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A method to obtain monosporic cultures of arbuscular mycorrhizal fungi
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Abstract

We describe here a simple technique for obtaining monosporic cultures of AM fungi. Gigaspora rosea, Gi. sp., Glomus mosseae and G. sp.
were used. One surface-sterilized spore was transferred to a 5-cm diameter Petri dish with 10 ml of 10 mM MES buffer, plus 0.04 g of Gel-
Gro. The contents of a vermiculite—perlite (1/1, v/v) dish with 2-week-old clover seedlings were transferred onto the Gel-Gro medium with
the germinated spore. All plants inoculated with single germinated spores developed mycorrhizas. With this system, non-destructive
observation of development of hyphae, formation of fan-like structures, hyphal contact and penetration of AM fungi into the plant root
was possible. © 2001 Elsevier Science Ltd. All rights reserved.
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Arbuscular mycorrhizas (AM), the most widespread
symbioses on earth, are receiving attention because of the
increasing range of their application in sustainable agricul-
ture and ecosystem management (Bethelenfalvay and
Schuepp, 1994). Since AM fungi are obligate symbionts
most experiments have been done by using pot culture
inoculum derived from surface-disinfected spores of a
single AM fungus on a host plant grown in a sterilized
medium. However, since many pot cultures of AM fungi
have been generated from multiple spores, they may contain
more than one strain of fungus. Single spore culture isolates
of AM fungi can be a valuable resource, not only for plant
growth experiments, but also for taxonomic and biochem-
ical studies. Several techniques for establishing single spore
isolate used germinated and ungerminated spores (Hepper,
1984; Brundrett and Juniper, 1995). However, these techni-
ques did not allow the observation of development of
hyphae, formation of a fan-like structure, hyphal contact
and penetration of AM fungi into the plant root, establishing
that the plant had became colonised. New approaches to the
study of the biology of AM fungi have also been developed
involving growing these fungi in Ri T-DNA transformed
roots cultures in which some AM fungus species develop
profusely and form viable spores (Becard and Piche, 1990).
Transformed roots were obtained by inoculation with Agro-
bacterium rhizogenes carrying the Ri T-plasmid. However,
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these techniques are labour consuming, are limited to few
AM fungus species, and tend to have a low rate of success.

We describe here a simple technique for obtaining mono-
sporic cultures of AM fungi that allows non-destructive
observation of penetration of plant roots by the mycelia
produced by one single spore.

Plant seedlings were grown in 5-cm diameter Petri dishes
with 10 ml of autoclaved (120°C, 20 min) vermiculite—
perlite mixture (1/1, v/v). The vermiculite and perlite were
previously sieved through 500 wm mesh. Clover (Trifolium
repens), known to be good host for AM fungi, was used as a
test plant. Seeds were surface-sterilised with 10% sodium
hypochlorite for 2 min and 30 seeds were sown on each
vermiculite:perlite Petri dish. Plants were grown in a cham-
ber with Sylvania incandescent and cool-white lamp 400—
700 nm, with a 16/8 h day/dark cycle at 25/19°C and 50%
relative humidity. Plants were regularly watered and fed
with 1 ml of a diluted (1/2) Long-Ashton nutrient solution
(Hewitt, 1952).

AM spores were isolated by the wet sieving (700, 250,
100 and 50 wm meshes) and decanting technique (Gerde-
mann, 1955). The clamydospores of Glomus mosseae (Frac-
chia et al., 1998), and Glomus sp. that had chlamidospores
which were morphologically different from Glomus
mosseae, and the azygospores of Gigaspora sp. were
isolated from soil of the Ciudad Universitaria farm (Buenos
Aires, Argentina). The soil (pH 6.5, 1/1, soil/water method)
contained (mg kgfl): 34.9 P (NaHCOs-extractable), 127 N,
and 23 K, and consisted of (%): sand, 40.8; silt, 43; clay,
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Fig. 1. Vermiculite—perlite in dish (1) with 2-week-old clover seedlings (2) upon Gel-Gro medium (3) with one germinated spore (4).

15.5 and 1.1 organic matter. Trifolium repens, Shorgum
halepensis and Wedelia glauca were the most common
native plants of this soil. The azygospores of Gigaspora
rosea were obtained from the Banque Européenne des
Glomales (BEG no. 9). All spores were surface sterilized
with 50 ml of sterile water plus 1 g of chloramine T together
with 20 g of streptomycin and a trace of surfactant (Mosse,
1962). The spores were rinsed with sterile water. One
surface-sterilized spore was transferred with a sterilized
Pasteur capillary pipette to a 5-cm diameter Petri dish
with 10 ml of 10 mM 2-(N-morpholin) ethane sulphonic
acid (MES) buffer (pH7) plus 0.04 g of Gel-Gro (ICN
Biochemicals, Aurora, OH, USA). There were 25 replicates
each per AM strain. Petri dishes were incubated at 25°C for
8 days and spore germination and hyphal development were
observed under a binocular microscope. Petri dishes
contaminated with other microorganisms were discarded.
Ten Petri dishes with hyphal length about 5 mm for Glomus
or 2 cm for Gigaspora strains were selected. The contents of
a vermiculite—perlite dish with 2-week-old clover seedlings
were transferred onto the Gel-Gro medium with the germi-
nated spore (Fig. 1). There were controls without spores.
The hyphal development was observed every 2 days through
the bottom of the Petri dish under the binocular microscope.
After 3 weeks of growth in the chamber, the content of one
dish was put into one pot. There were 10 replicate pots for
controls and for each AM fungal species. The pots contained
500 ml of soil that was steamed at 100°C three times at 24 h
intervals and mixed (1/1, v/v) with sterilized (120°C,
20 min) quartz sand. The soil from Ciudad Universitaria
farm was the same as described before. Plants were watered
from below and fed with a Long-Ashton nutrient solution at
10 ml per week (Hewitt, 1952). After 4 and 8 weeks plants

were harvested, the roots in the 10 replicate pots were
cleared and stained (Phillips and Hayman, 1970), and the
percentage of root length colonisation was assessed by the
grid line intersect method (Giovannetti and Mosse, 1980).
The means were compared using standard errors of means.

Germination of Gi. rosea and Gi sp. were observed after
2 days of inoculation and hyphal length reached 15-20 mm
after 3—4 days. G. mosseae and G. sp. germinated after 4—
5 days and the hyphal length was near 5 mm after 7—8 days.
When the Gel-Gro with the germinated spores was in
contact with the clover roots, a fan like structure of the
hyphae was observed after 10 days for Glomus and after 7
days for Gigaspora. At this time, hyphal contact with the
plant root was observed (Fig. 2).

No root colonization of control plants in Petri dishes with
vermiculite and Gel-gro but without spores was observed.
All plants inoculated with single germinating spores devel-
oped mycorrhizas. After 4 weeks of growth in soil pots,
roots of clover plants reached colonization values of
22+3, 204, 17£3 and 16 = 4% (mean * standard
error, n = 10) when inoculated with Gi rosea, Gi. sp., G.
mosseae and Glomus sp., respectively. After 8 weeks, clover
plants had 50 = 6, 52 = 8, 48 = 4 and 45 = 7% (mean *
standard error, n = 10) of root colonised by Gi rosea, Gi.
sp., G. mosseae and Glomus sp., respectively. After 4 and 8
weeks of growth, control plants had no root colonization.

This method permits the making of a monosporic culture
of AM fungi with a high percentage of success. The visc-
osity of the Gel-Gro allowed optimal spore germination and
contact of the spores with the plant root. With this system
the observation of development of hyphae, formation of a
fan-like structure, hyphal contact and penetration of AM
fungi into the plant root was possible. This monoxenic
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Fig. 2. Fan-like structure of hypha (F) of Gigaspora rosea (E) in contact
with clover roots (R). Scale bar represents 150 pm.

culture technique developed could be useful for studying
preinfection stages, since the plants could be examined
frequently under low magnification and the growth of the
fungus in the rhizosphere observed. Material for a fine struc-
ture study on the early stages of infection could be obtained
in this way since the time of formation of any particular
entry point can be established fairly accurately. These
observations also allow one to establish that the test plant
became colonised with a high probability of success. Since a
single spore can successfully infect a plant, this provides a
way of starting a pure line of an AM fungus by transplanting
the infected seedling to a soil and allowing new spores to
form (Menge, 1984). In this way intraspecific variation in

the fungus can be studied, and this would provide a valuable
technique for taxonomic studies.
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