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Abstract Arbuscular mycorrhizal (AM) fungal spores were
isolated from field transplants and rhizosphere soil of
Hedera rhombea (Miq) Bean and Rubus parvifolius L.,
which form Paris-type and Arum-type AM, respectively.
DNA from the spore isolates was used to generate molecular
markers based on partial large subunit (LSU) ribosomal
RNA (rDNA) sequences to determine AM fungi colonizing
field-collected roots of the two plant species. Species that
were isolated as spores and identified morphologically and
molecularly were Gigaspora rosea and Scutellospora eryth-
ropa from H. rhombea, Acaulospora longula and Glomus
etunicatum from R. parvifolius, and Glomus claroideum
from both plants. The composition of the AM fungal com-
munities with respect to plant trap cultures was highly
divergent between plant species. Analysis of partial LSU
rDNA sequences amplified from field-collected roots of the
two plant species with PCR primers designed for the AM
fungi indicated that both plants were colonized by G. cla-
roideum, G. etunicatum, A. longula, and S. erythropa.
G. rosea was not detected in the field-collected roots of
either plant species. Four other AM fungal genotypes,

which were not isolated as spores in trap cultures from the
two plant species, were also found in the roots of both plant
species; two were closely related to Glomus intraradices
and Glomus clarum. One genotype, which was most closely
related to Glomus microaggregatum, was confined to R.
parvifolius, whereas an uncultured Glomeromycotan fungus
occurred only in roots of H. rhombea. S. erythropa was the
most dominant fungus found in the roots of H. rhombea.
The detection of the same AM fungal species in field-
collected roots of H. rhombea and R. parvifolius, which
form Paris- and Arum-type AM, respectively, shows that
AM morphology in these plants is strongly influenced by
the host plant genotypes as appears to be the case in many
plant species in natural ecosystems, although there are
preferential associations between the hosts and colonizing
AM fungi in this study.
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Introduction

Two distinct arbuscular mycorrhizal (AM) morphologies,
the Arum and Paris types, have been described on the basis
of the presence or absence of intercellular hyphal growth in
the root cortex (Gallaud 1905). The factors determining the
development of these two morphological types of AM have
remained largely unclear. In a survey of Arum- and Paris-
type distribution in a Japanese sand-dune ecosystem (Ahulu
et al. 2004), it was noted that the majority of pioneer plants,
consisting mainly of annual and perennial herbs, formed
Arum-type AM, whereas the majority of late succession
plants, mostly evergreen shrubs and trees, formed Paris-
type AM. Conversely, Yamato and Iwasaki (2002) in a
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study of AM morphology in some Japanese broad-leaved
forests found that the tendency to form Paris-type AM was
more prominent in herbaceous plants than in woody plants
and suggested that, from an ecological point of view, Paris-
type AM may be more advantageous for slow growing
herbaceous understory plants. In fact, Brundrett and
Kendrick (1990a,b) had previously suggested that slow
root growth coupled with long root life span and gradual
AM fungal colonization in Paris-type plants may be the
best growth strategy under the low-nutrient and high-stress
conditions that often prevail in natural ecosystems.

It is generally thought that host plant genotype influences
AM morphology because it has been shown that the same
AM fungus can form either Arum and Paris type depending
on the host plant species (Jacquelinet-Jeanmougin and
Gianinazzi-Pearson 1983; Bedini et al. 2000). However,
Cavagnaro et al. (2001) provided evidence that in tomato,
the colonizing fungus can also control AM morphology.
Kubota et al. (2004) reported that tomato and cucumber
grown in soil containing the same AM fungal inoculum
formed both morphologies, sometimes even in the same
root system, while Clethra barbinervis (Sieb. & Zucc.) only
harbored the Paris-type AM.

Although AM fungi show no clear specificity toward the
plants they colonize, there is evidence for preferential se-
lectivity between host plants and mycorrhizal fungal geno-
types in managed or natural ecosystems (Bever et al. 1996;
Helgason et al. 2002; Vandenkoornhuyse et al. 2002, 2003;
Johnson et al. 2003). However, this is not the rule in all
natural ecosystems (Rosendahl and Stukenbrock 2004;
Stukenbrock and Rosendahl 2005). Although spore diver-
sity data in soil have given useful information concerning
the effect of plant diversity on the AM fungal community
(Bever et al. 1996; Eom et al. 2000; Johnson et al. 2003;
Landis et al. 2004), it is becoming evident that there are
differences between AM fungi colonizing plant roots and
those found in soil (Clapp et al. 1995; Renker et al. 2005).
Molecular techniques bypass the difficulty of accurately
differentiating AM fungi to the species level from hyphal
morphology within roots, which is accentuated by the exis-
tence of AM fungi that do not stain at all within the
roots, or only very weakly using standard dyes (Morton
and Redecker 2001). Among the different molecular tech-
niques that have been used to determine AM fungal diversity
in plant roots, nested PCR based on the large subunit (LSU)
region of ribosomal RNA genes (rDNA) has been suc-
cessfully applied to the detection of distinct AM fungal
species colonizing plant roots in microcosm experiments
(van Tuinen et al. 1998; Jacquot et al. 2000; Kjoller and
Rosendahl 2001) and to study AM fungal diversity in roots
from the field (Jacquot-Plumey et al. 2001; Turnau et al.
2001; Gollotte et al. 2004; Rosendahl and Stukenbrock
2004; Stukenbrock and Rosendahl 2005).

The aim of the present study was to use molecular
analytical techniques to investigate the composition of AM
fungal communities in roots of two sand-dune plant species
that form morphologically different AM. Hedera rhombea
(Miq) Bean is an evergreen climber that forms Paris-type
AM, and Rubus parvifolius L. is a deciduous shrub that
forms Arum-type AM (Ahulu et al. 2004). AM fungi
trapped from the rhizosphere and field transplants of two
plant species were molecularly tracked directly in field-
collected roots by nested PCR.

Materials and methods

Study site

The experimental site was the coastal sand-dune ecosystem
located in the campus of Niigata University, which was
surveyed to determine the distribution of AM morpholog-
ical types (Ahulu et al. 2004). It is a mixed stand of
Japanese black pine (Pinus thunbergii Parl.), deciduous and
evergreen broad-leaved trees, as well as annual and
perennial herbs and grasses. The top 10 cm has the following
characteristics: sandy texture, pH (H2O) 5.9, and available P
content (0.002 N H2SO4 extractable) 40 μg P kg-1 soil
(Ahulu et al. 2004). Six random 5×5 m2 plots approxi-
mately 20 m from each other were set up within the site.

Isolation of AM fungal spores

Four replicate field plants of H. rhombea and R. parvifolius
were transplanted together with rhizosphere soil from each
of the six plots selected within the study site. Each plant
sample (shoot and roots together) was carefully excavated
to avoid detaching roots from the shoots. The plant and soil
trap cultures were used to trap and sporulate AM fungal
species associated with the two plant species.

Plant trap culture Replicate field plants of H. rhombea and
R. parvifolius collected in replicates were washed thor-
oughly to remove all soil and grown in 1-l-capacity pots of
sandy soil that had been sieved through a 2-mm mesh and
pasteurized twice at 80°C for 45 min.

Soil trap Rhizosphere soil collected from each replicate
plant sample of each species was separately sieved through
a 2-mm mesh. One-liter-capacity pots were each filled with
600 ml of twice-pasteurized (80°C for 45 min) sandy soil
followed by 200 ml sieved rhizosphere soil from each
replicate plant sample and finally with 200 ml of
pasteurized sandy soil before sowing with five white clover
(Trifolium resupinatum L.) seeds.
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A total of 24 pots per plant species per trap culture
method were kept in the greenhouse (14 h daylight and
temperature at 25 and 20°C day and night, respectively)
and watered daily with 50–100 ml tap water for 10 weeks.
At the end of the growth period, 200 ml aliquot soil
samples were taken from each replicate pot of the different
methods, and AM fungal spores were extracted by wet
sieving and sucrose centrifugation methods (Daniels and
Skipper 1982).

Morphological identification of AM fungal spores

Spore characteristics were distinguished using procedures
outlined by Morton (1998) based on morphological
characteristics of spore size, wall ornamentation, hyphal
attachment, spore wall structure, color and histochemical
reactions in PVLG and PVLG+Melzer’s reagent.

Multiplication and maintenance of AM fungal isolates

The fresh AM fungal spores recovered from the trap pots
and identified morphologically to genus level were used to
produce clean pot cultures as follows. One-liter-capacity
pots were filled with the sterilized sandy soil, and holes
3 cm deep and 3 cm wide were made in the center of each
pot. Using sterile Pasteur pipettes, 10–30 spores of each
isolated AM fungal type were placed in replicate pots, and
the holes were covered up before sowing three to five white
clover seeds over them. The pots were kept in the
greenhouse and watered daily for 12 weeks. At the end of
the growth period, 200-ml portions of soil from the trap
pots were assessed for AM fungal species purity following
the procedures outlined by Morton (1998) based on the
spore characteristics to check the uniformity of spores from
each pot. The fungal isolates were maintained on the living
white clover plants and kept in the greenhouse until
molecularly identified.

Field-collected roots

Root samples from three individual plants of H. rhombea
and R. parvifolius were collected in July 2004 from each of
the six randomly selected plots within the study site. Whole
plants with intact root systems were carefully excavated,
attached soil was shaken off gently, and roots from other
plant species were eliminated before washing thoroughly
with running tap water. Each root sample was divided into
two parts and 0.5 g per sample cleared in 10% KOH at
95°C for 1 h, acidified for 20 min in 2% HCl, and stained in
0.05% trypan blue (Phillips and Hayman 1970). Root
fragments were mounted on slides and examined micro-
scopically to determine AM morphology and frequency of
mycorrhiza in the root system (F%) using the method of

Trouvelot et al. (1986). The data obtained were analyzed
statistically by ANOVA followed by Bonferroni post-tests
to make comparisons between means after arcsine transfor-
mation using GraphPad Prism version 4.00 for Windows,
GraphPad Software (San Diego, CA, USA, http://www.
graphpad.com). The remaining roots were dried separately
at 50°C for 48 h and kept under airtight conditions until
used for molecular analysis of AM fungal diversity.

Extraction of DNA from spores and roots

For molecular identification of the AM fungi trapped and
maintained in pure culture on white clover, 10–50 identical
spores were placed individually in 0.5 ml Eppendorf tubes,
crushed with micropestles in 10 μl sterile distilled water,
and heated at 95°C for 5 min. The extracts were diluted and
used as DNA template for PCR. Similarly, DNA was
extracted from spores of a reference INVAM isolate of
Scutellospora erythropa (Koske & Walker) (MA453B).

To determine AM fungi colonizing field-collected roots,
1.0 g aliquots of dried samples were ground separately in
liquid nitrogen. Twenty-milligram samples were transferred
to 1.5 ml Eppendorf tubes, and activated charcoal was
added to darkly colored root samples before suspending in
1 ml of DNA extraction buffer [20% TE (10 mM Tris–HCl
pH 8, 1 mM EDTA), 80% (10 mM Tris–HCl), and 0.1 mM
EDTA]. This is a modification of DNA extraction method
described by van Tuinen et al. (1998). Activated charcoal
was added to eliminate the pigments from the root extracts,
which might be PCR-inhibiting polyphenolic compounds.
The suspension was boiled for 10 min and centrifuged at
11,000×g for 10 min. Supernatants were diluted 10 and 100
times with TE buffer for a first PCR.

PCR amplifications of a partial LSU rDNA region

The primer pair LR1 (5′-GCATATCAATAAGCGGAGGA-3′)
and FLR2 (5′-GTCGTTTAAAGCCATTACGT-3′) that is
specific for fungi in general (van Tuinen et al. 1998;
Trouvelot et al. 1999) was used for the first PCR
amplification of the 5′-end of LSU rDNA sequences from
spores, as described by Gollotte et al. (2004). PCR products
were separated in a 1.4% agarose gel in TAE buffer
(40 mM Tris, pH 7.8, 20 mM acetic acid, 2 mM EDTA),
and DNA was visualized under UV light after staining with
ethidium bromide (Sambrook et al. 1989) to confirm the
presence and the size of the expected DNA fragment. In the
case of the root samples, the first PCR products were
diluted 100 times and used as templates for a second PCR
with the primers LR1 (van Tuinen et al. 1998; Trouvelot
et al. 1999) and FLR4 (Gollotte et al. 2004) under the same
PCR conditions to increase the amount of DNA available
for cloning.
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Cloning and sequencing of PCR products

The PCR products generated from each AM fungus isolated
from the trap cultures were cloned separately into the PCR
4 Topo vector (Invitrogen) according to the manufacturers’
recommendations. PCR products obtained from pooled root
samples of each plant species were cloned separately. The
presence of cloned inserts was checked by PCR, directly on
the bacterial colonies diluted 100 times in water, using
primers T3 and T7, and rDNA clone libraries were
constructed for each AM fungal spore isolate and replicate
root sample. Recombinant plasmids from five and ten
bacterial colonies, respectively, from rDNA libraries for
AM fungal spore isolates and replicate root samples of each
plant species from the six plots were extracted and purified
using Nucleospin® Plasmid (Macherey-Nagel) following
the manufacturers’ recommendations. Each purified DNA
sample was sequenced on both strands at MWG Biotech,
Germany, for analysis.

Construction of phylogenetic trees

Insert sequences from plasmids were aligned with AM fungal
DNA database sequences over 400 bp using ClustalW 1.8.1
and optimized manually using Bioedit version 4.8.4 software
(North Carolina State University). Phylogenetic analyses
were performed with the neighbor-joining algorithm using
Mortierella polycephala Coem., Mortierella multidivaricata
RK Benj., and Dissophora decumbens Thaxter as out-group
species. Sequences from the AM fungal spore isolates and
field-collected roots have been deposited in EMBL under the
accession numbers AM040291–AM040435.

Statistics

The effect of location and trap culture method on
abundance of different AM fungi isolated from rhizosphere

Table 1 AM fungi isolated in rhizosphere soil and field transplants of
H. rhombea and R. parvifolius collected from the mixed pine forest on
Niigata University campus

Plant species Isolated in soil and plant trap cultures

Soil trap Plant trap

Rubusparvifolius Arum type Glomus sp. 3 Glomus sp. 3
Glomus sp. 4 Glomus sp. 4
Glomus sp. GE Glomus sp. GE
Acaulospora sp. Glomus-like sp. 6

Acaulospora sp.
Hedera rhombea Paris type Glomus sp. 1 Glomus sp. 1

Glomus sp. 2 Glomus sp. 2
Glomus-like sp. 5 Gigaspora sp.

Scutellospora sp.
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and field transplants of the two plant species was assessed
by two-way ANOVA, with the randomly selected plots and
trap culture methods as factors, which examined the
significance of interaction between the factors. Bonferroni’s
multiple comparison test with a 95% confidence interval
was then applied to make comparisons between means
using GraphPad Prism version 4.00 for Windows, Graph-
Pad Software (San Diego California USA, http://www.
graphpad.com).

The effect of location and host plant species on frequency
of occurrence of the different AM fungal genotypes in roots
of the host plant species was assessed by univariate ANOVA
following multivariate analysis of variance (MANOVA)
analysis. Statistical analyses were carried out with NCSS
and PASS software, Number Cruncher Statistical Systems
(J. Hintze, Kaysville, UT, USA. http://www.ncss.com). The
acceptable level of significance for this study was set at
P<0.05. LSD multiple range test was performed to test
significant differences among the means provided that the
previous ANOVA analysis gave a significant result. Both
Hotelling–Lawley Trace statistics and Wilks’ lambda

statistics were used to estimate the F ratio of the
MANOVA analysis (Jongman et al. 1987).

Results

Community differentiation and spore abundance of AM
fungi isolated in trap cultures

Five AM fungal spore types belonging to four described
AM fungal genera (Glomus, Acaulospora, Gigaspora, and
Scutellospora) were found in the soil and plant trap cultures
of the selected plant species (Table 1). Glomus species were
found in association with either plant species; however,
Gigasporaceae was found only in trap cultures of H. rhom-
bea, whereas Acaulosporaceae was limited to R. parvifo-
lius. Spore morphological characters used to identify the
isolates to genus level are shown in Table 2. The AM
fungal spore isolates were referred to at the generic level
until the molecular characterization was done due to the
inability to confirm their species identities using only

Fig. 1 Mean spore abundance
of AM fungal isolates per plot in
a plant trap and b soil trap
cultures from Hedera rhombea
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physical characteristics of the spores. All the isolates from
trap cultures of R. parvifolius and H. rhombea were suc-
cessfully multiplied and maintained on living white clover
plants except spores of Glomus-like sp. 5 (Tables 1 and 2)
isolated from soil trap culture of H. rhombea and Glomus-
like species 6 (Tables 1 and 2) obtained from plant trap
culture of R. parvifolius.

The composition of the AM fungal communities with
respect to plant trap cultures was highly divergent between
plant species, as revealed by the different spore types iso-
lated from the plant species (Tables 1 and 2). It was not
possible to statistically analyze the abundance of Scutello-
spora sp. and Gigaspora sp. on one hand and Glomus sp. 5
on the other hand, which were found only in the plant
trap and soil trap cultures of H. rhombea, respectively
(Fig. 1a,b). Similarly, the abundance of the undescribed
species 6 that sporulated only in the soil trap cultures of
R. parvifolius (Fig. 2b) could not be statistically analyzed.
Glomus sp. 1 sporulated most abundantly in both soil and
plant trap cultures of H. rhombea with significant differ-
ences in spore numbers between trap culture methods

(P<0.01) as well as plots (P<0.001) (Fig. 1 and Table 3).
Spore abundance of Glomus sp. 2 was significantly
different between trap methods (P<0.001) but not between
plots (Fig. 1 and Table 3). Spore numbers of Acaulospora
sp. and Glomus sp. 4 were significantly higher in soil trap
culture with R. parvifolius (P<0.01) but showed no
significant difference between plots for either trap method

Fig. 2 Mean spore abundance
of AM fungal isolates per plot in
a plant trap and b soil trap
cultures from Rubus parvifolius

Table 3 Analysis of variance of spore counts Hedera rhombea

Source df AM fungal isolates

Glomus sp. 1 Glomus sp. 2

Trap method 1 9.3** 32.4***
Plot 5 10.9*** 1.9 ns
Trap method × plot 5 3.4* 0.6 ns

This table presents the analyses of the rank of the spore counts for
common AM fungal species in the soil and plant trap cultures
of Hedera rhombea. F value is presented.
*P<0.05
**P<0.01
***P<0.001
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(P>0.1) (Fig. 2a,b and Table 4). Glomus sp. GE showed
high significant differences in spore abundance between
trap methods (P<0.01) and plots (P<0.01) alike (Fig. 2a,b
and Table 4).

Molecular identification of AM fungal spores isolated
in soil trap cultures

LSU rDNA sequences obtained from the AM fungal spore
isolates Glomus sp. 1 and 2 from H. rhombea and isolates
Glomus sp. 3 and 4 from R. parvifolius (Table 1) formed
three fairly distinct phylogenetic clusters (A, B, and C)
within the phylogenetic group formed by Glomus claroi-
deum (Schenck & Smith) and Glomus etunicatum (Becker
& Gerd.) (Fig. 3). For the isolates unique to R. parvifolius,
sequences from Glomus sp. GE matched most closely with
G. etunicatum, while those from the Acaulospora sp.
grouped with Acaulospora longula (Spain & Schenck)
(Fig. 3). For the Gigaspora and Scutellospora sp. recovered
only from the plant trap cultures of H. rhombea (Table 1),
sequences obtained from the Gigaspora sp. clustered with
database sequences of Gigaspora rosea (Nicol. & Schenck)
(Fig. 3), while spores of the Scutellospora sp. shared
morphological features with spores of S. erythropa (Koske
& Walker) (MA453B). Partial LSU rDNA sequences from
Scutellospora sp. and S. erythropa grouped together and
formed a distinct cluster with Scutellospora heterogama
(Nicol. & Gerd.) (Fig. 3).

Root colonization and AM morphology

Percent AM fungal colonization of roots of H. rhombea
(44.1±4.6) and R. parvifolius (59.6±5.8), collected from
the six randomly selected plots, was significantly different
(P<0.05). Hyphal coils characteristic of Paris-type AM

were observed within the root cortex of H. rhombea.
Extensive longitudinal intercellular hyphae, typical arbus-
cules, and many vesicles were apparent in the root cortex of
R. parvifolius, indicating an Arum-type AM.

Phylotyping of AM fungi in field-collected roots

Phylogenetic analysis of rDNA sequences from the selected
host plant species showed the presence of both culturable
and unculturable species of AM fungi belonging to the
genera Glomus, Acaulospora, and Scutellospora as well as
an unculturable Glomeromycetes that did not group with
any of the identified genera (Fig. 4). A total of 11 distinct
phylogenetic clusters were formed (Fig. 4). Only sequences
belonging to cluster D—Glomus microaggregatum 1 (most
closely related to G. microaggregatum in the databases) and
cluster J (an unculturable Glomeromycetes) were found to
be in separated R. parvifolius and H. rhombea, respectively
(Fig. 4). Clusters E, F, G, H, I, K, M, L, and N (Fig. 4)
consisted of sequences obtained from roots of both plant
species. With the exception of Gigaspora sp. isolated from
spores H. rhombea (Fig. 3), sequences from the isolated
AM fungal spores (Fig. 3) matched closely with sequences
originating from roots of the two plant species within
clusters I, K, M, L, and N which identified with S.
erythropa, A. longula, G. etunicatum, G. claroideum 1,
and G. claroideum 2, respectively (Fig. 4). On the other
hand, sequences from clusters E, F, H, and G obtained from
the roots of the two plant species showed close relation-
ships with AM fungal species G. microaggregatum,
Glomus intraradices, Glomus clarum, and an unculturable
Glomus sp., respectively (Fig. 4).

Effect of location and host plant species on frequency
of occurrence of different AM fungal genotypes
in the roots of the two cooccurring plant species

The frequencies of occurrence of different AM fungal
genotypes in roots of R. parvifolius and H. rhombea from
the field confirmed differences in community structure
depending on the location (Hotelling–Lawley Trace statistic
F55, 62=4.01, P<0.0001; Wilks’ lambda F55, 62=3.70,
P<0.0001) and host plant species (Hotelling–Lawley
Trace statistic F11, 14=83.6, P<0.0001; Wilks’ lambda
F11, 14=83.6, P<0.0001) (Table 5). Colonization of roots of
R. parvifolius by AM fungal genotypes, G. intraradices, G.
clarum, unculturable Glomus sp., and G. etunicatum,
clusters F, H, G, and M, respectively, was strongly affected
by location (Table 5 and Fig. 5a). Similarly, the frequency
of occurrence of genotypes, G. microaggregatum 1 and G.
claroideum 1, clusters D and L, respectively, in roots of R.
parvifolius was affected by location but only to a lower
extent (Table 5 and Fig. 5a).

Table 4 Analysis of variance of spore counts. Rubus parvifolius

Source df AM fungal isolates

Acaulospora
sp.

Glomus
sp. GE

Glomus
sp. 3

Glomus
sp. 4

Trap method 1 12.4** 8.9** 0.5 ns 9.4**
Plot 5 1.4 ns 4.5** 3.2* 2.2 ns
Trap method
× plot

5 2.1 ns 2.0 ns 1.4 ns 3.3*

This table presents the analyses of the rank of the spore counts for
common AM fungal species in the soil and plant trap cultures of
Rubus parvifolius. F value is presented.
*P<0.05
**P<0.01
***P<0.001
ns Not significant
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The host plant strongly affected the frequency of se-
quences identifying with G. intraradices, S. erythropa, and
G. claroideum 2 (clusters F, I, and L) (P<0.001) (Table 5,
Fig. 5a,b). Significant differences with respect to host plant
species were also observed in the frequency of sequences
from clusters H and N, closely related to G. clarum and G.
claroideum, respectively (P<0.01), and cluster G, an

unculturable Glomus sp. (P<0.05) found in the roots of
field-collected R. parvifolius and H. rhombea (Table 5,
Fig. 5a,b).

Generally, sequences belonging to phylogenetic clusters
D, F, and H corresponding to AM fungal species G.
microaggregatum 1, G. intraradices, and G. clarum,
respectively, occurred most frequently in the roots of R.

Fig. 3 Distribution of
sequences in phylogenetic
clusters present in the roots of
AM host plant species H.
rhombea and R. parvifolius
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parvifolius (Fig. 5a,b). In contrast, sequences of cluster I
most closely related to Scutellospora erythropa were
dominant in the roots of H. rhombea (Fig. 5a,b)

Discussions

The data obtained in the present work provide evidence that
under natural conditions, R. parvifolius and H. rhombea not
only accommodate the same AM fungal taxa in their root
systems but also show preferential association with differ-
ent taxa. A total of 11 different phylogenetic clusters of AM

fungi belonging to the genera Glomus, Acaulospora, and
Scutellospora as well as an unculturable Glomeromycotan
fungus were molecularly identified in the roots of the two
plant species. The species G. etunicatum, G. claroideum,
A. longula, and S. erythropa, also identified from spores in
trap cultures, and four unculturable Glomus phylotypes
were present in field-collected roots of both plant species.
G. claroideum was isolated from field transplants and
rhizosphere soil, with both plants showing that G. claroi-
deum is capable of colonizing the plant species for both the
Paris and Arum types. This shows that AM morphology
depends on the genotype of the host plants used in this

Fig. 4 Phylogenetic analysis to
check the origin of the
sequences obtained from
field-collected roots of Hedera
rhombea (Hedera) and Rubus
parvifolius (Rubus) (boldface) in
comparison to sequences
obtained from AM fungal spores
isolated from field plants and
rhizosphere soil of H. rhombea
and R. parvifolius (shaded) and
sequences of identified AM
fungi in the databases. Bootstrap
values were estimated from
100 replicates. Numbers in
parentheses indicate the experi-
mental plots and beside them are
the numbers of sequences of
each AM fungal genotype
obtained from the plot
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study rather than the colonizing fungi. On the other hand,
we also found significant differences in the composition of
AM fungal species associated with the two host plant species
R. parvifolius and H. rhombea, indicating that there is pref-

erential selectivity between colonizing fungi and hosts.
Because R. parvifolius and H. rhombea consistently form
the Arum- and Paris-type morphologies, respectively, under
natural growth conditions (Ahulu et al. 2004), these results

Table 5 The effect of the location and host plant species on frequency of occurrence of different AM fungal genotypes in roots of host plants

Factor Plot Host plant Interaction
(A) F5, 24 (B) F1, 24 (A×B) F5, 24

AM fungal genotype in phylogenetic clusters
Cluster D—G. microaggregatum 3.80* 255.36*** 3.80*
Cluster E—G. microaggregatum 0.80 ns 3.00 ns 1.60 ns
Cluster F—G. intraradices 7.27*** 29.40*** 5.56***
Cluster G—uncultured Glomus sp. 11.66*** 9.14** 1.26 ns
Cluster H—G. clarum 6.29*** 6.55* 2.51 ns
Cluster I—S. erythropa 4.16** 288.80*** 2.84*
Cluster J—uncultured Glomeromycetes 1.98 ns 32.11*** 1.98 ns
Cluster K—A. longula 1.78 ns 0.90 ns 0.18 ns
Cluster L—G. claroideum 1 2.97* 20.17*** 2.17 ns
Cluster M—G. etunicatum 6.97*** 1.50 ns 0.30 ns
Cluster N—G. claroideum 2 1.20 ns 4.50* 2.10 ns
Hotelling–Lawley Trace Plot (F55, 62) 4.01*** Host plant (F11, 14) 83.6***
Wilks’ lambda Plot (F55, 68) 3.70*** Host plant (F11, 14) 83.6***

F values from univariate F tests (df, numerator, residual df as denominator) following MANOVA are given. Statistical significance of results is
shown.
P=0.1
*P<0.05
**P<0.01
***P<0.001
ns Not significant

Fig. 5 Distribution of
sequences in phylogenetic clus-
ters present in the roots of AM
host plant species H. rhombea
and R. parvifolius. Sequence
numbers of different AM fungal
genotypes isolated in roots of
host plants Rubus parvifolius (a)
and Hedera rhombea (b) col-
lected from six randomly se-
lected plots within the study site
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reinforce the suggestion that AM morphology is highly
influenced by the genotype of the plants used in this study.

The majority of AM fungal spores which were trap-
cultured from H. rhombea and R. parvifolius were also
molecularly identified in field-collected roots of the two
plant species. However G. rosea, which was isolated from
plant trap cultures of H. rhombea, was absent from field-
collected root samples, while several AM fungal species,
which did not sporulate in trap cultures, were detected in
the field-collected roots of H. rhombea and R. parvifolius.
These observations underline the bias imposed by trap
culture techniques to identify root colonizers, and they
strengthen previous conclusions of differences between AM
fungal spores in soil and those actually within roots of
colonizing individual plant species (Clapp et al. 1995;
Kjoller and Rosendahl 2001; Renker et al. 2005). These
differences found in trap cultures of the host plant species
that form distinct AM morphologies further support the
existence of host-specific differences in plant response to
AM fungi and in fungal response to plants. Growth of AM
fungal species has been found to depend on the associated
host plant species (Johnson et al. 1992; Sanders and Fitter
1992; Eom et al. 2000). The relatively high diversity of
Glomus species in the field-collected roots of both H.
rhombea and R. parvifolius, as compared to the species of
Acaulosporaceae and Gigasporaceae, is similar to other data
on AM fungi naturally colonizing roots, as for example in
the case of Agrostis capillaris L. and Lolium perenne L.
in managed grassland (Vandenkoornhuyse et al. 2002;
Gollotte et al. 2004).

Differences observed in AM fungal communities in the
field-collected roots and trap cultures of the two host plant
species with respect to location are in agreement with
previous studies, which have reported variations in AM
fungal composition and diversity in different ecosystems
(Cuenca et al. 1998; Helgason et al. 2002). AM fungal taxa
have a specific multidimensional niche that is determined
by the plant species that are present at the site and by
edaphic factors such as pH, moisture content, and phos-
phorus (P) and nitrogen (N) availability. As a result, there is
a large between- and within-site variation in the composi-
tion of AM fungal taxa (Burrows and Pfleger 2002; Hart
and Klironomos 2002).

Phylogenetic analysis of the LSU rDNA sequences from
the AM fungal spores in this study clearly indicates
intraspecific variability as well as overlaps among se-
quences obtained from morphologically variable spore
isolates of G. claroideum from the two plant species. This
supports the results of spore morphological and molecular
analysis of isolates of G. etunicatum and G. claroideum
isolated in pure culture from around the world (Rodriguez
et al. 2005). The high levels of sequence diversity first
noted in isolates of G. claroideum and G. etunicatum

analyzed by multispore extractions have been confirmed by
single spore DNA analysis, further supporting reports of
high levels of polymorphisms present in the rRNA genes of
AM fungal spores (Sanders et al. 1995; Clapp et al. 1995;
Rodriguez et al. 2001). The results of the current study are
therefore not fully in agreement with the earlier studies,
which state that contamination of cultures such as several
AM fungi present together in supposedly single species pot
cultures on such high variability in sequences was obtained
from one fungus (Jansa et al. 2002; Schüßler et al. 2003).
However, that may explain the overlaps between sequences
from the different isolates of G. claroideum in this study,
which might be due to spore similarities, which make
accurate visual differentiation of AM fungal spores diffi-
cult. Regarding molecular identification of AM fungi in
field-collected roots, it is worth noting that a large degree of
molecular variability has been reported even within a single
individual AM fungus (a single spore), as discussed, for
example, by Kuhn et al. (2001) and Sanders (2004). This
makes it difficult to know if two or more different AM
fungal sequences obtained from a root system originate
from one, two, or several different AM fungal individuals.

In conclusion, although environmental biotic and abiotic
factors might influence AM morphology in the root and
even cause the formation of both Arum- and Paris-type AM
in the roots of an individual host plant species, the data
presented in this study indicate that under the natural
conditions, the host plant genotype is the crucial factor for
the plants studied. However, in spite of the occurrence of
the same AM fungal genotypes in either plant species,
preferential selectivity existed between species of family
Glomaceae and Arum-type R. parvifolius on one hand and
between S. erythropa belonging to the family Gigaspor-
aceae and Paris-type H. rhombea on the other hand. A
comparison of AM morphology of the plant species
H. rhombea and R. parvifolius inoculated under pure
culture conditions with the AM fungal species isolated in
this study and grown under different environmental
conditions may be helpful in the clarification of factors
that affect AM morphology.
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