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Abstract

Mycorrhizal colonization was assessed in roots of trees within an Atlantic Forest chronosequence, located in the
southeastern of Sdo Paulo State, Brazil, inside Tourist State Park of the High Ribeira Valley (PETAR). The phytosociological
survey was carried out in three adjacent areas, all on calcareous soil, which correspond to different time intervals during
which they have been left abandoned following a slash-and-burn agricultural perturbation. Early Phase (EP) with 15 years;
Mid Phase (MP) with 25 years; and Late Phase (LP) with more than 36 years without clear-cut. The inventory indicated a
continuum of tree species substitution, which is dominated by species of Leguminosae, especially Piptadenia gonoacantha
(Mart.) J.F. Macbr. (Mimosoideae) in the earlier successional phases. Mycorrhizal colonization, estimated by the occurrence
of the mycorrhizal structures in the tree species roots, diminished during the season with less rain (winter), and showed no
significant differences between successional phases in the wet season (summer). Rather, the mycorrhizal colonization was
correlated with occurrence of the tree’s successional status: being positively correlated with occurrence of pioneer species,
and negatively correlated with late secondary species. Mycorrhizal colonization was also correlated negatively with soil
organic matter and base saturation. Twenty five species of arbuscular mycorrhizal fungi belonging to four genera were
identified. Six species were only identified to generic level. The species Glomus etunicatum Becker & Gerd. represented 10%
of the total number of spores and occurred in all phases and seasons, while the genus Glomus represented 57% of the total
of spores found in the rhizosphere. The diversity indices evaluated for the mycohrriza community were: H>=2.3,J°=0.97
and R =4.12. These results are a contribution to the knowledge of The Atlantic Forest biodiversity and may have implica-
tions to support programs regarding rehabilitation of degraded vegetation in one of the World’s most threatened Biomes.

Key words: secondary succession, Atlantic Forest, tropical calcareous soil, arbuscular mycorrhizal fungi (AMF),
Piptadenia gonoacantha.
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Resumo

Foi levantada a ocorréncia de colonizagdo por micorriza nas raizes das espécies arboreas que dirigem a sucessdo
secundaria sobre solo calcario em uma area localizada no Parque Estadual Turistico do Alto Ribeira (PETAR), sudeste do
Estado de Sao Paulo, Brasil. O levantamento fitossociologico foi realizado em trés areas justapostas correspondentes a
diferentes idades de abandono apos cultivo de subsisténcia sobre um solo calcario: Fase Inicial com 15 anos; Fase Intermediaria
com 25 anos e Fase Tardia com mais de 36 anos sem corte raso. O inventario indicou a predominancia de espécies da familia
das leguminosas, especialmente Piptadenia gonoacantha (Mimosoideae) nos estagios iniciais de sucessdo. A ocorréncia
de colonizacdo por micorriza nas raizes das espécies arboreas decresceu ao longo da sucessdo durante a estagdo com
menos chuva (inverno). Durante o periodo de verdo, estagdo mais umida, a colonizagdo néo apresentou diferengas significativas
entre as fases de sucess@o. A colonizagdo por micorriza nas raizes apresentou correlagdo com a ocorréncia de diferentes
estratégias de regeneragdo entre as espécies arboreas: positivamente com o aumento de ocorréncia de espécies pioneiras e
negativamente com espécies secundarias tardias. A colonizagdo apresentou também correlagdo negativa com o contetido
de matéria organica e saturagdo de bases no solo. Foram identificadas 25 espécies de fungos micorrizicos arbusculares
pertencentes a quatro géneros, ¢ seis espécies apenas foram identificadas ao nivel de género. A espécie Glomus etunicatum
Becker & Gerd. representou 10 % dos esporos encontrados na rizosfera das amostras analisadas, tendo ocorrido em todas
as fases sucessionais e estagdes. O género Glomus representou 57% do total de esporos. Os indices de diversidade para a
comunidade de fungos micorrizicos indicaram os seguintes valores: H> = 2.3, ]’ = 0.97 e R = 4.12. Estes resultados sdo
importantes contribui¢des para um melhor conhecimento da biodiversidade da Mata Atlantica e podem ser decisivos no
sucesso de agdes para a reabilitagdo de arcas degradadas neste que ¢ um dos biomas mais ameagados do planeta.

Palavras-chave: sucessdo secundaria, Mata Atlantica, solo calcario tropical, fungo micorrizico arbuscular (FMA),

Piptadenia gonoacantha.
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1. INTRODUCTION

The Brazilian Atlantic Forest is considered one of
the three most threatened ecosystems on Earth, and is also
a biodiversity hot spot (Myers et al. 2000). The state of Sdo
Paulo, SE Brazil, had more than 82% of its area covered by
forest, but today the remnants account for only 7% of this
original distribution (SOS Mata Atlantica 1998). In the Dense
Ombrophylous Forest (IBGE, 1992) from southern and south-
eastern Brazil, the most common angiosperm families in terms
of number of species, including both low and high altitudes,
(i.e. below and above 700m high, respectively) are:
Myrtaceae, Leguminosae, Rubiaceae, Melastomataceae,
Lauraceae, Sapotaceae, Euphorbiaceae, Moraceae and
Annonaceae (Oliveira Filho & Fontes 2000).

Mycorrhiza are defined by Allen (1991) as a mutual-
istic symbiosis between plant and fungus localized in a root
or root-like structure, in which energy moves primarily from
plant to fungus and inorganic resources move from fungus
to plant. At least seven different types of mycorrhizal asso-
ciations have been recognized, involving different groups
of fungi and host plants and distinct root morphology pat-
terns. Arbuscular mycorrhiza (AM) are associations where
Zygomycete fungi in the Glomales produce arbuscules,
hyphae and vesicles within roots. Spores are formed in soil
or roots. These associations are defined by the presence of
arbuscules (Sylvia et al. 1998). Arbuscular mycorrhizal fungi
(AMF) are frequently found in association with native spe-
cies in natural and agricultural ecosystems (Jakobsen 1994).
The occurrence of AMF favours the establishment, sur-
vival and growth of host and non-host plants due to en-
hancement of water and mineral nutrients absorption, espe-
cially P, N, Zn and Cu (Evans & Miller 1990, Marschner &
Dell 1994, Clark & Zeto 2000). They also contribute to a
more efficient mineral cycling, soil stabilization and also pro-
vide an important nutrient conserving mechanism (Redhead
1980, Janos 1984). AMF is of great interest to forest ecol-
ogy because of the potential influence on ecosystem pro-
cess and the role in determining plant diversity in natural
communities (Francis & Read, 1994, Sanders et al. 1996,
Heijden et al. 1998). Mycorrhizal fungi are crucial to the
success of rehabilitation and re-vegetation programs of
degraded land (Janos 1995, Schmidt et al. 1999, Wali 1999).
In spite of the fact that there is little information of AMF in
natural ecosystems, a typical estimate of diversity on the
basis of spore counts ranges between 5 — 20 different spe-
cies in a community (Sanders et al. 1996).

In the Mata Atlantica (including Ombrophylous,
Seasonal and Mixed forests; Joly et al. 1999; Oliveira Filho
& Fontes 2000), where the soil is normally sandy, acidic and
very poor, information about mycorrhiza occurrence and
diversity are limited (Bononi & Trufem 1983, Trufem 1990,
Trufem & Viriato 1990, Siqueira et al. 1998, Zangaro et al.
2000, Santos 2001). The low soil fertility and limited P avail-

ability favour the symbiotic association because the AM
fungi may increase the P supply for plants (Clark & Zeto
2000). Janos (1980a) found that the mycorrhizal association
enhanced the growth of 23 species from a tropical forest in
Costa Rica. Janos (1980a,b, 1995) suggested that the de-
pendence on mycorrhizal association is higher in late suc-
cessional species in the tropical forests of Costa Rica, and
that early successional species are non-mycotrophic or fac-
ultatively mycotrophic (mycotrophy — dependency on the
symbiosis for optimal growth; mycothophic species are
dependent upon symbiosis). On the other hand, Siqueira et
al. (1998) reported that pioneer species from southeast Bra-
zil showed high susceptibility to infection and colonization
of AM fungi. Zangaro et al. (2000) showed that mycorrhizal
dependence is higher in early successional species, and
much lower in late successional species from south Brazil.

The main objectives of this study were to character-
ize the colonization and species diversity of arbuscular
mycorrihzal fungi (AMF) in the rhizosphere of tree species
that occur in an Atlantic forest chronosequence on a
eutrophic soil with low P content, and near neutral pH, in
the southeast of Sao Paulo State, Brazil. This study is a
contribution to the knowledge about Atlantic Forest
biodiversity and regeneration, and to the development of a
forest recovery model to support rehabilitation and man-
agement actions.

2. MATERIAL AND METHODS

2.1 Study Site - The study area is located in Sdo Paulo
State, southeastern of Brazil, at the Ribeira de Iguape water-
shed, inside of Tourist State Park of the High Ribeira —
Parque Estadual Turistico do Alto Ribeira-PETAR,
(24°31°43” S and 48°41°09” W), approximately 350 km south-
west from Sao Paulo City. Regional climate is tropical hyper
humid without a dry season with mean annual precipitation
around 1.800 mm, well distributed through the year (34% in
the summer and 17% in the winter) and mean annual tem-
perature between 17 — 19°C (Gutjahr 1993). The study site is
located at 500-600 m above sea level on a calcareous sub-
strate (figure 1), classified as Cambisols associated with
Chernozems (Camargo et al. 1986, FAO-ISRIC-ISSS 1998).
The soil at the study area is characterized as eutrophic with
low P content and near neutral pH. A more detailed descrip-
tion of the study area is presented in Aidar et al. (2001).

2.2 Forest survey and tree species characterization -
The phytosociological survey was carried out in three adja-
cent areas which present different time intervals following
abandoning of slash-and-burn agriculture: Early Phase (EP)
with 15 years; Mid Phase (MP) with 25 years; and Late
Phase (LP) with more than 36 years without clear-cut (Fig-
ure 2). The detailed phytosociological inventory is presented
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Figure 1. A. Study site localization (circle) and occurrence of the calcareous soil; B. Satellite image of PETAR - Tourist State Park of the
High Ribeira Valley (border in yellow) showing the Mountains of the Serra de Paranapiacaba, Ribeira River (in blue) and the cities of
Iporanga and Apiai; study site indicated by a circle.
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Figure 2. Historical series of aerial photographs showing the evolution of the vegetation coverage in the study area: 1962 - Aerial photo
showing a forested area (original scale 1:25.000), which remains uncut (black arrow) throughout the time comprehended by our study;
1973 - Aerial photos from two different periods in 1973 (July and August, respectively,; original scale 1:25.000) showing a forest fragment
cut (red arrow) and the uncut fragment (black arrow). 1997 - Aerial photo showing the successional phases inventoried (original scale
1:35.000): white arrow - phase I (15 years after abandonment); red arrows indicate regeneration areas dominated by Piptadenia
gonoacantha, phase II (25 years); black arrow - phase Il (36+ years). (Adapted from Aidar et al. 2001).
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Figure 3. Distribution of relative basal area of the regeneration strategies guilds (sum of relative basal area of all species in each guild) in
the successional phases of an Atlantic Forest chronosequence: Early — early successional phase (15 years after abandonment of crop
field); Mid — mid successional phase (25 years); and Late — late successional phase (36+ years); P — pioneer species; ES — early second-
ary species; LS — late secondary specis; and n.c. — species not classified.
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Figure 4. Correlation between mycorrhiza colonization (%) and regeneration strategies occurrence (relative dominance RDo %) in an
Atlantic Forest chronosequence; Pioneer species — open circle; exponential pattern, r = 0.999, p < 0.01; Late secondary species — open
square; exponential pattern, r = -0.993, p < 0.05.
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Figure 5. Correlation between mycorrhiza colonization (%) and soil base saturation (%) in an Atlantic Forest chronosequence; power
pattern, r = -0.967, p < 0.05.
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Figure 6. Correlation between mycorrhiza colonization (%) and soil organic matter (%) in an Atlantic Forest chronosequence; exponen-
tial pattern, r = -0.861, p < 0.05.
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Table 1 - Mycorrhiza occurrence in roots of tree species in an Atlantic Forest chronosequence. N — number of samples; values represent
average with standard deviation in parenthesis; winter — less wet season; summer — wet season, different letters indicate significance for ANOVA
and post hoc or two-sample t test, p < 0.05.; within column — A; within row — a. Early — early successional phase (15 years after abandonment
of crop field); Mid — mid successional phase (25 years); and Late — late successional phase (36+ years)

Phase N winter summer

Early 8 80.5 (7.4 533 (12.3)*
colonization (%) Mid 7 70.2 (5.8)>*  72.8 (11.)M

Late 9 553 (12.5)*  46.6 24.7)™

Table 2. Arbuscular mycorrhizal fungi species identification and spore occurrence in soil samples from an Atlantic Forest chronosequence.
Early — early successional phase (15 years after abandonment of crop field); Mid — mid successional phase (25 years); and Late — late
successional phase (36+ years); Number of soil samples (100 g): 8 for Early; 7 for Mid; and 9 for Late; winter — less wet season; summer —
wet season; Symbol key: + < 1 average spore number . g' soil; ++ 1to 5; +++ 510 10; ++++ > 10; - not present. More detailed information
about successional phases is presented in Aidar et al. 2001.

AM species winter summer

Early Mid Late Early M id Late
Acaulospora aff. elegans - - - + - -
Acaulospora fove ata + + - + + +
Acaulospora mellea - - - - + -
Acaulospora morrowiae - - - - + +
Acaulospora rehmii + + + - + -
Acaulospora scrobiculata + + - + + +
Acaulospora sp. 1 - - - - + -
Acaulospora sp. 2 - - - - + -
Acaulospora sp. 3 - - - - - +
Acaulospora sp. 4 - - - - - ++
Acaulospora sp. 5 - + - - - -
Acaulospora spinosa + - - ++ - + +
Acaulospora tuberculata - + + - + +
Arqueospora leptoticha - - + + - -
Entrophospora infrequens + - - - - -
Gigaspora aff. decipiens + - - - - -
Glomus aff.aggregatum - - - - + -
Glomus aff.claroideum - - - - + -
Glomus aff. microcarpum - - - - - + +
Glomus aff. monosporum + - - - - -
Glomus aff.rubiformis - - - - - +
Glomus aff. versiforme - - - ++ ++ ++
Glomus etunicatum ++ ++ ++ ++ + ++
Glomus geosporum + + + + + +
Glomus heterosporum - - - +4++ +4+ + +4+ ++
Glomus invermaium - - - + + +++
Glomus macrocarpum ++ - + ++ +4+ + 4+ ++
Scutellospora calospora + - - - -

Scutellospora sp.1 - - - - -
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Table 3 — Arbuscular mycorrhizal fungi diversity indexes in an Atlantic Forest chronosequence: Shannon-Wiver index (H’); Pielou index (J’);
and Margalef index (R). Early — early successional phase (15 years after abandonment of crop field); Mid — mid successional phase (25
vears); and Late — late successional phase (36+ years); Number of soil samples (100 g): 8 for Early; 7 for Mid; and 9 for Late; winter — less

wet season, summer — wet season.

Index winter summer Total
Early Mid Late total Early Mid Late total

H' 1.70 169 1.10 168 1.91 1.98 196 2.14 2.31

J' 0.71 0.70 0.46 0.70 0.80 0.71 069 066 0.97

R 239 1.9 1.24 257 1.85 2.68 253 345 4.12

in Aidar etal. (2001). The Basal Area was used as the index
to assess relative space occupation and is estimated by the
relative basal area of all individuals belonging to one spe-
cies or family, and was calculated by converting circumfer-
ence at breast height to basal area (cm?). The classification
used to distinguish guilds of tree regeneration strategies is
based in Gandolfi et al. (1995): a) Pioneer Species — are spe-
cialized to occupy big gaps, require light for germination
and growth, and are shade intolerant; b) early secondary
species — are specialized to occupy medium size gaps, tend
to germinate in shade conditions, but require higher light
levels for growth to reach maturity and/or canopy; ¢) late
secondary species — specialized to occupy small gaps and
understorey, do not necessarily require light increment for
germination and development, and can either remain in the
understorey, or reach the canopy. Some species could not
be classified and were listed as “not classified”. The suc-
cessional status of individual tree species was defined by
the analysis of a set of characteristics, such as seed size,
germination, seedling establishment, growth rate, height
and diameter, etc. gathered by personal observation and
from available literature on their morphological features and
ecological preferences (Reitz 1966, Reitz et al. 1978a,b, Inoue
et al. 1984, Lorenzi 1992, 1998, Leitdo Filho et al. 1993,
Gandolfi et al. 1995, Gandolfi 2000; Godoy 2001). When spe-
cies classification differed among authors, we classified the
species according the behaviour presented in the study
area, using their relative importance (relative basal area) and
nitrogen use strategies in the successional phases as the
main descriptors (Aidar et al. 2003). When information for a
particular species could not be verified satisfactorily due to
a lack of bibliographical information and/or a low occur-
rence in the study area, it was treated as a “not classified
species”. The Basal Area for each regeneration guild along
the forest succession was calculated as the sum of species
belonging to each group, and was presented as a percent-
age of total basal area obtained for the respective succes-
sional phase.

2.3 Evaluation of mycorrhizal colonization and com-
munities of AMF spores - A core collector (10cm?) was used
to collect the roots samples, which were taken at 10 cm deep
in 8 sites at EP, 7 sites at MP and 9 sites at LP. The mycor-
rhizal colonization was assessed in July 1997 (dry period)
and in December 1997 (wet period) in roots with diameter 3 2
mm clarified in 10% KOH and H,O,, acidified with HCI 1%,
washed in running water and stained with 0.05% tryptan
blue (Phillips & Hayman, 1970). The colonization frequency,
which means the sum of all mycorrhizal structures present
on roots (arbuscules, vesicules, extra and intra-radical hy-
phae), was calculated as number of total intersections on 1g
FW of root cut into 1 cm long pieces, and scored over a
lamina with 1cm grid. In order to assess the specific compo-
sition of AM fungi associated to the rizosphere of the tree
species, samples of 100g from the soil were processed by
wet sieving (Gerdemann & Nicolson 1963) and sucrose cen-
trifugation (Jenkins 1964) to extract the spores present, and
these were counted on semi-permanent lamina with PVLG
resin (Morton et al. 1992), and identified using the AM fungi
identification manuals (Schenck & Pérez 1988, Trufem 1990,
Carrenho 1994, Carrenho & Trufem 2001). Species richness
and diversity indices were calculated in order to evaluate
the differences among successional phases and seasons:
Shannon (species diversity) index) H” = -4 (N/N)? In (N./N),
where Ni = species spore number and N = total number of
spores; Pielou index (eveness index) - J* = H’/Hmax, where:
Hmax =log,S, and S = number of species; Margalef (species
richness) index - R =(S-1)/Ln N, where N is the total number
of spores.

3. RESULTS

The 82 identified tree species in the forest succes-
sion were referred to ecological guilds: 8 species belong to
the pioneer guild (9.8 % of the total species), 18 to the early
secondary guild (22%), 32 to the late secondary guild (39%)
and 24 species were not classified (29%) (Annex). This clas-
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sification was also used to evaluate the distribution of re-
generation guilds in the different successional phases (Fig-
ure 3). The dominance of regeneration strategies along suc-
cessional phases clearly indicates the decrease in abun-
dance of pioneer species and an increase of late secondary
species. Early secondary species increased in abundance
in the mid phase, and declined in the late phase.

Only AMF was found in the root samples of tree
species occurring at the study site. The mycorrhizal coloni-
zation showed a significant (p<0.05) decrease as succes-
sion progresses, with the highest value for the early phase
and the lowest for the late phase in the less wet season
(winter). In the wet season, there was high intrasite varia-
tion, but no significant differences (P < 0.05) between sites
was found (table 1). The mycorrhizal colonization was well
correlated with the increase of pioneer species along suc-
cession (r=10.999; p <0.01), and was negatively correlated
with late secondary species occurrence along the succes-
sion (r=-0.927; p <0.05) during dry season (Figure 4), but
showed no clear pattern during the wet season and showed
no correlation with Early secondary species (data not
shown). Mycorrhizal colonization were also negatively cor-
related with soil parameters along successional phases and
seasons, Soil Base saturation (%) (r=-0.967; p <0.05) (Fig-
ure 5) and Soil Organic Matter content (%) (r=-0.861; p <
0.05) (Figure 6).

The AMF taxonomic analysis indicated 29 taxa be-
longing to the Glomales (Zygomycota), of which 23 were
identified at the species level, and six only identified at the
generic level (Table 2). Spore occurrence (total number of
spores = 1836) showed a clear seasonal pattern, with ca.
90% spores found in the wet season (EP =48.3 %; MP =23.0
%; and LP = 18.6% of the total spore number). A high num-
ber of spores (ca. 34% of total spore number) that could not
be identified occurred also during the wet season (ca. 95%
unidentified spores). The genus Acaulospora showed the
highest species diversity accounting for more than 56% of
the species identified (13 species), and comprising 16% of
total spore sample. The genus Glomus also showed high
diversity, with around of 48% of identified species (11 spe-
cies), but with the highest spore number, accounting for
57% of the total spores occurring in the rizosphere. The
species Glomus heterosporum and G. macrocarpum which
occurred only in the samples taken in the wet period, repre-
sented 19% and 11% of the total spore number, respec-
tively. The species G. etunicatum occurred during the dry
and the wet periods, and accounted for 10% of total spore
number (Table 2). The total spore density was 38.3 spores
100 g soil, and the spore density for the wet and dry sea-
sons, respectively, were 68.7 spores 100 g' soil and 7.8
spores 100 g soil. The richness index (R) indicates higher
values for samples taken in the wet period, except for the EP.
In general, the wet period showed higher values for spore
number and species richness. The same pattern was ob-

served for the species diversity (H”). The evenness index
(J’) indicates that higher species dominance occurred in the
LP, especially during the dry period when spore numbers
were lower (Table 3).

4. DISCUSSION

The species composition along the forest succes-
sion phases at the study site, and their classification into
ecological groups, indicates the dominance of pioneer and
early secondary species in the initial succession (EP and
MP), and a clear dominance of late secondary species in the
LP. Considering the inventory as a whole, Leguminosae was
the most important family, followed by Myrsinaceae,
Myrtaceae, Annonaceae, Lauraceae, Rubiaceae and
Melastomataceae, all of these have been recognised as
mycorrhizal taxa (Trappe 1987).

The results obtained with respect to mycorrhizal colo-
nization supported the conclusions of Zangaro et al. (2000)
and Siqueira et al. (1998) for native species from south and
southeastern Brazil, where tree species dependency on AMF
decreases during succession: early stages are dominated
by pioneer species which are obligatory mycotrophic, and
which exhibit high colonization rates; medium stages are
dominated by early secondary species which are either
obligatory and facultative mycotrophic taxa; and advanced
stages are dominated by late secondary species which are
facultatively mycotrophic, or non-mycotrophic.

The seasonal dynamics of root colonization by AMF
are well documented (Allen et al. 1998). Some studies
showed higher colonization levels in the wet season while
others showed higher percentages in the dry season. This
study showed decrease in colonization in the EP during the
wet season, which can be a response to the increased avail-
ability of nutrients, due more soil humidity and more in-
tense microbial activity in the organic matter at this time.
Negative correlations were observed between soil base satu-
ration and root colonization (figure 4), and organic matter
and root colonization (figure 5) suggesting that mycohrrizal
dependence decreases with increasing soil fertility.

Spore abundance and the number of species found
in the study area are similar to those of other studies in the
Mata Atlantica of Sdo Paulo State (Trufem 1990; Trufem &
Viriato 1990; Santos 2001), and higher than the values re-
ported for forest areas suffering from air pollution (Trufem
& Viriato 1990). The genus Glomus showed the highest
number of spores and a high diversity index, corroborating
data found by Silveira (1998) who suggested that this ge-
nus prefers soils with a higher pH than the acidic soils which
are typical of the Atlantic Forest.

G.macrocarpum, G.etunicatum, G.heterosporum €
G. aff. versiforme showed higher frequency and abundance,
suggesting broader range of ecological adaptation in rela-
tion to floristic composition and soil characteristics.
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G.macrocarpum and G.etunicatum have been reported as
dominant species in other studies conducted in the Mata
Atlantica. Santos (2001) found that G. macrocarpum domi-
nated (37% of total spore number) in a Mature Atlantic For-
est during the wet season, while G. etunicatum dominated
(26% total spores) during the dry season. In the secondary
forest, this author found G. marcocarpum as a dominant
species in both seasons; both species were present in all
samples analyzed. Trufem (1990) found G. macrocarpum as
the dominant species in all samples analyzed, representing
38% of the total spore number.

A comparison with other studies in the Mata
Atlantica indicates a high number of common species: 7
species found in common with Trufem & Viriato (1990), 11
species with Santos (2001) and 14 with Trufem (1990). 4.
foveata, A. scrobiculata, Gl. geosporum, Gl. macrocarpum,
and S. calospora were found in all studies.

During the wet season, AMF communities in the three
successional phases showed little variation in respect to
the species occurrence and distribution, with EP and LP
being very similar when richness, diversity and evenness
are considered.

The results presented here suggest that mycorrhizal
inoculation should be considered as a critical factor for the
success of recuperation of regional forested ecosystems,
and is of great importance to the development of methodol-
ogy for ecosystem rehabilitation, including the global-
change scenarios (Rilling & Allen, 1999). This aspect is even
more important when considering this locally restricted At-
lantic Forest successional pattern and the urgent necessity
for rehabilitation of degraded lands inside and around the
Tourist State Park of the High Ribeira-PETAR boundaries.
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Annex

Classification of tree species inventoried at PETAR, (SP) into successional groups: P — pioneer species; E — early
secondary species; L — late secondary species; nc — not classified. (Adapted from Aidar et al. 2001).

Species Family status
Alchornea triplinervia (Spreng.) Miill. Arg. Euphorbiaceae E
Allophyllus edulis (A. St. Hil.) Radlk. Sapindaceae P
Alseis floribunda Schott Rubiaceae nc
Aspidosperma polyneuron Muell. Arg. Apocynaceae L
Aspidosperma ramiflorum Muell. Arg. Apocynaceae L
Bathysa meridionalis Smith & Downs Rubiaceae L
Bauhinia forficata Link Leguminosae P
Beilschmiedia cf. emarginata (Nees) Kosterm. Lauraceae nc
Calyptranthes concinna DC. Myrtaceae nc
Campomanesia guaviroba (DC) Kiaerskow Myrtaceae E
Casearia sylvestris Sw. Flacourtiaceae P
Cecropia glaziovi Snethlage Cecropiaceae P
Cecropia pachystachya Trécul Cecropiaceae P
Cedprela fissilis Vell. Meliaceae L
Chrysophyllum inornatum Mart. Sapotaceae L
Clethra scabra Pers. Cletraceae nc
Cordia trichotoma (Vell.) Arréb. ex Steud. Euphorbiaceae nc
Coussapoa microcarpa (Schott) Rizzini Cecropiaceae nc
Cupania oblongifolia Mart. Sapindaceae nc
Dalbergia frutescens (Vell.) Britton Leguminosae L
Ecclinusa ramiflora Mart. Sapotaceae L
Endlicheria paniculata (Spreng.) J.F. Macbr. Lauraceae P
Eugenia cuprea (O. Berg) Mattos Myrtaceae L
Eugenia florida DC. Myrtaceae nc
Eugenia riedeliana O. Berg Myrtaceae nc
Euterpe edulis Mart. Palmae L
Ficus sp Moraceae L
Garcinia gardneriana (Planch. & Triana) Zappi Clusiaceae nc
Gomidesia tijucensis (Kiaersk.) D. Legrand Myrtaceae nc
Guapira opposita (Vell.) Reitz Nyctaginaceae E
Guarea macrophylla Vahl Meliaceae nc
Guatteria nigrescens Mart. Annonaceae nc
Heisteria silvianii Schwacke Olacaceae nc
Hyeronima alchorneoides Allemao Euphorbiaceae E
Hymenaea courbaril L. Leguminosae L
Inga marginata Willd. Leguminosae E
Leandra cf. mosenii Cogn. Melastomataceae nc
Lonchocarpus sp Leguminosae L
Machaerium nyctitans (Vell.) Benth. Leguminosae nc
Machaerium stipitatum (DC.) Vogel Leguminosae nc
Marlierea eugeniopsoides (D. Legrand & Kausel) D. Legrand  Myrtaceae nc
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cont.

Species family status
Matayba elaeagnoides Radlk. Annonaceae E
Matayba junglandifolia (Cambess.) Radlk. Sapindaceae L
Maytenus cf. evonymoides Reisseck Celastraceae L
Meliosma sellowii Urb. Sabiaceae nc
Miconia cinnamomifolia (DC.) Naudin Melastomataceae L
Miconia latecrenata Triana Melastomataceae L
Myrceugenia myrcioides (Cambess.) O. Berg Myrtaceae L
Myrcia cf. rostrata DC. Myrtaceae E
Myrcia pubipetala Miq. Myrtaceae L
Myrocarpus cf. frondosus Allemao Leguminosae L
Myrsine coriacea (Sw.) R. Br. ex Roem. & Schult. Nyctaginaceae E
Myrsine umbellata Mart. Myrsinaceae E
Nectandra megapotamica (Sprengel) Mez Lauraceae L
Nectandra membranacea (Sw.) Griseb. Lauraceae E
Nectandra oppositifolia Nees & Mart. Lauraceae L
Ocotea catharinensis Mez Lauraceae L
Persea pyrifolia (Don) Spreng. Lauraceae L
Piptadenia gonoacantha (Mart.) J.F. Macbr. Leguminosae E
Piptadenia paniculata Benth. Leguminosae E
Platymiscium floribundum Vogel Leguminosae L
Pouteria psammophila (Mart.) Radlk. Sapotaceae nc
Protium heptaphyllum (Aubl.) Marchand Burseraceae L
Prunus myrtifolia (L.) Urb. Rosaceae L
Psidium cattleyanum Sabine Myrtaceae nc
Psychotria cf. carthagenensis Jacq. Rubiaceae L
Pterocarpus cf. rohrii Vahl Leguminosae L
Quiina glaziovii Engl. Quiinaceae nc
Rollinia cf. rugulosa Schitdl. Annonnaceae E
Rollinia sericea (R.E. Fr.) R.E. Fr. Anonnaceae E
Roupala brasiliensis Klotzsch Proteaceae L
Rudgea cf. jasminoides (Cham.) Miill. Arg. Rubiaceae L
Savia dictyocarpa Miill. Arg. Euphorbiaceae nc
Schizolobium parahyba (Vell.) S.F. Blake Leguminosae E
Sorocea bonplandii (Baill.) W.C. Burger, Lanj. & Wess. Boer Cecropiaceae nc
Syagrus romanzoffiana (Cham.) Glassman Palmae L
Symplocos laxiflora Benth. Simplocaceae P
Tetrorchidium rubrivenium Poepp. Euphorbiaceae E
Tibouchina pulchra (Cham.) Cogn. Melastomataceae E
Trema micrantha (L.) Blume Ulmaceae P
Trichilia lepidota Mart. Meliaceae L
Verbesina sp Asteraceae E
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