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ABSTRACT: Araucaria angustifolia is an important Brazilian conifer, but it is endangered of
extinction due to excessive logging. The objective of the present case study was to survey data on
the diversity of AMF in Araucaria angustifolia forests, and to learn whether it is possible to
discriminate between the AMF communities associated with natural, introduced, and impacted-by-
anthropogenic-action ecosystems. Three ecosystems representative of the Campos do Jordão (São
Paulo State, Brazil) region were selected, as follows: (i) a native climax forest, with predominance of
Araucaria trees, without anthropogenic interference (NF), (ii) Araucaria forest introduced in 1959
(RE), and (iii) Araucaria forest introduced in 1958, submitted to accidental fire in July 2001 (RF).
Sampling of rhizosphere soil was performed at a 0-20 cm depth around each Araucaria tree, and 2 m
from the trunk, in the months of May and October, 2002. AMF spores were separated from the soil,
counted, and taxonomically identified, while the roots were evaluated for mycorrhizal colonization.
The ecological indices R (Richness), Is (Simpson’s dominance index) and H (Shannon’s diversity
index) were calculated. All the data were submitted to univariate (two-way ANOVA) and
correspondence analysis (CA). Considering both samplings and the three areas, twenty-six AMF
species were found, distributed among five genera, Acaulospora and Glomus being the most frequent
ones. There were no differences among the three areas for R, Is, and H. CA demonstrated that there
is a spatial separation among the three areas, and the AMF that preferentially associated with each
area.
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COMUNIDADES DE FUNGOS MICORRÍZICOS ARBUSCULARES
EM FLORESTA NATIVA E REPLANTADA DE ARAUCÁRIA

RESUMO: A Araucaria angustifolia é uma importante conífera brasileira, mas encontra-se ameaçada
de extinção. Levantaram-se dados sobre a diversidade de fungos micorrízicos arbusculares (FMAs)
em florestas de Araucaria angustifolia, visando a discriminar entre as comunidades de FMAs
associadas com ecossistemas natural, implantado e impactado pela ação antrópica. Foram
selecionados três ecossistemas representativos da região de Campos do Jordão (estado de São
Paulo), sendo: (i) Floresta nativa com predominância de araucária, em clímax, sem interferência
antrópica (FN); (ii) Floresta de araucária introduzida em 1959 (RE); e (iii) Floresta de araucária
introduzida em 1958, submetida a uma queima acidental em julho de 2001 (RF). As coletas de solo
rizosférico foram realizadas, na profundidade 0-20 cm, ao redor de cada árvore e a 2 m do tronco, nos
meses de maio e outubro de 2002. Determinaram-se a densidade, diversidade, esporulação,
colonização radicular e realizou-se a identificação morfológica dos FMAs. Os índices ecológicos R
(Riqueza de espécies), Is (índice de dominância de Simpson) e H (índice de diversidade de Shannon)
foram calculados. Os dados foram submetidos à análise univariada (two-way ANOVA) e análise de
correspondência (AC). Considerando os dois períodos de amostragem e os três ecossistemas
estudados, foram identificadas 26 espécies de FMAs, sendo os gêneros Acaulospora e Glomus os
mais freqüentes. Não houve diferenças para R, Is e H entre as três áreas estudadas. A AC demonstrou
que houve separação espacial entre as três áreas e quais foram às espécies de FMAs
preferencialmente associadas em cada área.
Palavras-chaves: FMA, pinheiro brasileiro, diversidade, densidade de esporos, fogo acidental
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INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) (order
Glomales, phylum Glomeromycota) are obligate sym-
bionts that colonize roots and form a symbiotic asso-
ciation with most of terrestrial plants (Smith & Read,
1997). In the establishment of this symbiosis, plants
are benefited by greater P absorption, while the fungi
extract carbon from the plant for their development
and sporulation. AMF and their interactions contrib-
ute to cycling, transport of nutrients (Chen et al.,
2005), and plant productivity and are considered im-
portant components for the sustainability of agricul-
tural systems (Barea, 1991; Smith & Read, 1997). They
are distributed through the most diverse ecosystems
(Janos, 1980; Klironomos et al., 1999), and can de-
termine the structure and composition of plant com-
munities (Heijden et al., 1998; Klironomos et al., 2000;
O’Connor et al., 2002; Heijden, 2002); plant commu-
nities, in turn, can affect the survival and reproduc-
tion of AMF communities (Sanders & Fitter, 1992;
Eom et al., 2000). Any soil disturbance, such as the
occurrence of fire, may change the structure of AMF
or even decrease the number of AMF species (Moreira
et al., 2007a). However, the structure of AMF com-
munities and distribution in natural Araucaria ecosys-
tems in Brazil is little known and has not been suffi-
ciently studied.

AMF species are identified based on morphologi-
cal characteristics of spores, and thus are very impor-
tant to determine the AMF distribution (Smith & Read,
1997). Variations in moisture (Anderson et al., 1983),
organic matter content (Klironomos et al., 1993), pH
(Robson & Abbott, 1989), and temperature (Koske,
1987) may affect abundance of AMF spores.

Nowadays, natural Araucaria angustifolia
(Bertoloni) Otto Kuntze forests are threatened in Bra-
zil (IBAMA, 1992) and very little is known about the
diversity of microorganisms associated with this eco-
system (Moreira et al., 2006). However, several stud-
ies on AMF in Araucaria angustifolia have been car-
ried out (Milanez & Monteiro, 1950; Oliveira &
Ventura, 1952; Bononi et al., 1989; Breuninger et al.,
2000; Moreira-Souza et al., 2003, Moreira et al., 2006;
Moreira et al., 2007a). Moreira-Souza & Cardoso
(2002) demonstrated that Araucaria is a mycotrophic
plant. The parameters that are modified by distur-
bances in native rain forests in Mexico were studied
by Violi et al. (2008).

Spore abundance and root colonization data from
this sampling has been published elsewhere (Moreira
et al., 2006). The focus with this present study was
to survey data on the diversity of AMF in Araucaria
angustifolia forests, in order to learn whether it is pos-

sible to discriminate between the AMF communities
associated with natural, introduced, and impacted-by-
anthropogenic-action ecosystems, using univariate
(two-way ANOVA) and correspondence analysis (CA)
to determine the relative importance of time and space
on differences observed, and focus more of the dis-
cussion on the differences in morphotypes among the
three ecosystems.

MATERIAL AND METHODS

Study sites, treatments and sampling
The sampling sites were in native and replanted

Araucaria angustifolia forests at Parque Estadual de
Campos do Jordão (PECJ, a State Park) (22°44’ S and
45°30’ W), located in Campos do Jordão, State of São
Paulo, Brazil. The climate is characterized as subtropi-
cal (upland), mesothermal, and humid (Köppen). The
mean annual rainfall is 1,804 mm, and the mean tem-
perature ranges from 17.5ºC in the hottest month (Feb-
ruary) to 11.5°C in the coolest month (June), with the
occurrence of below-freezing temperatures. In May
(autumn, cool and dry), maximum temperature was
23.2°C and the lowest only 0.9°C. In October (spring,
warmer and wet), maximum temperature was 35.1°C
and the lowest 5.2°C (Moreira et al., 2006; Baretta et
al., 2007).

In each ecosystem five Araucaria trees were ran-
domly selected. Three soil cores were taken around
each of five trees in order to assess the within-tree
variability (15 sampling points for ordination analysis).
The studied ecosystems included: (i) a native climax
forest with predominance of Araucaria trees (approxi-
mately 100-year-old trees), without anthropogenic in-
terference (NF), (ii) a reforested area with Araucaria,
introduced in 1959 (RE), and (iii) a reforested area in-
troduced in 1958, submitted to accidental fire in July,
2001 (RF). The soils are clayey-textured with similar
toposequences, elevations, and solar exposition in the
three ecosystems. More detailed information can be
obtained in Moreira-Souza et al. (2003) and Moreira
et al. (2006). There were more similar features be-
tween the replanted (RE) and the burned area (RF).
However, the RF area had been burned more than one
year previous to our analyses, and the general features
were of recuperation of a wide variety of arboreal
plants, more similar to NF, and different from RE, that
presented a very uniform cover of A. angustifolia. The
fire apparently was not of a very great intensity, since
most trees survived and only the herbaceous vegeta-
tion was eliminated. Also, there is no information avail-
able about the effect of burning in these forests.

Due to the high variability of these ecosystems and
the very little knowledge on local AMF, we reduced
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the sampling areas to approximately 0.5 ha in order to
avoid some critical site characteristics like slope, dif-
ferential solar exposure, variation in soil characteris-
tics and to minimize confounding effects. For these
reasons we could not find adequate replicate areas to
be studied, and we were limited to replications inside
each area. We took this fact into account in the inter-
pretation of our results, discussion and conclusion.

Samplings
Samples were taken from 15 points at 0-20 cm

depth, at the crown projection area, and 2 m away
from trunk (three points per tree). The soil samples
were placed in plastic bags for later determination of
number of spores and AMF species identification. Each
sample point was analyzed separately (three points per
tree × five trees = 15 sampling points for ordination
analysis). The total number of spores in 100 g of dry
soil was determined by wet sieving (Gerdemann &
Nicolson, 1963), based on a 100 g-aliquot for each
point studied, followed by centrifugation in sucrose
(Jenkins, 1964). The spores were counted under a ste-
reoscopic microscope with 40X magnification, on
plates containing concentric grooves. After the total
number was obtained, the spores were separated into
groups, according to their morphology. Spore abun-
dance and root colonization data from this sampling
has been published in Moreira et al. (2006).

AMF identification
The AMF spore groups were transferred and

mounted onto semi-permanent slides, with polyvinyl
alcohol and glycerol resin (PVLG) (Morton et al.,
1993) and in Melzer’s reagent (Koske & Tessier,
1983). Identification was made at the species level us-
ing an optical microscope (100 to 400X magnification),
with the aid of the Schenck & Pérez (1990) manual,
descriptions provided by the International Collection of
Vesicular and Arbuscular Mycorrhizal Fungi (http://
invam.caf.wvu.edu) and the original species descrip-
tions. The number of spores (NS) in 100 g dry soil
was evaluated for each morphologically distinct AMF
group. After AMF species identification, the following
were determined: species richness (R), evaluated by
the number of species present in 100g soil, Simpson’s
dominance index (Is) [Is = 1-L), where: L = ∑ ni (n-
1)/N(N-1); ni = density of each AMF species “i”, N =
total number of species of AMF species], and
Shannon’s diversity index (H) [H =-∑ (pi log pi),
where: pi = ni/N; ni = density of each AMF species,
N = total number of species] (Odum (1983; Baretta
et al., 2007).

Statistical analysis
The data for R, Is and H were submitted to analy-

ses of two-way ANOVA, using the SAS version 6.2
statistical program (SAS Institute, 1996), and means
were compared by the LSD test (p < 0.05). NS data
were also submitted to multivariate correspondence
analysis (CA) (Braak, 1986; Baretta et al., 2006; Baretta
et al., 2007), using the STATISTICA 6.0 software
package (StatSoft, 2001). The relative spore frequency
for each AMF species (RSF), [RSF = (number of
spores/total number of AMF spores) × 100] was also
calculated for the studied ecosystems.

RESULTS

AMF density and diversity
The analysis of variance (two-way ANOVA) for

species richness (R), Simpson’s dominance index (Is),
and Shannon’s diversity index (H) indicated (LSD test
at 5% significance) that there was no difference be-
tween Araucaria ecosystems (Figures 1A, 1B and 1C).
For RE, there were no differences between sampling
periods, regarding R, Is, and H, while higher values
were found for H and Is in May, in the areas NF and
RF. The higher Is denotes that higher dominance oc-
curred during May by one or a few AMF species in
NF (Figure 1B).

AMF species found in the NF and in both replanted
areas (RE and RF), during both seasons, are presented
in Table 1. Overall, 26 species of AM fungi (with a
total of 1099 spores) were identified in the NF during
both collection seasons. The species that appeared in
NF only during the first sampling (May) were:
Acaulospora gerdemannii, Acaulospora sp.3, Glomus
sp.1, Scutellospora heterogama, and Scutellospora sp.3.
In the second sampling (October), the exclusive spe-
cies found were: Acaulospora scrobiculata, Gigaspora
decipiens, G. gigantea, Glomus microcarpum,
Scutellospora calospora and S. pellucida. These spe-
cies in the first sampling belong to four genera: seven
species in Acaulospora, three species in Glomus, four
species in Scutellospora, and one in Entrophospora
(Table 1). However, in the second sampling, the pres-
ence of one extra genus, Gigaspora, was observed. In
the replanted areas (RE and RF), 13 and 16 species
were found in May and 13 and 15 species were found
in October, respectively. In RE and RF, the species
were distributed among five genera in the first sam-
pling (May): 7 and 5 Acaulospora; 1 and 1
Entrophospora; 3 and 4 Glomus; 1 and 2 Scutellospora;
and 1 and 1 Gigaspora for the RE and RF areas, re-
spectively. However, in the second collection (Octo-
ber), the species were distributed among 5 genera in
RE and 4 genera in RF, as follows: 6 and 6
Acaulospora; 1 and 1 Entrophospora; 3 and 4 Glo-
mus; 3 and 2 Scutellospora; and 3 and 0 Gigaspora,
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respectively. Glomus diaphanum was only found in the
RF and only at the first sampling. In native forest, G.
etunicatum, G. macrocarpum, E. colombiana and
Scutellospora sp.1 presented high frequencies in May,
while A. sp.1, S. sp.1, and Gigaspora decipiens were
more frequent in October. For the replanted Araucaria,
the greatest RSF values were for A. mellea and G.
margarita in May, and A. mellea and Scutellospora
sp.3 in October. Finally, in the replanted and burned
area, there was always a predominance of the two
most frequent species of Glomus: G. etunicatum and
G. macrocarpum in both seasons. Scutellospora sp.3
achieved an RSF somewhat over 10, only in October,
in RE and RF.

Correspondence analysis (CA)
The relationship between AMF species and the three

Araucaria ecosystems studied was determined by
means of an ordination created by correspondence
analysis (CA). This ordination method is summarized
in a graph (Figures 2 and 3) containing perpendicular
dimensions (dimension 1 and 2), representing the mul-
tidimensional variation of a set of response variables
(AMF species) in the different Araucaria ecosystems
studied (Braak, 1986; Baretta et al., 2006; Baretta et
al., 2007). The CA result for the first sampling sea-
son (May) indicated that separation occurred between
the native (FN), introduced (RE), and impacted-by-fire
Araucaria ecosystem (RF) (Figure 2). This separation
was 78.8% explained (78.8% total variability) by di-
mension 1 and only 11.0% by dimension 2. Therefore,
dimension 1 matters much more than dimension 2. This
multivariate analysis showed the greater or the smaller
association of each AMF species with each ecosys-
tem. In this respect, the AMF species showing strong
associations and contributing the most toward the FN
ecosystem separation were, for example, Scutellospora
sp.1, Scutellospora sp.3, S. calospora, S. heterogama,

Figure 1 - Species richness (R), Simpson’s (Is) and Shannon’s
(H) diversity indices of AMF in native (FN),
introduced (RE), and impacted-by-accidental-fire (RF)
Araucaria angustifolia ecosystems, in May ( ) and
October ( ), 2002. Campos do Jordão, SP, Brazil.
Vertical bars (T) Standard deviation. Results of two-
way ANOVA. Capital letters compare ecosystems
during the same period, while small letters compare
the same ecosystem at different periods. (p < 0.05)
by the LSD test.
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Acaulospora sp.1, Acaulospora sp.2, A. spinosa, and
Entrophospora colombiana. Acaulospora bireticulata,
which stands between the three ecosystems studied;
however, is not associated with any specific ecosys-
tem (Figure 2). Several species also overlapped (or
were near one another), indicating similarity. Thus,
Acaulospora sp.1, Acaulospora sp.2, A. spinosa,
Scutellospora sp.1, Scutellospora sp.3, S. calospora
and S. heterogama were abundant in FN and rare or
absent in RE and RF, the reverse being true for
Acaulospora mellea and A. bireticulata (Figure 2 and
Table 1).

In the second season (October), there was again a
separation among the ecosystems. Dimension 1 ex-
plained 54.6% of the separation found among the three
ecosystems, while dimension 2 explained 25.0% of the
variation (Figure 3). In this case, there was a smaller
difference between dimension 1 and 2 (54.6 and 25.0%
of total data variability) than in Figure 2 (78.8 and

11.0% of total data variability); thus, dimension 2 was
more important in October than it was in May. How-
ever, in October (second sampling) (Figure 3), the be-
havior, association, and contribution of each AMF spe-
cies in the separation of ecosystems was different
from the first sampling (May) (Figures 2 and 3). In
this regard, it was found for the FN ecosystem, for
example, that the species Scutellospora sp.1,
Acaulospora sp.1, Gigaspora decipiens, and S. pellu-
cida were associated together to a higher degree and
contributed more to the separation, in relation to the
other species. On the other hand, the species
Acaulospora bireticulata, Glomus sp.1, G.
macrocarpum, G. microcarpum, Scutellospora sp.3 and
S. calospora were more associated with the introduced
Araucaria ecosystem that was accidentally burned
(RF). Acaulospora gerdemannii, A. scrobiculata, A.
mellea, Acaulospora sp.2, A. foveata, Entrophospora
colombiana, Glomus sp.1, G. etunicatum, Gigaspora

Table 1 - Number of spores (NS) and relative frequency of AMF spores (RSF) in native (NF), introduced (RE), and impacted-
by-fire (RF) Araucaria angustifolia ecosystems, in May and October, 2002. Campos do Jordão, São Paulo state,
Brazil. (n = 15).

1Absence of spores

seicepSFMA

yaM rebotcO

evitaN detserofeR eriF+.rofeR evitaN detserofeR eriF+.rofeR

SN FSR SN FSR SN FSR SN FSR SN FSR SN FSR

ataluciteribaropsoluacA epparT&llewhtoR 2 95.1 2 59.0 -1 - 3 45.1 - - - -

ataevof.A sonaJ&epparT 4 71.3 2 59.0 8 76.3 5 65.2 8 01.4 6 78.3

iinnamedreg.A .lociN&kcnehcS 2 95.1 4 09.1 21 05.5 - - 2 30.1 2 92.1

siveal.A epparT.dreG - - 81 75.8 4 38.1 - - - - - -

aellem.A kcnehcS&niapS - - 62 83.21 - - - - 02 62.01 4 85.2

ataluciborcs.A epparT - - 8 18.3 4 38.1 3 45.1 01 31.5 - -

asonips.A epparT&reklaW 8 53.6 - - - - 2 30.1 - - 2 92.1

aropsoluacA 1.ps. 6 07.4 - - - - 04 15.02 4 50.2 2 92.1

aropsoluacA 2.ps 6 67.4 - - - - 2 30.1 21 51.6 8 61.5

aropsoluacA 3.ps 4 71.3 6 68.2 01 95.4 - - - - - -

anaibmolocaropsohportnE kcnehcS&niapS 42 50.91 4 09.1 8 76.3 4 50.2 5 65.2 2 92.1

sneipicedaropsagiG ttobA&llaH - - - - - - 22 82.11 - - - -

aetnagig.G epparT&.dreG).dreG&.lociN( - - - - - - 3 45.1 2 30.1 - -

atiragram.G llaH&rekceB - - 42 34.11 01 95.4 - - 2 30.1 - -

aropsagiG 1.ps - - - - - - - - 2 30.1 - -

munahpaidsumolG reklaW&notroM - - - - 6 57.2 - - - - - -

mutacinute.G .dreG&rekceB 81 92.41 02 25.9 03 67.31 23 14.61 85 47.92 3 49.1

mupracorcam.G ensaluT&ensaluT 41 11.11 48 00.04 001 78.54 41 81.7 43 44.71 49 56.06

mupracorcim.G ensaluT&ensaluT - - - - - - 11 46.5 - - 6 78.3

sumolG 1.ps 4 71.3 6 68.2 81 62.8 - - 4 2 50. 6 78.3

aropsolacaropsolletucS srednaS&reklaW 8 53.6 - - - - 8 01.4 - - 2 92.1

amagoreteh.S &reklaW).dreG&.lociN(
srednaS

2 95.1 - - - - - - - - - -

adicullep.S &reklaW)kcnehcS&.lociN(
srednaS

- - - - - - 4 50.2 - - - -

aropsolletucS 1.ps 22 64.71 - - 2 29.0 24 45.12 6 80.3 2 92.1

aropsolletucS 2.ps - - 6 68.2 6 57.2 - - 2 30.1 - -

ropsolletucS 3.psa 2 95.1 - - - - - - 42 13.21 61 23.01
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margarita and Scutellospora sp.2 were, however, more
closely associated with the introduced Araucaria eco-
system that was not impacted by fire (RE) (Figure 3).

DISCUSSION

The predominance of the genera Glomus and
Acaulospora was detected in all three areas. In other
studies about A. angustifolia forests, Bononi et al.
(1989), Breuninger et al. (2000) and Moreira-Souza et
al. (2003) have also reported that Acaulospora and Glo-
mus are the most frequent genera. Such predominance
has been observed also in a tropical forest study in
China (Zhao et al., 2001). In the present work, the
most common species (Acaulospora foveata,
Entrophospora colombiana, Glomus etunicatum, and
G. macrocarpum) were also shared between the three
ecosystems investigated (Table 1), although only the
two last ones showed very high relative spore frequen-
cies (RSF) in almost every area and season.

Differences in AMF communities confirmed by
multivariate analysis led us to consider that there are
great differences in the behavior of AMF in the three

ecosystems, especially when comparing the two sea-
sons (Figures 2 and 3). AMF sporulation at the same
sampling point is very dynamic in relation to different
seasons of the year; therefore number of spores may
not always be a reliable parameter to define the com-
position of the AMF community in an ecosystem
(Moreira et al., 2007a). There are fungi that sporulate
more, while others sporulate less, and others yet, do
not sporulate or do so only during certain periods of
the year (Table 1). Repeated sampling several times dur-
ing the year could provide a more complete picture of
this variability, as discussed in Moreira et al. (2007b).
Different AMF may have different carbon and other
nutrient requirements for sporulation, and this may ex-
plain differing AMF phenologies (Violi et al., 2008).
Bever et al. (1996) reported that host plants determine
differences as to when different AMF taxa sporulated.
Schenck et al. (1989) compared species diversity in a
“cerrado” soil in Brazil, and found a higher number of
spores in an agroecosystem than in a native ecosys-
tem, although many studies report that AMF diversity
decreases when a natural system is converted into an
agroecosystem (Sieverding, 1991).

The CA indicated that the presence or absence of
a given AMF species could have been influenced by
stress situations, such as anthropogenic perturbations.
Nevertheless, stress or anthropogenic interference is
extremely difficult to quantify in ecosystems. The
greater or the smaller association of a given AMF spe-
cies in each forest ecosystem varies both spatially and
temporally, as a function of the different seasons of
the year. Thus, low temperatures, for example, may
affect sporulation (Koske, 1987). Many ecological char-
acteristics can be modified by anthropogenic interfer-
ence, often in a way that imposes severe limitations
to the survival. The life cycle of each AMF species
may be influenced by environmental factors and also
by the diversity and phenology of local plants; there-
fore, each site possesses specific properties which will
determine species density.

 AMF spore density and species diversity are in-
directly related to the ecological conditions of each
ecosystem (Maia & Trufem, 1990). Thus, not only
may “temporal niche partitioning” be important to the
maintenance of AMF diversity, as proposed by Pringle
& Bever (2002), but AMF seasonal patterns in sporu-
lation may “reassemble” or “shift” in response to
changes to host plant community composition such
that individual AMF taxa sporulate in different sea-
sons.

Our observations suggest that some of the modifi-
cations in the AMF communities may have been par-
tially due to anthropogenic interference occurring in
the Araucaria forests. Nevertheless, it looks encour-

Figure 3 - Relation between dimensions 1 and 2 of the
correspondence analysis (CA) for native (FN),
introduced (RE), and impacted-by-fire (RF)
Araucaria angustifolia ecosystems and AMF
species, in the second sampling (October, n = 15).
Campos do Jordão, SP, 2002. A. bir =Acaulospora
bireticulata; A. fov = A. foveata; A. ger = A
gerdemannii;  A. mel = A. mellea; A. scr = A.
scrobiculata; A. spi = A. spinosa; A. sp.1 =
Acaulospora sp.1; A. sp.2 = Acaulospora sp.2;  E.
col = Entrophospora colombiana; G. dec =
Gigaspora decipiens; G. gig = G. gigantea; G. mar
= G. margarita;  G. sp.1 = Gigaspora sp.1; G. etu =
Glomus etunicatum; G. mac = G. macrocarpum; G.
mic = G. microcarpum; S. cal = Scutellospora
calospora; S. pel = S. pellucida; S. sp.1 =
Scutellospora sp.1; S. sp.2 = Scutellospora sp.2; S.
sp.3 = Scutellospora sp.3.
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aging, that after very long periods (more than 50
years) even reforested areas seem to have stabilized
ecologic features. Perhaps an accidental fire may be
overcome in a few years. According to this reason-
ing, the maintenance of the few still preserved native
forests and also the replanting of new Araucaria seed-
lings assume great importance for the conservation of
this species and of the symbiotic AM fungi.
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