a cooler while being transferred to the
laboratory. The chosen plants growing both inside and outside
Azorella cushions were the native species Nastanthus agglom-
eratus Miers, Hordeum comosum J. Presl, and Phacelia
secunda J.F. Gmel., as well as the alien species Cerastium
arvense L., and Taraxacum officinale F.H. Wigg. The speci-
mens on bare ground were collected at a minimum distance of
1 m from the cushions to avoid root contact effects. Once in
the laboratory, roots were carefully washed in tap water to
remove soil particles and organic matter, fixed in 70% ethanol
and subsequently cleared and stained with Trypan blue or
aniline blue according to Brundrett et al. (1996). Selected
stained root segments were mounted on glass slides in
lactoglycerol and observed with an Olympus CX31 micro-
scope (Olympus, Tokyo, Japan) at ×100 to ×1,000 magnifi-
cation. Details of root and mycorrhizal structures were
documented by digital photomicrographs using a Moticam
2000 digital microscope camera, and edited using Motic
Images Plus 2.0 software (Motic, Hong Kong, China).

Percentage mycorrhization (presence of AM fungal
structures per cm root length) was calculated using the
Trouvelot et al. (1986) method (cited in Covacevich et al.
2001). Twenty 1-cm segments of stained fine roots were
mounted on a slide and observed at ×40 magnification.
Every root segment was assigned to a relative category of
mycorrhization from 0 (0% of mycorrhization) to five
(>95% mycorrhization).

The mycorrhization percentage was then calculated as
follows:

MTrouvelot %ð Þ ¼ n1 þ 5n2 þ 30n3 þ 70n4 þ 95n5ð Þ=N

MTrouvelot (%) is symmetrical in the 5–95% range, N is
the number of observed segments, n1 to n5, represents the
number of segments categorized as 1 to 5, respectively. The
mycorrhization percentage was obtained for each plant
(Covacevich et al. 2001). The presence of DSE was only
qualitatively recorded.

AM fungal spore extraction

Soil samples were taken for spore extraction inside and
outside the Azorella cushions at 3,600 ma.s.l. and
deposited in plastic bags. Soil samples from around three
individuals of each plant species were pooled into one
sample of approximately 1 kg and transferred in a cooler
to the laboratory. Spore extraction and separation was
carried out according to Brundrett et al. (1996) by passing
water-suspended 20 g subsamples through a series of
sieves (500-, 250-, 53-μm mesh size), followed by
resuspension and centrifugation of each fraction in a
50% sucrose solution. The supernatant containing spores
was filtered (Advantec GA55 glass fiber filter) using a
vacuum pump and filters were stored in Petri dishes. The
extraction procedure was repeated twice for each soil sample.
For quantification, filters with spores were observed under a
dissecting microscope (Nikon SMZ645, Tokyo, Japan) with a
cold light source (ECO Light 150, 180 W), and homoge-
neously distributed on the filter with dissection needles for
counting. The most frequent spore morphotypes were
mounted on slides and documented by photomicrographs.

Statistical analyseis

Prior to analyses, data were tested for normality with the
Shapiro Wilkes test. As the percentage mycorrhization
(%M) was not normal, a non parametric Kruskal–Wallis test
was carried out to compare %M between plants growing
within and outside cushions, among plant species and
sampling sites (Cerro Franciscano and Valle Nevado). For
spore number, data were normal and one-way ANOVA
were used, considering growing position (inside vs. outside
cushions) as the independent variable.

Results

Arbuscular mycorrhiza and dark-septate endophytes

Twenty-three common plant species found at both sites
on Cerro Franciscano and Valle Nevado, principally
perennial herbs and cushion plants belonging to 13
families, were analyzed for presence or absence of
mycorrhizal structures and DSE (Table 1). Fifteen species
belonging to 11 families (65% of the sampled species)
presented arbuscular mycorrhiza (Table 1; Fig. 1), whereas
18 plants showed DSE structures (Table 1; Fig. 2).
Diagnostic AM structures included intra- and extracellular
hyphae, arbuscules, vesicles, and hyphal coils (Table 2;
Fig. 2).

Mycorrhization in A. madreporica cushions was differ-
ent at both sampling sites (p=0.03), reaching 68% at Cerro
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Franciscano and 32% at Valle Nevado (at 3,600 ma.s.l. and
3,200 ma.s.l., respectively). Similarly, the plant species P.
secunda and C. arvense associated with the cushions
showed colonization levels of 81% versus 54% (Fig. 3b,
f) and 74% versus 38% (Fig. 3a, e), respectively. The other
plant species either did not show significant differences or
were not found at both sites. Consistent and highly
significant differences were found for percentage
mycorrhization in most associated plant species when
growing on bare ground (0.3% to 32%) compared with
growing within A. madreporica cushions (29% to 80%,
p=0.0001; Fig. 3, Table 3). Across all the examined

associated species, mycorrhization inside cushions was
about six times higher than on bare ground. When
considering the combination of sampling sites and relative
position, a highly significant interaction between both
parameters was observed (p≤0.0001), with the lowest
mycorrhization found in plants growing on bare ground at
Cerro Franciscano (Fig. 3e–h).

Interestingly, the two alien plants species, C. arvense and
T. officinale (Fig. 3a, d), showed the highest mycorrhization
values when growing on bare ground at Valle Nevado, in
contrast to the always higher values inside cushions of the
native associated species (Fig. 3).

Plant species Life-form Altitude (m a.s.l.) AM DSE

APIACEAE

Azorella madreporica Clos C 3,200, 3,600 + +

Laretia acaulis (Cav.) Gillies and Hook. C 3,200 + +

Pozoa coriacea Lag. PH 3,600 + +

ASTERACEAE

Chaetanthera lycopodioides Cabrera ANN 3,200 − −
Erigeron andicola DC. PH 3,600 + +

Nassauvia lagascae (DON) F. Meigen PH 3,200 − +

Perezia carthamoides Hook. and Arn. PH 3,200 − −
Senecio bustillosianus Remy PH 3,200 + +

Senecio francisci Phil. PH 3,200 + +

Taraxacum officinale F.H. Wigg.a PH 3,200, 3,600 + +

CALYCERACEAE

Nastanthus agglomeratus Miers PH 3,200, 3,600 + +

CARYOPHYLLACEAE

Cerastium arvense L.a PH 3,200, 3,600 + +

FABACEAE

Adesmia sp. PH 3,600 − −
HYDROPHYLLACEAE

Phacelia secunda J.F. Gmel. PH 3,200, 3,600 + +

OXALIDACEAE

Oxalis compacta Gillies ex Hook. and Arn. PH 3,600 + +

POACEAE

Hordeum comosum J. Presl PH-G 3,200, 3,600 + +

PORTULACACEAE

Calandrinia caespitosa Gill. ex Arn. PH 3,600 − −
Montiopsis sericea (Hook. and Arn.) D.I. Ford PH 3,200 − +

RANUNCULACEAE

Barneoudia major Phil. PH-R 3,600 + +

ROSACEAE

Acaena pinnatífida Ruiz and Pav. PH-R 3,200 + +

SCROPHULARIACEAE

Melosperma andicola Benth. SUFF 3,200 − +

VIOLACEAE

Viola atropurpurea Leyb. ANN 3,600 + +

Viola philippii Leybold ANN 3,200 − −

Table 1 Fungal associations
(arbuscular mycorrhiza (AM)
and dark-septate endophytes
(DSE)) in plant families collected
from Cerro Franciscano (3,600 m
a.s.l.) and at Valle Nevado
(3,200 ma.s.l.) in the Andes of
central Chile

Life-forms are: C cushion species,
ANN annual species, PH perenni-
al herb, PH-R rhizomatous peren-
nial herb, PH-G perennial grass,
SUFF suffruticose
a Alien species
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Soil-borne spores

About six times more spores per volume of soil were found
beneath Azorella cushions and associated species compared
with soil outside cushions (43.8±13.8 and 14±2.4
spores g−1, respectively, Table 3). Two spore morphotypes,
a Glomus type (Fig. 4a in the Electronic supplementary
material) and an Acaulospora type (Fig. 4b–d in the
Electronic supplementary material) could be distinguished,
based on spore wall characteristics.

Discussion

This study, based on the first mycorrhizal survey of Andean
plants from central Chile, contributes to the little existing
information about the mycorrhizal status of alpine cushion
plants. So far, there have been only few reports on AM in
plants growing at high altitudes in the Andes, in Venezuela
(Barnola and Montilla 1997) and in Peru (Schmidt et al.
2008). Our findings that about 65% of plant species
growing above 3,000 ma.s.l. present AM is in accordance
with the global presence of this association in the tundra/

alpine biome (Dhillion 1994; Cripps and Eddington 2005;
Johnston and Ryan 2000; Oehl et al. 2006, 2008; Treseder
and Cross 2006). In contrast to the observation of decreases
in AM with increasing elevation in the northern hemisphere
(Read and Haselwandter 1981; Ruotsalainen et al. 2004;
Väre et al. 1992, 1997), our results confirm that AM fungi
can follow their plant hosts without an altitudinal limit,
confirming the observation by Schmidt et al. (2008) who
found AM associations above 5,000 ma.s.l. in the Peruvian
Andes.

DSE were also present in 78% of roots of the studied plant
species growing on bare ground and inside Andean nurse
cushions. These fungi, whose identity and possible mutualis-
tic role remain to be fully understood (Haselwandter 1987;
Jumpponen and Trappe 1998; Mandyam and Jumpponen
2005), are well described in alpine ecosystems (Read and
Haselwandter 1981) and have also been reported in the
Peruvian Andes (Schmidt et al. 2008).

Nevertheless, not all analyzed plant species were found
to be mycorrhizal although belonging to families where
AM associations are common (Table 1). This was the case
for two Asteraceae (Chaetanthera lycopodioides and
Perezia carthamoides) and a Violaceae (Viola philippii).

Fig. 1 Examples of AM fungal
structures in roots of plants from
inside cushions (IC) of Azorella
madreporica or growing on bare
ground outside cushions (OC),
stained with Trypan blue; a root
tip of Hordeum comosum with
strong AM colonization IC,
bar=200 μm; b fine AM
endophytes in root of Phacelia
secunda IC, bar=20 μm; c
arbuscules in root of Erigeron
andicola OC, bar=20 μm; d
arbuscule in root of Cerastium
arvense IC, bar=20 μm; e
hyphal coils and vesicles in root
of Erigeron andicola OC,
bar=20 μm; f vesicle in root
of Acaena pinnatifida OC,
bar=20 μm

Mycorrhiza (2011) 21:613–622 617



Schmidt et al. (2008) also reported that Perezia coerulescens
lacked AM in a Peruvian Andes site above 5,200 ma.s.l.,
although it was colonized by DSE. It is worthy to note for V.
philippii that the congeneric species V. atropurpurea, which
was found only at Cerro Franciscano (3,600 ma.s.l.), showed
the presence of both AM fungi and DSE in roots. The lack
of mycorrhiza in the above species which all came from bare
areas outside Azorella cushions may relate to a local low
level or lack of AM fungal inoculum in soil, an aspect which
is discussed below.

It has been demonstrated that cushion-forming plants are
highly efficient engineers of new habitats in high altitude
Andean ecosystems. Due to their particular growth form,
the underlying soil maintains higher moisture and a more

even temperature than in open areas, facilitating the
establishment and growth of different plant species with
increasing species richness at the entire community level
(Cavieres et al. 2006, 2007, 2008). How important are
mycorrhizal fungi as mediators or direct contributors of
positive interactions in these particular communities?

Our results clearly indicate that A. madreporica cushions
promote the development of AM associations compared
with scattered plants outside cushions. This is in agreement
with the results obtained by Genney et al. (2001) who
showed higher AM colonization in swards of Nardus stricta
than in isolated plants of the same species. The involvement
of mycorrhiza in the facilitation phenomena has also been
observed in an alpine ectomycorrhizal community at Mount

Plant species Hyphal coils Intraradical hyphae Arbuscules Vesicles

Acaena pinnatífida X X X X

A. madreporica X X X

Barneoudia major X X X

Cerastium arvense X X X X

Erigeron andicola X X X X

Hordeum comosum X X X X

Laretia acaulis X X

Nastanthus agglomeratus X X

Oxalis compacta X X X

Phacelia secunda X X X X

Pozoa coriacea X X X

Senecio bustillosianus X X

Senecio francisci X X

Taraxacum officinale X X X X

Viola atropurpurea X X X

Table 2 AM fungal structures
found in fine roots of Azorella
madreporica and associated
plant species from Cerro Fran-
ciscano (3,600 ma.s.l.) and Valle
Nevado (3,200 ma.s.l.) in the
Andes of Central Chile

Fig. 2 Examples of dark-
septate endophytic fungal struc-
tures in fine roots of plants
growing in cushions of Azorella
madreporica; a overview of root
of Melosperma andicola with
pigmented runner hyphae and
early-stage sclerotium-like
structure (arrowhead), bar=
50 μm; b hyphae and
sclerotium-like intracellular
structures in root of Hordeum
comosum, bar=20 μm; c close-
up of hyphae and sclerotium-
like intracellular structure in root
of Hordeum comosum,
bar=20 μm; d hyphae and
dictyospore-like intracellular
structure in root of A.
madreporica, bar=20 μm
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Fuji, Japan, where seedlings of Salix reinii and two other
dwarf tree species do not form ectomycorrhiza unless they
are located near established S. reinii shrubs (Nara and
Hogetsu 2004).

Cushions of A. madreporica grow very slowly, and it
can be assumed that larger cushions, due to their old age
and stable rhizosphere conditions (Halloy 2002; Körner
2003), possess a well-developed mycorrhizal community
which enhances colonization of nursling species roots.
Mycorrhization of conspecific plants outside cushions,

contrastingly, should be restricted due to the limited
dispersal of AM fungal propagules (Genney et al. 2001)
and less dense mycorrhizal mycelia in the unprotected
upper soil layer where hyphal proliferation may be
hampered by the combined disturbance of oscillating
climatic extremes and soil movement, typical for alpine
soils (Körner 2003). Lower density of AM soil mycelia and
less root colonization has also been observed in Sonoran
desert cacti growing outside nurse tree islands as compared
with individuals inside these islands (Carrillo-Garcia et al.

a

b

c

d

e

f

g

h

Fig. 3 Relative mycorrhization
(%) of plants growing in Azor-
ella madreporica cushions or on
bare ground at Valle Nevado
(3,200 ma.s.l.) and Cerro Fran-
ciscano (3,600 ma.s.l.). Values
are means+SE (n=3) for each
plant species
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1999). The same study reported a 1:7 ratio of soil-borne
AM fungal propagules from bare area versus resource island
habitat, which is strikingly similar to our data of spore
counts. If we assume that spore number and density of
mycelium in soil is positively related to the frequency of AM
fungal hypha entry points and colonization units in host plant
roots, both parameters could help to explain the six- to
sevenfold higher relative mycorrhization under cushions of
A. madreporica compared with the situation on bare
ground, although a high number of AM fungal spores in
soil is not always correlated with high mycorrhization
levels of roots (Smith and Read 2008).

Consequently, facilitation effects should also be regarded
from the viewpoint of mycorrhizal networks where fungus-
root associations formed or maintained by one plant are
beneficial to other plants (van der Heijden and Horton
2009). As has been shown for alpine grasslands, closed and
diverse plant communities are characterized by higher
mycorrhizal colonization than in more spatially separated
plants of the same environment, and this phenomenon has
been explained by the “close contact between roots” which
enhances the spread of mycorrhizal fungi through infective
hyphae (Read and Haselwandter 1981). Root exudates, which
should be more abundant in dense cushion communities,
have been shown to enhance the germination of spores as
well as the primarily branching of extraradical hyphae (Buée
et al. 2000; Elfstrand et al. 2005). It has also been proposed
that closer root contact decreases the competitive effect
between plant individuals in a dense community, and may
thus promote denser mycorrhizal networks.

A. madreporica, which is the main facilitator species in
the cushion belt of the Andes Cordillera in central Chile
(Fajardo et al. 2008), presented a high level of AM colo-
nization. At both sites, four of the associated plant species
growing within A. madreporica cushions (C. arvense, P.
secunda, H. comosum, and N. agglomeratus) also showed
higher levels of mycorrhization compared with conspecific
individuals growing on bare ground, whereas P. secunda

grows well inside and outside cushions at both altitudes
(Quiroz et al. 2009). For C. arvense and T. officinale, which
are introduced species from the northern hemisphere
(Matthei 1995), no strong difference in mycorrhization was
observed between plants growing inside and outside cush-
ions at 3,200 ma.s.l., although mycorrhiza levels of both
species were highest on bare ground at both the sites. This
may explain their high invasive success (Matthei 1995;
Cavieres et al. 2005). C. arvense has been previously
classified as non-mycorrhizal (Harley and Harley 1987;
Fontenla et al. 1998; Tester et al. 1987) and at the same time
it is hardly found above 1,000 ma.s.l. in central Europe
(Seybold 1993). It has been previously shown that cushions
of native plants like L. acaulis and A. madreporica offer
favorable microclimatic conditions for seed germination and
seedling establishment of other native and introduced plants
(Cavieres et al. 2005, 2007; Quiroz et al. 2009). Our finding
that C. arvense is regularly mycorrhizal in the high Andes
indicates that it may also be the well-developed mycorrhizal
community within these cushions which makes them
stepping stones for the expansion of plants in this environ-
ment which are normally restricted to lower altitudes. This
hypothesis is supported by Read and Haselwandter (1981)
who observed fine AM endophytes in Cerastium uniflorum
in alpine ecosystems at 2,500 ma.s.l.

The diversity of AM fungi inside and outside cushions
remains to be assessed, as well as an eventual phenomenon
of species specificity between the mycobionts and
Phytobionts. Previous studies have shown that increased
richness of AM fungal species and the presence of
particular fungal taxa in defined plant communities also
enhance plant diversity and productivity (Vogelsang et al.
2006). A preliminary analysis of intraradical structures,
spores, and ITS sequences indicate that the same AM
fungal species may be present not only in the cushion
plants and their associates H. comosum, Erigeron andicola
and Nasthantus spp. but also outside cushions (Torres-
Mellado et al., unpublished data).

Source of variation H P SS df MS F

Mycorrhizal percentage

Species 0.4 0.9947

Sampling sites 10.86 0.2099

Position 12.91 <0.0001*

Species×sites 0.42 0.8594

Species×position 14.82 0.0006*

Position×sampling sites 13.08 <0.0001*

Species×sampling sites×position 15.65 0.0035*

Spore number

Position (outside/inside) 0.0001* 3,328,660.17 1 3,328,660.17 209.88

Error 63,440.67 4 15,860.17

Table 3 Statistical analyses for
mycorrhizal status in plant spe-
cies growing in Azorella madre-
porica cushions or growing on
bare ground, in the Andes of
central Chile

Kruskal–Wallis for percentage
of mycorrhization and ANOVA
for spore number

*p<0.05, significant differences
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In conclusion, the impact which facilitation by cushion
plants has on plant diversity and community structure in the
high Andes (Cavieres et al. 2005, 2006, 2007) may be
generated not only through the improvement of abiotic
conditions but also through the promotion of denser
mycorrhizal networks which are supposed to enhance
resource mobilization and transfer in plants. In addition
for native Andean plants, mycorrhization could be an
essential factor of cushion-mediated facilitation, whereas
alien plant species may be less dependent on the mycor-
rhizal community inside the cushion. Results from the
present study raise more questions about the interactions
between mycorrhizal fungi, A. madreporica cushions and
associated plants, and whether these enhance seedling
survival as has been shown for H. comosum in cushions
of L. acaulis (Cavieres et al. 2005).
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