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a b s t r a c t

The objective of this study was to assess and compare the diversity of arbuscular-mycorrhizal fungi
(AMF) obtained from five vegetation typesdgallery forest, grassland, marsh, palm forest, and scru-
blanddwithin El Palmar National Park (Entre Ríos province, Argentina) through trap cultures with soil as
the source of inoculum. Three different plant speciesdLolium perenne L., Plantago lanceolata L., and
Trifolium pratense L.dwere used as trap plants. The experiment, conducted for two years under glass-
house conditions, showed that spore number increased during the second year in all the trap cultures
from the five vegetation types, with Glomeraceae being most abundant in the last year. A total of 34
morphospecies were identified at the species level (32 morphospecies during the first year and 26 during
the second). The species richness and biodiversity index decreased in the second year and were
significantly different between the marsh and the palm forest. The soil-based trap culture isolation
procedure indicated the presence of Glomeromycota species not registered from field samples: three
belonging to the Acaulospora genus, one to the Glomus genus, and three to the Gigaspora genus. The
results of this study confirmed the local competiton of Glomeraceae against other Glomeromycota
families under glasshouse conditions.

Published by Elsevier Masson SAS.

1. Introduction

Arbuscular mycorrhizae are an intimate associations between
92% of the plant families [41] and fungi of the phylum Glomer-
omycota [30]. Arbuscular-mycorrhizal fungi (AMF) probably played
a significant historical role in the process of land colonization by
plants [28]. AMF not only improve the growth of plants by
increasing the uptake of available phosphorus and other nonlabile
mineral nutrients essential for plant growth from the soil, but also
have other beneficial effects such as alleviating the stress caused by
biotic and abiotic conditions [32]. In nature, communities of AMF
occurring in differing ecosystems consist in different species [26]
and exert diverse symbiotic functions, depending on their partic-
ular community structure.

Most studies addressing AMF diversity rely on the morpholog-
ical identification of AMF spores obtained either directly from the

field [10,11,19] or from trap cultures [3]. The propagation of cultures
of arbuscular fungi requires growth in association with a living
universal host plant (e. g., Plantago lanceolata L., Trifolium pratense
L., Zea mays L., Allium porrum L.) inoculated with field soil in pot
cultures in a glasshouse. Cultures of these fungi are necessary to
provide living fungal- and mycorrhizal-root material for research
and for practical applications. These cultures are also the method of
choice for taxonomic research, where they can be used to provide
a sufficient number of viable fungal spores from the field soils
previously collected [22,39].

This approach using trap cultures does not reveal the same
community composition of AMF species as the direct analysis of
spores in the field [15,24,25]. This discrepancy has been attributed
to selective effects of the trap-plant species [1,15] or to different
growth conditions in the glasshouse, including the time period of
cultivation [25]. The present study aimed at assessing the AMF
diversity obtained in trap cultures through the use of a consortium
of host plants over a 24-month period under glasshouse condi-
tions with soils derived from different vegetation types within
a protected area, the El Palmar National Park, as the source of
inoculum.
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2. Methods

2.1. Study site and sampling

Soil was collected in June 2006 from five types of vegetation
located in El Palmar National Park, Entre Ríos province, Argentina
(31� 500 S, 58� 170 W). The climate is temperate with a mean annual
temperature of 18.9 �C, a mean annual rainfall of about 1300 mm,
and a water deficit frequently occurring during the summertime
[14]. The landscape of the park consists in a mosaic of vegetation
types; including forests along the rivers and streams, tall grassland
on humid alluvial plains, xeric steppes on the sandy outcrops, and
scrublands and palm savannahs dominated by Butia yatay (Mart.)
Becc., an endangered species [8], on the uplands. On the basis of
ecophysiological and floristic characteristics, areas with five
different vegetation types had been previously identified at that
park: a gallery forest (GF), a closed forest frequently flooded along
permanent streams and rivers; a grassland (GRA), an area with
short grass up to 50 cm tall on sandy soils as vegetation; a marsh
(MAR), comprised of tall grasses and sedges on intermittent
streams and ponds; a palm forest (PF) with a savanna-like physi-
ognomy containing tall (>12 m height) B. yatay palms and sparse
trees; and a scrubland (SCR) characterized by open vegetation with
a continuous cover of shrubs up to 3 m tall [37].

The sampling design consisted in three replicate samples from
each vegetation type. Soil samples were collected by using
a composite-random (i. e., serpentine [9]) method of sampling. In
those places where each sample was collected, 5 to 6 subsamples
were pooled within a square area of ca. 3m2. Thus, within each site,
three representative soil samples (i. e., 15 samples: 5 vegetation
types � 3 replicates) were collected and stored in resealable plastic
bags for transport to the laboratory, where they were kept under
refrigeration at 4 �C until processed.

2.2. Glasshouse study

The experiments were conducted at the Institute Spegazzini,
Facultad de Ciencias Naturales y Museo (UNLP), La Plata, Argentina.

Seeds of Lolium perenne L., P. lanceolata L., and T. pratense L. were
surface-sterilized (15 min with a 10% [w/v] sodium hypochlorite
solution), germinated in autoclaved substrate composed of
a mixture of perlite:vermiculite (1:1, w/w), and maintained in an
environmentally controlled room at constant moisture and
temperatures between 24 � 1 �C in the daytime and 20 � 1 �C at
night in a 16 h photoperiod provided by incandescent and cool-
white lamps until 10 days after shoot emergence.

Trap-culture methodology [25] was used in this study. The AMF
inoculum consisted in 180 g of field soil (20 g per trap plant at nine
plants per pot) containing resting spores of the fungus, the fungal
hyphae in the soil, and root fragments [31]. The inoculawere placed
in 27 � 17 � 20-cm (length � width � height) pots containing
a tyndallized substrate (1 h at 120 �C repeated three times after
a 24-h interval) composed of soil:vermiculite (3:1 v/v). Each pot
then received a transplant consisting in three L. perenne, three
P. lanceolata, and three T. pratense plants per pot. Each trans-
plantationdcorresponding to a particular vegetation typedwas
performed in triplicate (n ¼ nine pots per vegetation type, a total of
45 pot cultures). The plants were grown in a glasshouse for 24
months with the light and temperature controlled as described
above, werewatered from below by a capillary system, and fedwith
the nutrient solution: MgSO4$7H2O, 0.75 mM; NaNO3, 1 mM;
K2SO4, 1 mM; CaCl2$2H2O, 2 mM; Na2HPO4$12H2O, 3.2 mM; FeNa-
EDTA, 0.025 mM; MnSO4$4H2O, 5 mM; CuSO4$5H2O, 0.25 mM;
ZnSO4$7H2O, 0.5 mM; H3BO3, 0.025 mM, NaMoO4$2H2O, 0.1 mM [7].

2.3. Sampling in the trap cultures

Every two months for two years, 100 g (dry weight) of substrate
samples were taken with the aid of a 15-cm3 core for AMF-spore
extraction and identification. After sampling, the holes in the pots
were refilled directly with the same sterile substrate used in the
experiment.

2.4. AMF spore isolation and identification

The AMF communities in the GF, GRA, MAR, PF, and SCR trap
cultures were monitored by spore extraction: 100 g (dry weight) of
soil for each sample was wet-sieved and decanted [13] and the
supernatant centrifuged in a sucrose gradient [40]. For taxonomic
identification, fungal spores were mounted in either polyvinyl-
lactic acideglycerine (PVLG) [16] or PVLG mixed 1:1 (v/v) with
Melzer’s reagent [6] and examined under a light microscope (Leitz
Dialux 20EB, 60�, 250�, 400�, and 1000� magnifications). The
specimens obtained were identified following current species
descriptions and identification manuals (INVAM: http://invam.caf.
wvu.edu; Szcezecin University: http://agro.ar.szczecin.pl/
wjblaszkowski/index.html). Vouchers were deposited in the
Herbarium at the Spegazzini Institute (LPS), La Plata, Argentina.

Soil samples from each pot for each site were screened for AMF
spores and the following calculations made: (i) the spore abun-
dance, given as the number of spores of the particular species in
a sample; (ii) the spore number, defined as total number of spores
found in 100 g dry weight of soil; (iii) the AMF-species richness,
measured as the total number of different AMF species occurring in
100 g dry weight of soil; and (iv) the Shannon diversity index (H0).
This last parameter was calculated by the equation H0 ¼ �P

pilnpi
where pi is the relative abundance of the ith species compared with
all species identified in a sample [20].

2.5. Statistical analysis

The data for spore number, species richness, and the diversity
index were analyzed by means of the one-way analysis of variance
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Fig. 1. AMF spore number (means n ¼ 9 and SD) for two year in the trap cultures. GF:
gallery forest, GRA: grassland, MAR: marsh, PF: palm forest, and SCR: scrubland.
Significant differences were not observed according to Fisher’s test (P ¼ 0.01).
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(ANOVA). The Fisher test (LSD) was applied a posteriori to locate the
differences in treatment among the means [33]. All data were
analyzed using InfoStat version 1.1. The percentages of each family
of Glomeromycota in trap cultures were transformed used: [(log2
spore number) þ 1]. Multivariate analyses were used in order to
analyze the AMF-spore composition present in the trap cultures. A
Principal Component Analysis (PCA) was carried out with the spore
number for each year from the five vegetation types. The PCA was
performed with Multivariate Statistical Package (MVSP 3.1).

3. Results

3.1. AMF spore number

The spore number recorded in 100 g of soil was higher in the
second year for all sites analyzed (Fig. 1): in the first year, the spore

number decreased within the different soil samples in the order
SCR > GF > PF >MAR > GRA, while in the second year the order of
decreased spore number was GF > SCR > GRA > MAR > PF.

3.2. AMF families in the trap cultures

The percentages of spores belonging to the Acaulosporaceae,
Archaeosporaceae, Entrophosporaceae, Gigasporaceae, Glomer-
aceae, and Pacisporaceae during the two years in the trap cultures
were calculated (Fig. 2).

The number of AMF families detected in the pot cultures was
always higher during the first year. The percentages of spores
belonging to Acaulosporaceae and Glomeraceaewere the highest in
all the pots; followed by Gigasporaceae, Entrophosporaceae,
Archaeosporaceae, and Pacisporaceae in respective decreasing
order of abundance.

Fig. 2. Number of spores (%) (means n ¼ 9) for the members of families Acaulosporaceae, Archaeosporaceae, Entrophosporaceae, Gigasporaceae, Glomeraceae, and Pacisporaceae
obtained at two year in the trap cultures. GF, GRA, MAR, PF, and SCR. Some notations as in Fig. 1.
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In the second year the number of Glomeraceae spores increased;
while those of the other families decreaseddexcept in the pots
with inocula from the marsh, where the number of spores
belonging to both the Glomeraceae and Acaulosporaceae families
increased.

3.3. Abundance of AMF spores in the trap cultures

A total of 34 AMF morphotaxa were identified at a both generic
and species level when possible. Thirteen taxa from Acaulospora;
ten taxa from Glomus; five taxa from Scutellospora; three taxa from
Gigaspora; and one taxon each from Archaeospora, Entrophospora,
and Pacispora were recorded. Of the 34 total morphospecies, 32
were recovered in the first year and 26 in the second (94% and 76%,
respectively; Table 1).

Spores of Glomus claroideum, Glomus etunicatum, Glomus
microaggregatum, and Glomus sp. were found in all the pots tested
during the two years of study; whereas those of Acaulospora ele-
gans, Acaulospora foveata, Acaulospora spinosa, Acaulospora sp. 2,
Gigaspora rosea, Glomus constrictum, Scutellospora dipapillosa, and
Scutellospora sp. 2 were found only during the first year. During the
second year we furthermore recovered two (Glomus coronatum and
Glomus intraradices), species that had not been found initially.

Fig. 3 shows the PCA analysis. The first and second axes of the
PCA analysis accounted for 84.3% of the variance. The trap cultures
from SCR I, SCR II, and GF I were separated from all the other
vegetation types (GF II, GRA I-II, MAR I-II, PF I-II, and SCR I). Glomus
clarum and G. etunicatumwere more abundant in the former three
and contributed to that grouping. Temporal and vegetation-type
effects were not observed.

3.4. AMF-species diversity in the pot cultures

The number of AMF species and the Shannon diversity index
(H0) in the trap cultures established from the different vegetation
types from El Palmar National Park at the end of two years of
cultivation were calculated (Fig. 4).

The highest values of species richness and AMF diversity,
expressed by the Shannon index, were found in the first year of
cultivation in all instances. In the pot cultures with the inocula
belonging to the MAR and the PF these differences were significant
(P < 0.05).

4. Discussion

The effect of cultivation of a consortium of three different trap-
plant species on AMF sporulation and diversity was studied with
trap-cultures incubated in the glasshouse over a period of two
years. Several authors indicated that isolates from trap cultures
allowed a recovery of most species of Glomeromycota that had
previously been identified from field-collected spores [2,21,23,34].
In this study, the total spore number in all soil environments was
higher in the second year of culture, an increase that would be
expected since the number of spores includes both newly formed
structures and spores remaining from previous period.

This study also demonstrates differences between the two years
of cultivation with respect to the relative contribution of different
Glomeromycota families. During the first year the Acaulosporaceae
and Glomeraceae account for the largest contribution (e. g., 67%),
followed by the Gigasporaceae (23%) and, at a much lower repre-
sentation, the Archaeosporaceae, the Entrophosporaceae, and the

Table 1
Spore abundance (n ¼ 9) from each of the arbuscular-micorrhizal fungi (AMF) species distinguished for the two years in the trap cultures. GF, GRA, MAR, PF, and SCR. Some
notations as in Fig. 1. Species are ordered according their abundance.

First year Second year

GF GRA MAR PF SCR GF GRA MAR PF SCR

Glomus etunicatum 20.8 3.7 8.3 32.4 366.2 457.4 170.3 78.3 87.5 405.4
Acaulospora delicata 0.7 2.5 0.5 1.2 55.7 0.5 0.5 e 0.2 0.3
Glomus clarum 111.1 0.6 3.9 0.2 33.2 53.9 0.7 e 22.9 229.9
Glomus sp. 17.8 15.2 11.6 15.7 19.6 7.6 7.8 6 9.4 3.7
Glomus claroideum 0.5 0.1 0.1 0.7 7.6 211.1 116.2 8.4 41.4 15
Glomus microaggregatum 0.6 0.8 0.7 2.3 3.7 0.3 0.4 0.2 0.2 0.2
Glomus mosseae 0.2 0.5 0.1 1.7 1.6 3.1 0.2 0.4 e 4.7
Acaulospora dilatata 0.2 1.6 0.5 1.2 0.7 1 e 46.8 e e

Acaulospora entreriana 0.2 e e 0.2 12.6 e 0.4 e e 4.7
Entrophospora infrequens e 0.8 0.7 0.7 1.4 e e e e 0.5
Acaulospora sp. 2 0.8 0.4 e 0.5 0.2 e e e e e

Acaulospora scrobiculata e e 0.5 0.2 0.2 0.2 e e e e

Acaulospora mellea e e 0.2 0.1 0.2 01 0.3 e e 0.65
Acaulospora bireticulata e e 0.6 e 0.2 e e e e 0.2
Archaeospora sp. e e 0.3 e 0.2 0.2 e e 0.2 0.2
Scutellospora dipapillosa e e 0.1 e 0.2 e e e e e

Scutellospora sp. 2 e e e 0.2 0.7 e e e e e

Scutellospora biornata e 0.3 e e 0.1 e e 0.1 e e

Gigaspora sp. 2 e 0.6 e 0.2 e e 0.6 e 0.2 0.6
Scutellospora gilmorei e 0.6 e 0.1 e e e e e 0.5
Gigaspora sp. 1 e e e e 0.2 e e e e 0.2
Acaulospora spinosa e e e e 0.2 e e e e e

Glomus constrictum e e e e 0.2 e e e e e

Pacispora sp. 2 e e e e 0.2 0.2 e e e 0.2
Acaulospora rhemii e 0.6 e e e e e e 0.2 e

Glomus tortuosum e 0.4 e e e e 0.2 e e 0.2
Acaulospora laevis e 0.2 e e e e 0.3 e 0.2 e

Acaulospora foveata e 0.2 e e e e e e e e

Scutellospora sp. 1 e 0.2 e e e e e e 0.2 e

Acaulospora sp. 1 0.2 e e e e e e e e 3
Glomus intraradices e e e e e 120.3 e e e e

Glomus coronatum e e e e e e e e e 4.9
Acaulospora elegans e e e e 0.1 e e e e e

Gigaspora rosea e e e e 0.1 e e e e e
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Pacisporaceae (combined total, 10%). The Glomeraceae, however,
become dominant (97%) during the second year of the trap cultures
in all pots, while the rest of the families show total spore counts of
lower than 3%.

The fungi that sporulate early in a trap culture could potentially
be representative of the r strategy, where they dominate resource-
rich uncolonized habitats in early successive stages of the fungal
community [27]. By contrast, a k strategist would follow the
opposite tactic, characterized by a slow growth under resource-
limited conditions and an appearance in the late successive
stages. In this experiment, the species of the Glomus (considered an
r strategist) dominated the trap culture during the second year.
Other studies indicated that soil-to-trap-culture isolation proce-
dures apparently select the most competitive AMF, or those fungi
that can best adapt to the experimental conditions of plant and
fungal growth, e. g., chemical fertilization [6,31].

AMF species require different lengths of time to sporulate [12].
Some members of the Glomeromycota are capable of producing
spores very earlydi. e., from 3 to 4 weeks after the primary root
colonizationdwhereas others require more than 6months to begin
the process [29,31]. G. etunicatum, G. clarum, and G. claroideum
were present in all the trap cultures with soil based inoculum from
the El Palmar National Park. The higher proportion of Glomus
species found with soil as the source of inoculum in the present
study agrees with previous reports [5,31].

In this investigation the majority of the trap cultures started
with soil were dominated by G. etunicatum and G. clarum
throughout the 2 years. Glomus species have been seen to be the
first to sporulate in soils [25], and were often encountered in arable
lands [4,15,17,18,35]. In contrast, in the second year of the trap
cultures a decrease in the number of Acaulospora and Gigaspora
species were found. Others reports, however, had indicated that
Acaulospora species mainly sporulated during the second year of
the vegetation period, whereas species of the genus Scutellospora
sporulated in both years of trap-culturing [23].

In a previous study in El Palmar National Park, 46 AMF mor-
phospecies from field-collected spores were identified [37]. In the
present work, trap cultures allowed the recovery of 34 morpho-
species, from which seven morphospecies (12%) had not been
previously encountered in field samples. Among those newly
identified morphospecies, three Acaulosporaceae: Acaulospora
entreriana, A. elegans, and Acaulospora sp. 2 [38]; one Glomeraceae:
Glomus tortuosum; and three Gigasporaceae: G. rosea, Gigaspora sp.
1, and Scutellospora sp. 2 were identified though the use of the trap
culture. Thus, certain AMF that may play a significant role in the
natural communities studied cannot be detected by the field-
sampling method.

The diversity index and species-richness values evinced a vari-
ation over the two years of culture. Higher values in species rich-
ness and diversity, as calculated by the Shannon index, were

Fig. 3. Principal component analysis (PCA) of the two years in the trap cultures. GF, GRA, MAR, PF, and SCR. Some notations as in Fig. 1.
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observed in the first year. Over the two years of trap cultivation, 34
Glomeromycota morphospecies were recoveredd32 morphotaxa
(94%) in the first year and 26 (76%) in the second. This finding
indicated an 18% decrease in the species richness. In contrast, other
research had reported a 50% increase in the species registered
during the second year [23], or a 25% increase in that same
parameter at the end of the first year of culture [34].

In addition, in samples from field soils, a strong AMF-
community differential response to different vegetation types in
the Park was found [36]. This observation is consistent with the
existence of different edaphic conditions and plant-community
compositions. In that survey, Gigasporaceae were found to be
abundant in PF and GRA in response to a high content of sand.
The Glomus species were, nevertheless, found to be significantly
abundant in and exhibited a high correlation with clay in field
samples from the GF, MAR, and SCR. Nevertheless in the present
study, the PCA analysis indicated the absence of temporal or
vegetation-type effects. This result can be attributed to two main
causes: first the homogeneity of the substrate and second the
constancy of the glasshouse conditions throughout the entire
course of the experiment.

The detection of differences in the mycorrhizal communities
among the five vegetation types in the El Palmar National Park
investigated here constitutes a significant documentation of the
biological variability that has occurred in this protected area.
The study has also provided a consequental initial approach in the
characterization and conservation of the germplasm of this rele-
vant group of soil microorganisms. In conclusion, among the five
different AMF communities, themost diverse was PF, therefore, this
vegetation type warrants a priority both in future studies and as
a vegetation type to be selected for protection outside the Park.
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