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Abstract: Arbuscular mycorrhizal fungi (AMF) were
studied in the rhizosphere of 3 Poaceae with meta-
bolic pathway C3 (Briza subaristata Lam., Deyeuxia hi-
eronymi (Hack.) Türpe and Poa stuckertii (Hack.) Par-
odi), 2 Poaceae with C4 metabolic type (Eragrostis lu-
gens Nees and Sorghastrum pellitum (Hack.) Parodi.),
and a Rosaceae (Alchemilla pinnata Ruı́z & Pav.) from
a natural mountain grassland in Central Argentina
(South America). Host species, their metabolic type,
seasonal changes, and grazing effects over AM fungal
diversity were analyzed. Seventeen mycorrhizal fungi
taxa were found, widespread in all families of Glom-
ales. Density of endomycorrhizal fungi was found to
be strongly influenced with seasons and host meta-
bolic pathway, although biodiversity (H), richness (S)
and evenness (E) did not change. In most cases graz-
ing did not affect these variables.

Key Words: C3, C4, endomycorrhizal fungi rich-
ness, fungal spore biodiversity, glomalean density,
Glomales, highland grass

INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are colonizing
the majority of herbaceous plant roots in natural eco-
systems all over the world (Trappe 1987, Allen et al
1995). In Poaceae this association is widespread and
occurs, with few exceptions, in both annual and pe-
rennial species. AM colonization is common in infer-
tile habitats (Newsham and Watkinson 1998) and typ-
ical grassland soils with low phosphorus level (Mc-
Naughton and Oesterheld 1990). In grass hosts, AMF
colonization is influenced by the host metabolic type.
Thus, cold-season grasses (C3 metabolic type) are fac-
ultative mycotrophs, while warm-season grasses (C4
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metabolic type) are the obligate ones (Hetrick et al
1990, Bentivenga and Hetrick 1992). Likewise, fungal
species showed different responses regarding growth
and colonization intensity, which depend on host
species. Thus, some host-fungus combinations would
be more favored than others (Sanders and Fitter
1992a).

Seasonal fungal patterns are closely related to host
phenology and climate variations (Bentivenga and
Hetrick 1992, Rosendahl and Rosendahl 1992, Sand-
ers and Fitter 1992b, De Mars and Boerner 1995, Al-
len 1996). Seasonal changes in diversity of AMF were
studied mainly in sand dune systems (e.g., Koske
1975, Giovannetti and Mosse 1985, Sylvia 1986, Gem-
ma and Koske 1988, Gemma et al 1989, Blaszkowski
1994, Stümer and Beller 1994, Sigüenza et al 1996,
Blaszkowski et al 1998). However, few studies were
carried out in other habitats ( Johnson et al 1991,
Cuenca and Lovera 1992, Clapp et al 1995, Vestberg
1995, Guadarrama and Álvarez-Sánchez 1999).

Grazing effects over AM fungal colonization are
controversial (Reece and Bohman 1978, Bethlenfal-
vay and Dakessian 1984, Bethlenfalvay et al 1985, Wal-
lace 1987, Allen et al 1989, Gange et al 1993, Gehring
and Whitman 1994), and their influence on fungal
diversity has been poorly reported.

Despite our knowledge about how seasonal chang-
es, grazing effects, and the host metabolic type influ-
ence AMF colonization, there are few field experi-
ments to date that take all these factors into consid-
eration. The aim of this work, then, was to study AM
fungal diversity (density and richness) in mountain
grassland, its relationship with host species and host
metabolic types, gazing, and seasonality.

MATERIALS AND METHODS

Site of study. This research was carried out in Pampa de
Achala, a granite plateau at 2250 m above sea level, in Si-
erras de Córdoba, Argentina (318209S, 648459W). The cli-
mate is temperate with cold dry winters (average tempera-
ture 5 C) and short cool summers (average temperatures
11, 4 C). The average rainfall is 850 mm, from October to
April. Frost may occur at almost any time, occasionally snow
may fall in winter and spring (Dı́az et al 1994, Pucheta and
Cabido 1992). The vegetation is a climatically determined
grassland traditionally subjected to pastoral use (cattle,
sheep, and horse). Climatic and floristic features are de-
scribed in detail by Cabido (1985).
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Soils have light acid pH and high degradation velocity.
The texture varies from loam to clay-loam. It is related to
the ‘‘Deyeuxia grassland’’ classified as Humic Cambisol/Cu-
mulic Haplumbrept, Haplic Phaeozem/Entic Hapludoll,
and Haplic Phaeozem/Fluventic Hapludoll (Cabido et al
1987).

Host species. The rhizospheres of three Poaceae with C3

metabolic type (Briza subaristata Lam., Deyeuxia hieronymi
(Hack.) Türpe, Poa stuckertii (Hack.) Parodi), two Poaceae
with C4 metabolic type (Eragrostis lugens Nees and Sorghas-
trum pellitum (Hack.) Parodi), and that of a C3 Rosaceae
(Alchemilla pinnata Ruı́z et Pav.), were studied. All hosts
were perennial species.

Experimental design. To examine the effect of grazing on
AMF spore production we considered two situations: an
area protected by fences from large herbivores for at least
20 yr (NG: ungrazed) and a nearby area under continuous
intense grazing by cattle and horses (G: grazed) with mod-
erate to high stocking rate: ca 0.25 horses and 0.5 cows per
hectare (Pucheta et al 1998). Six sampling sites of 1 hectare
each, separated by 3 km, were selected. Three correspond-
ed to grazed lands and the others to the ungrazed. They
represented the three replicates for each situation, and they
were named site 1, 2, and 3.

In each site studied, samples were collected during iter-
ated seasons: autumn (21-V-96), autumn (2-3-VI-97), winter
(8-IX-96), winter (6-8-VIII-97), spring (8-XII-96), spring (11-
12-XI-97), and summer (20-II-97). Eight whole (stem and
root) individuals per host species and their rhizospheric soil
were collected from each site and from the 2 different sit-
uations (G or NG). Samples were kept in plastic bags at 4
C for around a week until processed.

Methodology. The rhizospheric soil from the 8 host individ-
uals for each species, under grazing and non-grazing con-
ditions, was mixed. For the spore and sporocarps extrac-
tion, 100 mL were treated by the wet sieving and decanting
method (Gerdemann and Nicolson 1963). The resulting
material was centrifuged with 80% sacarose (Walker et al
1982). Quantification was carried out in 9-cm-diameter Pe-
tri dishes with gridline of 1 cm per side under a stereoscopic
microscope at 50 X. In the major fractions (500 and 250
mm sieves) the total divisions were counted, while only 10
divisions were counted in the minor one (45 mm). These
10 divisions were related to the total number of spores, us-
ing the method modified by McKenney and Lindsey (1987).
Sporocarps were counted as one spore. For the taxonomic
identification, fungal spores and sporocarps were mounted
onto slides using PVA (Omar et al 1979) with and without
Melzer reagent (Morton 1988). Vouchers were deposited in
the Herbarium at the Botanic Museum of Córdoba
(CORD), Argentina.

The total fungal density was considered as total spore
number per 100 mL of soil, and spore density of each fun-
gal species as the spore number of a specific fungal species
per 100 mL of soil.

The fungal specific spore density was used to calculate
the biodiversity index Shannon-Weaver, H; species richness,
S; and evenness, E. Species richness, S, is simply the number

of different species found in all samples. Species diversity,
H, that encompasses both S and E, may be quantified ac-
cording to Magurran (1988):

S

H 5 p (log p ) (1)O i 2 i
i51

where Pi is the probability of finding each species i in one
sample.

Species evenness, E, that measures the equity of the pres-
ence of each species in all samples, is given by:

H
E 5 (2)

log S2

From eq. 2 it can be deduced that

H 5 E log S2 [3]

in which the Shannon-Weaver index appears as the product
of the two main components of diversity: evenness and the
number of species. Thus, an increased diversity implies not
only an augmentation in the number of species but also in
the evenness of their distribution (Frontier and Pichod-Vi-
ale 1995).

The Shannon-Weaver index was used since an equal
probability of capture/encounter of species was assumed
due to the high number of host individuals sampled, the
large sample sites, and the seasonal collection of samples.

Identification of AM fungal species was specified by Lugo
and Cabello (1999) and Lugo et al (1999). Monospecific
cultures were placed in ‘‘AMF living culture collection’’ at
Spegazzini Institute, La Plata, Argentina. Current, non iden-
tified specimens were maintained in culture and were
named with the genera followed by a discriminated num-
ber.

Data analysis. In agreement with other authors (St. John
and Koske 1988, Bever et al 1996), spore density (total and
specific) was not normally distributed, data were compared
by Kruskal-Wallis one way analysis by ranks when the factors
had more than two levels (season and host species), and
Mann-Whitney U-test when factors had only two levels (host
metabolic type, grazing conditions) using SPSS (Systat Co.).
All factors were analyzed at a 5 0,05 and P # 0,005 signif-
icance.

AM diversity (H), fungal richness (S) and evenness (E)
differences between grazing conditions for all the host spe-
cies analyzed in this study were determined by paired t-test
at P # 0.05.

RESULTS

When field spores were quantified, the acknowl-
edged entities were named at generic level with a
numerical subscript. After isolation and trap culture,
these entities were identified at specific level, result-
ing 17 species. Fungal entities were identified as the
following genera and species: A. mellea Spain &
Schenck (C-6, C-6.1 LPS); complex namely as Acau-
lospora2 was identified as A. bireticulata Rothwell &
Trappe (C-14 LPS) and A. spinosa Walker & Trappe;
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FIG. 1. Seasonality of spore total density/100 mL of soil in different grazing conditions. Data are mean of three replicates
(sites 1, 2, 3). Error bars 5 SE. The same letter above bars indicates that the values do not differ significantly as determined
by Kruskal-Wallis no-parametric test (P # 0.05). Abbreviations: AP, A. pinnata; BS, B. subaristata; DH, D. hieronymi; PS, P.
stuckertii; EL, E. lugens; SP, S. pellitum; G, grazed, NG ungrazed.

the complex Acaulospora3 as A. excavata Ingleby &
Walker (C-11 LPS), A. gerdemannii Schenk & Nicol-
son (C-19 LPS), and A. scrobiculata Trappe (C-24
LPS); Entrophospora infrequens (Hall) Ames & Schnei-
der (C-25 LPS); A. laevis Gerd. & Trappe; sporarpic
complex Glomus spp.; Sclerocystis rubiformis Gerd. &
Trappe; G. intraradices Schenck & Smith; G. fuegian-
um (Speg.) Trappe & Gerd.; Glomus sp.3; G. dimor-
phicum Boyetchko & Tewari (C-21 LPS); Glomus sp7.;
Scutellospora biornata Spain, Sieverding & Toro and
Scutellospora sp.

Fungal spore density. Total number of spore ranged
between 8 to 4083 spores/100 soil mL (data not
shown cf Lugo 1999). A significant variation was ob-
served according to the seasons (K: 59.9849; P 5
0.000, Kruskal-Wallis one way analysis by ranks). In
general, higher values were found in autumn which
decreased in summer (FIG. 1). Most of the host spe-
cies showed similar patterns, and the metabolic types
and grazing did not affect the spore total number.

Specific spore density (density of each fungal spe-
cies) was illustrated in FIG. 2. There were significant
seasonal variations (Kruskal-Wallis one way analysis by

ranks) in Acaulospora excavata 1 A. gerdemannii 1
A. scrobiculata (K: 44.5574; P 5 0.000), A. mellea (K:
27.2219; P 5 0.000), sporocarpic complex Glomus
spp. (K: 71.4457; P 5 0.000), G. dimorphicum (K:
12.7736; P 5 0.0052), Sclerocystis rubiformis (K:
9.5248; P 5 0.0231), and Scutellospora biornata (K:
36.5315; P 5 0.000). A. excavata 1 A. gerdemannii 1
A. scrobiculata, A mellea and S. biornata had the high-
est density in spring while Glomus spp. and Sclerocystis
rubiformis in autumn. The remaining fungal species
were not influenced by seasons. Considering the host
metabolic type, some differences were found in G.
fuegianum-C3 plants (U: 21.9554; P 5 0.05) and Scu-
tellospora sp-C4 Poaceae (U: 22.4576; P 5 0.0140)
(Mann-Whitney U-test). Taking into account host spe-
cies only Glomus sp3 was assocciated with P. stuckertii
(K: 12.1719; P 5 0.0325). Grazing did not affect spe-
cific spore density.

Specific spore density differed when analyzing
each season separately. The host metabolic type and
host species, affected this variable in summer. A. ex-
cavata 1 A. gerdemannii 1 A. scrobiculata (U:
22.2131; P 5 0.0269), A. laevis (U: 22.04; P 5
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FIG. 2. Seasonality of spore specific density/100 ml of soil in different grazing conditions. Data are mean of three
replicates (sites 1, 2, 3). Abbreviations: C3, host metabolic type C3; C4, host metabolic type C4; A, complex Glomus spp.; B,
Glomus sp3; C, G. dimorphicum; D, G. fuegianum; E, G. intraradices; F, Sclerocystis rubiformis; G, Acaulospora laevis; H, A.
mellea; I, complex Acaulospora sp3; J, complex Acaulospora sp2; K, Entophospora infrequens; L, Scutellospora sp; M, S. biornata;
N, Glomus sp7.
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0.0414) and G. fuegianum (U: 22.0425; P 5 0.0411)
were found significantly associated to C3 hosts and
Scutellospora sp to C4 ones (U: 23.2953; P 5 0.010).
Using Kruskal-Wallis analysis when host species were
considered (FIG. 2), it was found that Scutellospora sp
was associated to E. lugens and S. pellitum (both C4

hosts) (K: 12.9540; P 5 0.0238); G. fuegianum to D.
hieronymi and P. stuckertii (K: 12.1475; P 5 0.0328),
and A. laevis to A. pinnata and P. stuckertii (K:
13.1938; P 5 0.0216) (both C3 plants). Grazing did
not affect specific spore density. In autumn, host spe-
cies did not influence specific spore density, but sig-
nificant differences were found in host metabolic
pathway and grazing (FIG. 2). In this season S. bior-
nata was associated to the rhizosphere of C4 grasses
(U: 22.3495; P 5 0.0188) and sporocarpic complex
Glomus spp. (U: 23.1641; P 5 0.0016), and A. mellea
showed positive variation regarding grazing (U:
23.3906; P 5 0.007). In winter, specific spore density
changed only under grazing conditions (G, NG): A.
laevis density was higher in G situations (U: 23.2382;
P 5 0.001) and Scutellospora sp density in the NG
ones (U: 22.0513; P 5 0.0402). However, the specific
spore density of some Glomales species was affected
by grazing in spring.

Fungal biodiversity. In general, the highest value of
biodiversity index (H) was found in wet seasons as
spring and summer. Significant differences in the H
index were only found in the rhizosphere of E. lugens
in winter and of A. pinnata in autumn between un-
grazed/grazed situations. The same pattern was ob-
served with the species richness (S) and evenness (E)
(data not shown).

DISCUSSION

Seasonal variation relative to spore density and its re-
lationship with host phenology and water availability
are well known (Ebbers et al 1987, Gemma et al 1989,
Allen 1991, Bentivenga and Hetrick 1992, Rosendahl
and Rosendahl 1992, Sanders and Fitter 1992b, Blasz-
kowski 1994, De Mars and Boerner 1995, Sigüenza et
al 1996, Wilson and Hartnett 1997) and they agree
with our results. The highest spore density was found
in the dry seasons (autumn and winter) coincident
with the lack of flowering and fruting, and the end
of the growth season. The opposite occurrence was
found in wet seasons (spring and summer).

Changes in seasonal spore density would define
three sporulation patterns in these arbuscular my-
corrhizal fungi: (i) in the first group fungi sporula-
tion appeared in autumn (sporocarpic complex Glo-
mus spp and Sclerocystis rubiformis); (ii) in the second
group in spring (A. mellea, A. excavata 1 A. gerde-

manni 1 A. scrobiculata, G. dimorphicum and Scutel-
lospora biornata), and (iii) in the third one the spor-
ulation occured throughout the year (the remaining
species). This phenomenon of AM fungal species
substitution or succession was reported by some au-
thors (Walker et al 1982, Gemma et al 1989, Allen
and Allen 1992, Koske and Gemma 1997). Likewise,
root colonization in this mountain grassland reflect-
ed this fact (Lugo 1999).

The spore total density records were higher than
those found by others authors (Walker et al 1982,
Anderson et al 1983, McGraw and Hendrix 1984, Dal-
pé et al 1986, Ebbers et al 1987, Gemma and Koske
1988, Gemma et al 1989, Blaszkowski 1994, Stürmer
and Beller 1994, Vestberg 1995, Bever et al 1996, Ko-
ske and Gemma 1997, Blaszkowski et al 1998). It is
reasonable to assume that these differences are main-
ly due to the different ecosystems studied.

Preferential density variation in Glomus sp3 associ-
ated to P. stuckertii, G. fuegianum to all C3 hosts and
Scutellospora sp to the C4 ones is in agreement with
AMF low physiological specificity or differential as-
sociation hypothesis (Hetrick et al 1990, Sanders and
Fitter 1992a, Hartnett et al 1993, Read 1998, van der
Heijden et al 1998). Also, root colonization was high-
er in C4 hosts (Lugo 1999) because they are obliga-
tory mycotroph plants (Hetrick et al 1988, 1990, Ben-
tivenga and Hetrick 1992, Wilson and Hartnett
1997). Further, when we analyzed total spore density
in each season we found that Gigasporaceae mem-
bers were preferentially associated to C4 host as seen
in the colonization morphology (Lugo 1999). Thus,
our current results evidence that the host-depen-
dence of fungi affects their population growth rates.
In addition, it must be emphasized the host influence
over the AMF species diversity (Bever et al 1996).

The 17 AM fungi taxa found in Pampa de Achala
plateau showed that the AMF richness was low resem-
bling the one present in temperate grasslands (Allen
et al 1995, Morton et al 1995). However, Bethlenfal-
vay and Dakessian (1984) reported that richness and
density decrease when the host is grazed, this fact was
only observed in Scutellospora sp whereas the oppo-
site was found in A. mellea, A. laevis and sporocarpic
complex Glomus spp. The fact that spore density was
higher under grazing than under no grazing condi-
tions in dry seasons, could be due to the low water
content in soil, and/or to grazing derived effects e.g.,
trampling, which could be considered as inhibitory
or triggering factors in AM fungi spore production.
This analysis is supported by the hypothesis that cer-
tain fungal species may be tolerant or not to grazing
(Gehring and Whitham 1994).

Eom et al (2001) reported the influence of grazing
over specific spore density, however our result
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showed that it was not modified. The fungal biodi-
versity was significantly higher only in ungrazed A.
pinnata and E. lugens hosts in autumn and winter,
respectively. This finding agreed with the result
found in tallgrass prairie above cited.

It must be taken into account that the lack of var-
iation in the total spore density and in fungal rich-
ness could be the consequence of the hosts selected
since all of them were dominant species within the
studied community. A further analysis, including rhi-
zospheric soil from dominant and less important
plants could paint a complete picture of the AMF
richness in the grassland studied.
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Québec. Can J Bot 64:912–917.

DeMars BG, Boerner REJ. 1995. Mycorrhizal dynamics of
three wooland herbs of contrasting phenology along
topographic gradients. Am J Bot 82:1426–1431.

Dı́az S, Acosta A, Cabido M. 1994. Grazing and the phe-
nology of flowering and fruiting in a montana grass-
land in Argentina: a niche approach. Oikos 70:287–
295.

Ebbers BE, Anderson RC, Liberta AE. 1987. Aspects of the
mycorrhizal ecology of prairie dropseed, Sporobolus
heterolepis (Poaceae). Am J Bot 74:564–573.

Eom A, Wilson GWT, Hartnett DC. 2001. Effects of ungulate
grazers on arbuscular mycorrhizal symbiosis and fungal
community structure in tallgrass praire. Mycologia 93:
233–242.

Frontier S, Pichod-Viale D. 1995. Écosystèmes. Structure,
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