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Abstract: The arbuscular mycorrhizal fungal (AMF)
communities from the Yungas forests of Argentina
were studied. The AMF species present in the
rhizosphere of some dominant native plants (one
tree: Alnus acuminata; three herbaceous species:
Duchesnea indica, Oxalis conorrhiza, Trifolium aff.
repens; and one shrub: Sambucus peruviana) from two
sites (Quebrada del Portugués and Narváez Range) of
the Yungas forests were isolated, identified and
quantified during the four seasons of the year.
Twenty-two AMF morphotaxa were found. Spore
density of some AMF species at each site varied
among seasons. The genera that most contributed to
the biodiversity index were Acaulospora for Quebrada
del Portugués and Glomus for Narváez Range. High
diversity values were observed in the Yungas forests,
particularly in the spring (rainy season). We conclud-
ed AMF differed in species composition and seasonal
sporulation dynamics in the Yungas forests.
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INTRODUCTION

The Yungas or Tucumán-Bolivian forests (Cabrera
1976, Hueck 1978), which belong to the humid
subtropical South American ecosystems, are among
the environmental units of the Montane Cloud
Forest. The Yungas are of great regional importance
due to their high biodiversity (Brown et al. 1993), one
of the most important plant communities being the
forest of Alnus acuminata Kunth (Betulaceae) (Cab-
rera 1976), a pioneer species that colonizes disturbed
areas (Grau 1985, Aceñolaza 1995).

Alnus acuminata (Andean alder) forms ectomycor-
rhizal (Becerra et al. 2002, 2005a–d), arbuscular
mycorrhizal (AM) (Becerra and Cabello 2007, Be-
cerra et al. 2007, Becerra et al. 2009) and actinor-
rhizal relationships with Frankia (Carú et al. 2000).
Through these highly efficient symbioses, in which
microsymbionts benefit from plant photosynthates,
actinorrhizal plants such as alders colonize poor
substrates, enrich the soil and initiate plant succes-
sion (Roy et al. 2007).

Arbuscular mycorrhizae are the most widespread
plant symbiosis in nature, mycorrhizal fungi being key
components of natural ecosystems. The presence of
arbuscular mycorrhizal fungi (AMF) has been shown
to have a great influence on the structure of plant
populations (Lu and Koide 1994, Philip et al. 2001)
and communities (Hart et al. 2001) as well as on
ecosystem processes (Rillig 2004), such as soil
aggregation (Tisdall and Oades 1982) and nutrient
cycling (Read and Perez-Moreno 2003). Most natural
plant communities contain AMF communities that
vary in composition and species numbers (Helgason
et al. 1998, 2002).

Although AM fungi are not host specific, different
fungal isolates are more beneficial to some hosts than
to others (Gange et al. 1993, Kiers et al. 2000) and AM
fungal communities have been observed to vary
significantly with different host species (Sieverding
1989, Eom et al. 2000, Lovelock et al. 2003).

We recently studied the AM colonization and AMF
spore density associated with the dominant plant
species (one tree: Alnus acuminata Kuthn; three
herbaceous species: Duchesnea indica (Andrews)
Focke, Oxalis conorrhiza Jacq., Trifolium aff. repens L.;
and one shrub: Sambucus peruviana Kunth) present in
soils from the Yungas forest (Becerra et al. 2009) and
found that these mycorrhizal variables varied among
plant species depending on phenological, climatic and
edaphic conditions. In the present study we focused
further on the seasonal changes of the AMF spore
community present in the rhizosphere soils of the
dominant plant species from two sites of the Yungas
forests. These sites differ in mean annual precipitation
and soil type, but mean annual temperatures and
understory vegetation are similar at both locations.

MATERIALS AND METHODS

Study area.—We worked at two sites of the Yungas, in
northwestern Argentina (NWA). One is Quebrada del
Portugués (QP), Tafı́ del Valle (Tucumán Province), which
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is at 26u589S, 65u459W, 2187 m, with average yearly
precipitation of 1200–1500 mm. Soil at QP is characterized
as lithic ustorthent, a sandy loam (Vargas Gil and Bianchi
1981). The other is Narváez Range (NR), (Catamarca
Province), at 27u439S 65u549W, 1820 m, with yearly average
precipitation of 698 mm. Soil at NR is characterized as typic
ustorthent, a coarse loam (Vargas Gil and Bianchi 1981).
The soils from NR have higher contents of organic matter,
total N and water-holding capacity than soil at QP, which
had slightly higher P (Becerra et al. 2009). Mean annual
temperatures are 5.8–24 C for both locations. The
vegetation at both sites is a nearly homogeneous A.
acuminata forest (6–15 m tall, 20–30 y old) with few
herbaceous mycorrhizal understory plants, such as Dusches-
nea sp., Conyza sp., Axonopus sp., Selaginella sp. and
Prunella sp. (Aceñolaza 1995, Becerra et al. 2007).

Host species.—Hosts were selected with the Braun-Blanquet
(1965) method (abundance scale of + to 5). The dominant
species were the tree Alnus acuminata (Braun-Blanquet: 4/5),
the herbaceous understory species Duchesnea indica (Rosa-
ceae) (Braun-Blanquet: 2), Oxalis conorrhiza (Oxalidaceae)
(Braun-Blanquet: 2) and Trifolium aff. repens (Fabaceae)
(Braun-Blanquet: 2), and the shrub Sambucus peruviana
(Caprifoliaceae) (Braun-Blanquet: 1). The most common
plant species at these sites are listed in Becerra et al. (2007).

Sample collection.—Soil sampling was conducted at both
locations in autumn (May 2001, dry season), winter (Jul 2002,
dry season), spring (Nov 2002, rainy season) and summer
(Mar 2002, rainy season). Plots of 30 3 30 m were selected at
each site (QP and NR) taking into account the same floristic
composition. Ten soil samples from each of the dominant
plant species (A. acuminata, D. indica, O. conorrhiza, T. aff.
repens and S. peruviana) were collected at each site during
each season. Samples were collected by carefully digging
around selected plants. Soil sample size for A. acuminata
trees and S. peruviana shrubs was 15 3 15 3 25 deep cm
excavated at 15–50 cm from the trunk of trees and shrubs.
Most A. acuminata and S. peruviana roots occurred in the
top 20 cm of soil. For herbs (D. indica, O. conorrhiza and T.
aff. repens) the whole root system was sampled. Samples were
placed in plastic bags and stored at 4 C.

Extraction and counting of AMF spores.—Ten soil samples
representing each plant species at each site and sample date
were pooled and thoroughly mixed. Three aliquots of 100 g
(dry weight) soil were processed for each pooled sample.
Spores were extracted from the soil by wet-sieving and
decanting (Gerdemann and Nicholson 1963), followed by
centrifugation in sucrose (Walker et al. 1982). A sieve
(38 mm) was used to collect small spores, and the coarse
material remaining on the top sieve (500 mm) was checked
for sporocarps and large spores. Only apparently healthy
spores were counted in a 9 cm Petri dish by direct
observation under a stereoscope at 40–1003 magnification.
Sporocarps were counted as a single spore.

Each spore type was mounted in polyvinyl alcohol-lactic
acid-glycerin (PVLG) and PVLG + Melzer’s reagent for
identification. The identification was based on spore color,
size, surface ornamentation and wall structure, following

the current taxonomic criteria (Schenck and Perez 1990,
International Culture Collection of Arbuscular and Vesicu-
lar-Arbuscular Mycorrhizal Fungi, http://invam.caf.wvu.
edu, Blaszkowski AMF site www.agro.ar.szczecin.pl/
,jblaszkowski/). Further details of AM fungal spore
identification in this study can be found in Becerra and
Cabello (2008). Specimens not identified were maintained
in culture and named with the genera followed by an
identification number. Spore density for each fungal species
(specific spore density) are reported as the number of
spores per 100 g dry soil. Soil moisture content was
calculated for each soil sample as percent oven-dry weight
of soil by drying at 80 C for 48 h.

Ecological measures of diversity.—The fungal specific spore
density was used to calculate the biodiversity index
Shannon-Weaver biodiversity index (H), species richness
(S) and evenness (E). Species richness (S) was estimated as
the number of different species found in all samples.
Species diversity (H), which encompasses both S and E, was
calculated according to Magurran (1988) with the equation:

H~
X

pi ln pi

where pi is the proportion of individuals found in the i
species, estimated as ni/N; ni is the number of individuals in
the i species; and N is the total number of individuals.

Species evenness (E) measures the presence of each
species in all samples, as follows:

E~H
�

log2 S

The species contribution to H index was calculated as:

pi log2 pi
� �

Statistical analysis.—The mean values of three aliquots of
the rhizosphere soil of each plant species (A. acuminata, S.
peruviana, D. indica, O. conorrhiza and T. aff. repens) were
considered as one replicate, making a total of five replicates
per site and season. These data were used to calculate the
AMF species spore density, species contribution to diversity
(H), total diversity (H), richness (S) and evenness (E) at
each site and season without considering the host plant.
Spore densities, species richness, evenness and diversity
were not normally distributed, according to Kolmogorov-
Smirnov and Shapiro-Wilks normality tests, and variances
were not homogeneous (Levene’s test). Therefore data
were compared by Kruskal-Wallis one-way analysis of
variance by ranks and multiple comparisons between the
samples with Conover test. Spearman’s correlation analyses
were used to test correlations between AMF diversity (H),
fungal richness (S) and evenness (E). All statistical analyses
were performed with Infostat (2001).

RESULTS

Twenty-two species of AMF spores were common to
both sites. Spores belonged to orders Glomerales,
Diversisporales and Archaeosporales and were repre-
sented by families Acaulosporaceae, Ambisporaceae,
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Entrophosporaceae, Glomeraceae, Pacisporaceae and
Gigasporaceae. The AMF found in Narváez Range
were Acaulospora denticulata Sieverd. & Toro, A.
excavata Ingleby & Walker, A. laevis Gerd. & Trappe,
A. mellea Spain & Schenck, A. rehmii Sieverd. & Toro,
A. scrobiculata Trappe, A. spinosa Walker & Trappe,
Ambispora leptoticha Walker, Vestberg & Schuessler,
Pacispora chimonobambusae (Wu & Liu) Sieverd. &
Oehl, Glomus claroideum Schenck & Smith, G. clarum
Nicolson & Schenck, G. fuegianum (Speg.) Trappe &
Gerd., G. geosporum (Nicolson & Gerd.) Walker, G.
intraradices Schenck & Smith, G. lacteum Rose &
Trappe, Glomus sp., Entrophospora infrequens (Hall)
Ames & Schneider, Scutellospora biornata Spain,
Sieverd. & Toro, Scutellospora sp., Scutellospora
dipapilosa (Walker & Koske) Walker & Sanders. The
same AMF species were found in Quebrada del
Portugués, although two additional undescribed
species of Acaulospora (Acaulospora sp. 1 and
Acaulospora sp. 2) also were found at QP.

Specific spore density.—The density of some AM fungal
species showed significant seasonal variations. At NR
(TABLE I) Acaulospora excavata, A. mellea, Glomus
fuegianum, G. geosporum, G. intraradices, Glomus sp.
and P. chimonobambusae had the highest density in
spring (rainy season). At QP (TABLE I) highest density
values were recorded as A. laevis and G. fuegianum in
autumn (dry season) and spring, Scutellospora sp. in
spring. The remaining fungal species were not
influenced by seasons.

Species contribution to H index.—Biodiversity index,
considering all four seasons, in NR was 1.17. The
contribution of genus Glomus was 52% (H 5 0.604)
(Glomus fuegianum 5 0.19, G. geosporum 5 0.15,
Glomus sp. 5 0.12, G. claroideum 5 0.08, G.
intraradices 5 0.05, G. lacteum 5 0.02, G. clarum 5

0.01), whereas the contribution of genus Acaulospora
was 31% (H 5 0.36) (Acaulospora laevis 5 0.12, A.
excavata 5 0.09, A. mellea 5 0.08, A. scrobiculata 5

0.05, A. rehmii 5 0.02, A. spinosa 5 0.01, A.
denticulata 5 0.0004). The contribution of genus
Scutellospora was 2.6% (H 5 0.03) (Scutellospora
biornata 5 0.02, Scutellospora sp. 5 0.01).

The site QP had a biodiversity index, considering
all four seasons, of 1.11. Genus Acaulospora account-
ed for 45% of biodiversity (H 5 0.50) (Acaulospora
laevis 5 0.25, A. scrobiculata 5 0.08, A. mellea 5 0.07,
A. excavata 5 0.05, A. rehmii 5 0.02, A. spinosa 5

0.012, Acaulospora sp. 1 5 0.01, Acaulospora sp. 2 5

0.001, A. denticulata 5 0.001), whereas genus Glomus
contributed with 38% (H 5 0.42) (Glomus fuegianum
5 0.17, G. geosporum 5 0.10, G. claroideum 5 0.07, G.
intraradices 5 0.03, Glomus sp.5 0.02, G. lacteum 5

0.02, G. clarum 5 0.001). The contribution of genus

Scutellospora was 3.6% (H 5 0.04) (Scutellospora
biornata 5 0.03; Scutellospora sp. 5 0.01).

Diversity, richness and evenness.—The biodiversity
index (H), richness (S) and evenness (E) of the
AMF spore community at both forest sites per season
are provided (TABLE II). The diversity index and
species richness varied significantly between seasons
at each site. In general for both sites higher diversity
and richness were observed in spring (rainy season).
Species richness and evenness were positively corre-
lated with the biodiversity index (r 5 0.74, P ,

0.0001, r 5 0.59, P , 0.001 respectively), but richness
was more important than evenness in explaining
changes in the diversity index.

DISCUSSION

The Yungas forests, which belong to humid subtrop-
ical South American ecosystems, are among the
ecosystems most affected by human activity in
Argentina, with a consequent loss of biodiversity.
Some previous arbuscular mycorrhizal studies have
been conducted in the Yungas forest (Becerra et al.
2007, 2009; Becerra and Cabello 2008), and this study
provides a baseline of data to allow for future
comparisons.

Specific spore density.—AMF sporulation is seasonal
(McGee 1989, Oehl et al. 2009). Specific spore density
varied among seasons at each site examined here. At
NR AMF species could be separated into two groups:
(i) those that sporulated in spring (rainy season)
(Acaulospora excavata, A. mellea, Glomus fuegianum,
G. geosporum, G. intraradices, Glomus sp. and P.
chimonobambusae) and (ii) those that sporulated
throughout the year (the remaining species found).
At QP only Scutellospora sp. preferentially sporulated
in spring, while A. laevis and G. fuegianum sporulated
in both autumn (dry) and spring (rainy), and the
remaining species sporulated throughout the year.
These differences in the time of sporulation are
characteristic of AMF community dynamics, which
may be explained by fungal substitution determined
by different life strategies of each AMF, seasonal
variation of environmental conditions and host
phenology (Merryweather and Fitter 1998, Eom et
al. 2000, Pringle and Bever 2002).

Species contribution to H index.—The genus that most
contributed to the biodiversity index at QP was
Acaulospora (45%), whereas Glomus (52%) made
the greatest contribution at NR. At both sites species
within Acaulosporaceae and Glomeraceae were dom-
inant. Similar results were observed in the tropical
forests of China (Zhao 1999, Zhao et al. 2001) and
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Mexico (Guadarrama and Alvarez-Sánchez 1999) as
well as in temperate and tropical regions of the south
and west coasts of China (Zhang et al. 1998, Shi et al.
2006). It is known that species of these families have
multiple propagules (e.g. spores, hyphal fragments
and mycelia within roots) that can initiate coloniza-
tion ( Jasper et al. 1989).

Diversity, richness and evenness.—High diversity was
observed in the Yungas forests. AMF diversity values
recorded in this study are higher than those found in
soils under agricultural management in Minnesota
(H 5 0.57–0.64) (Kurle and Pfleger 1996) and in soils
under cocoa production in Venezuela (H 5 0.6–0.78)
(Cuenca and Meneses 1996), whereas high values of

TABLE I. Seasonality of specific spore density/100 g soil in Narváez Range (NR) and Quebrada del Portugués (QP). Data are
means of five replicates for each site and season 6 SE. Values within a row followed by a different letter were significantly
different for each AMF and each site among seasons by Kruskal-Wallis non-parametric test (P , 0.05)

AMF species Sites
Autumn

(dry season)
Winter

(dry season)
Spring

(rainy season)
Summer

(rainy season)

Acaulospora
denticulata

NR 0 a 0 a 0.53 6 1.2 a 0 a
QP 0 a 4 6 8.9 a 0.9 6 2.1 a 0 a

A. excavata NR 48.7 6 45.4 ab 22 6 6.4 abc 68 6 74 a 1.9 6 3.1 d
QP 13.8 6 14.9 abc 47.4 6 81.7 abcd 32.1 6 19.7 ab 5.2 6 7.8 ab

A. laevis NR 46 6 12.7 a 26.7 6 22 c 87.7 6 14.9 ab 27 6 7.4 c
QP 154 6 59.2 bc 76.6 6 64.1 abc 126.2 6 33.3 a 51.7 6 39.5 bc

A. mellea NR 55.5 6 105.7 abc 5.7 6 12.7 c 96.3 6 84.2 a 5.4 6 8.1 bc
QP 3.7 6 4.6 bc 10.2 6 16 bc 86.9 6 52.7 ab 8.7 6 10.6 bc

A. rehmii NR 3.7 6 7.1 a 5.6 6 7.8 a 1 6 1.5 a 2.5 6 3.1 a
QP 0.5 6 1 a 3.3 6 5.4 a 24.9 6 55.6 a 0 a

A. scrobiculata NR 38.6 6 77.1 a 5.4 6 5.5 a 11.5 6 8.8 a 5.5 6 8.2 a
QP 20.2 6 13.7 a 9.2 6 9.8 a 26.3 6 18.2 a 30.7 6 26.4 a

A. spinosa NR 2 6 4.5 a 0.5 6 1 a 3.9 6 3.9 a 1 6 2.2 a
QP 3 6 6.7 a 3.6 6 5.8 a 2.7 6 3.1 a 2.8 6 5.1 a

Acaulospora sp.1 NR 0 a 0 a 0 a 0 a
QP 0 a 3.1 6 4.7 a 0 a 0 a

Acaulospora sp.2 NR 0 a 0 a 0 a 0 a
QP 0.5 6 1 a 0 a 0.5 6 1 a 0 a

Ambispora leptoticha NR 50.6 6 54.4 a 34.2 6 27.5 a 41.5 6 58.4 a 20.1 6 6.9 a
QP 31.7 6 18.2 a 20.8 6 16.8 a 27.0 6 10.2 a 38.4 6 21.5 a

Entrophospora
infrequens

NR 5 6 5.9 a 0 a 4.5 6 4.3 a 1.9 6 3.2 a
QP 5.1 6 3.2 a 3.6 6 6.8 a 1.8 6 3 a 0.5 6 1 a

Glomus claroideum NR 4.3 6 3 a 17.6 6 10.6 a 36.1 6 32.3 a 25.7 6 23 a
QP 2.8 6 2.6 a 16.1 6 11.3 a 27.9 6 15.5 a 22.3 6 8.7 a

G. clarum NR 0 a 0 a 0.5 6 1 a 4.8 6 10.7a
QP 0 a 3.5 6 6.7 a 0 a 0.5 6 1 a

G. fuegianum NR 85.9 6 104.1 abc 14.1 6 5.5 c 289 6 259.1 a 53.5 6 29.9 abc
QP 77 6 41.8 ab 42.5 6 69.3 bc 131.9 6 70.4 a 33.6 6 28.7 bc

G. geosporum NR 167.4 6 221.4 ab 29.1 6 31.4 c 91.7 6 47.7 a 7.7 6 7.6 c
QP 44.8 6 37.1 abc 26.2 6 24.8 c 31.9 6 18.1 bc 21.1 6 23.4 c

G. intraradices NR 11.3 6 11.8 bc 5 6 5.4 bc 42.5 6 24.8 a 13.5 6 14.2 abc
QP 3.8 6 4.3 c 5.5 6 6 bc 21.4 6 14.2 ab 6.1 6 5 bc

G. lacteum NR 8.9 6 19.8 a 2.7 6 3.9 a 0.5 6 1.2 a 1.9 6 2.6 a
QP 16.9 6 22.6 a 2.2 6 3.6 a 0.5 6 1 a 0 a

Glomus sp. NR 58.8 6 20.3 ab 15 6 12.4 bcd 69.6 6 23.9 a 42 6 27.6 abc
QP 10 6 17.2 c 0.5 6 1 c 10.7 6 14.4 cd 3.3 6 2.8 c

Pacispora
chimonobambusae

NR 3.4 6 6.4 c 6 6 8.2 c 89.5 6 60 a 6.5 6 8 c
QP 12.6 6 10.3 bc 7.1 6 9 bc 26.3 6 19 ab 8.7 6 5.7 bc

Scutellospora
biornata

NR 3 6 5.3 a 2.9 6 4 a 12.1 6 7.4 a 2.5 6 3.7 a
QP 4.3 6 2.6 a 3.2 6 2.1 a 12.4 6 15.3 a 5.7 6 5 a

Scutellospora sp. NR 0 b 0 b 12.9 6 15.6 ab 0 b
QP 0 b 1.9 6 3 ab 11.7 6 9.9 a 0 b

Scutellospora
dipapilosa

NR 0 a 0 a 0.5 6 1 a 0.5 6 1 a
QP 0 a 0.4 6 1 a 0.4 6 0.9 a 1.5 6 3.3 a
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diversity were reported under agricultural manage-
ment in Argentina (H . 2.5) (Schalamuk et al. 2006)
and in unmanaged soils from Poland (H 5 1.91–2.2)
(Blaszkowski 1995). The latter values were similar to
those found here in the Yungas and in temperate
forests (Louis and Lim 1987, Morton et al. 2004).

The biodiversity index often shows a higher
correlation with richness than evenness (Magurran
1988). Richness was more important than evenness in
explaining the high diversity values in the AMF spore
communities at both sites examined here. Richness
values were 4–16, with an average of 9.8 species for
the two sites. Species richness can vary between
samples (Walker et al. 1982) because numerous
ecological variables, such as seasonality and host
dependence, influence sporulation by AMF (Morton
et al. 2004). In addition the Yungas soils studied here
had relatively high fertility, few AMF spores (Becerra
et al. 2009) but high species richness, in agreement
with observations reported by Hetrick and Bloom
(1983) for grassland soils.

In conclusion this study showed that the species
composition of AMF spores varied across seasons at
two sites in the Yungas forest and that the overall
diversity of the AMF community was highest during
the spring (rainy season). Genus Acaulospora contrib-
uted most to the biodiversity index at QP, while
Glomus contributed most at NR. Further long-term
studies are necessary to elucidate the ecological role
of different AMF in Yungas forests of Argentina.
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Summer (rainy season) 2.46 abc 2.58 ab 0.82 a 0.86 a 8.4 a 8.4 a
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