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Abstract

We describe a simple technique for obtaining endophytic microorganisms from field-collected roots. Roots of plant species were

surfaced-sterilized, cut into pieces, and then each root piece was transferred to drops of Gel-Gro medium. The number of segments with

bacteria and fungi was quantified and those with bacteria and dark septate endophytic (DSE) fungi were plated onto tryptic soy agar

(TSA) and malt extract agar (MEA), respectively. When arbuscular mycorrhizal fungi (AMF) grew from root segments, they were

inoculated into Ri T-DNA-transformed carrot root cultures. Eight different species of bacteria and five dark septate endophytes were

isolated. Thirty AMF isolates were identified and continuous pure cultures established. This easy and inexpensive approach allowed us to

culture various endophytic microorganisms in an in vitro system saving time and space.

r 2007 Elsevier Ltd. All rights reserved.
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Root tissues form a morphologically, physically, and
chemically complex microcosm that provides habitats for
diverse communities of microorganisms (Sieber and
Grünig, 2006). Roots are colonized by bacteria, endophytic
fungi, and mycorrhizal fungi (Brundrett, 2006). Many
groups of such organisms are important as sources of novel
biologically active secondary metabolites and could be used
as microbial inoculants to improve plant growth and plant
health (Linderman, 1994; Adhikari et al., 2001; Schulz
et al., 2002; Mandyam and Jumpponen, 2005; Kloepper
and Ryu, 2006). The isolation procedure is a critical and
important step in obtaining these microorganisms.

In this paper, we propose a simple technique to obtain
root bacterial and fungal endophytes from field roots, with
special emphasis on how to acquire monoxenic cultures of
arbuscular mycorrhizal fungi (AMF).

The study area was located in a natural field near
Ciudad Universitaria (Buenos Aires, Argentina). The rhizo-
sphere had the following characteristics: pH 6.5 (1/1, soil/
water method), 34.9mg kg�1 P (NaHCO3-extractable),
e front matter r 2007 Elsevier Ltd. All rights reserved.
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127mgkg�1 N, and 23mgkg�1 K and consisted of sand
40.8%, silt 43%, clay 15.5%, and 1.1% organic matter.
The following plant species, Picris echioides, Sonchus

oleraceus, Bidens laevis, Solidago chilensis, Hypochoeris sp.,
Ricinus communis, Melilotus alba, Trifolium repens, Medi-

cago lupulina, Paspalum dilatatum, and Sorghum halepense

were collected and immediately processed. Root samples of
at least two individuals of each plant species were stained
with trypan blue solution according to the method of
Phillips and Hayman (1970), and the percentage of
mycorrhizal root length was calculated by the grid line
intersect method (Giovannetti and Mosse, 1980). Only
plant roots with high colonization were used. The
remaining roots were washed under tap water and adhered
particles of soil were removed using a fine paintbrush.
Healthy roots with visible intraradical structures, such as

vesicles (Fig. 1A), melanized septate hyphae and micro-
sclerotia (Fig. 1B), were selected with the aid of a
stereomicroscope, surface-sterilized under a laminar-flow
bench with 3% (v/v) NaOCl and Tween 80 (3 dropsml�1)
for 3min in Falcons tubes, rinsed three times with sterile
distilled water and cut into 3-mm pieces. Each root
fragment was transferred with sterile tweezers to a Petri
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Fig. 1. (A) Fragment of field-collected root of T. repens with vesicles and spores of AMF bar ¼ 100mm. (B) Microsclerotia and dark septate hyphae in a

field root segment of P. dilatatum. Bar ¼ 200mm. (C) Petri dish containing drops of Gel-Gro medium with incubated root segments. Bar ¼ 2 cm. (D) DSE

hyphae arising from root fragment of P. dilatatum. Bar ¼ 200mm. (E) AMF hyphae arising from cut end of root fragment of R. communis. Bar ¼ 200mm.

(F) Bacteria and AM hyphae (arrow) emerging from root fragment of S. chilensis. Bar ¼ 200mm. (G) Bacillus sp. growing along the AMF hyphae (arrow).

Bar ¼ 20 mm.
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dish (diameter, 15 cm) containing 35–40 drops of 0.35%
(w/v) Gel-Gros (ICN Biochemicals Aurora, OH, USA)
plus 0.03% MgSO4 (pH 6) (Fig. 1C). Root fragments were
incubated at 25 1C in the dark, and after 4 days, each
fragment was checked for microorganisms emerging from
cut ends using a binocular microscope (32� and 60�
magnification) (Fig. 1D–F). When re-growth took place,
root fragments with bacteria or dark septate endophytic
(DSE) fungi were planted in tryptic soy agar (TSA) or malt
extract agar (MEA), respectively. Root fragments with
AMF only (Fig. 1E) were inoculated in Ri T-DNA
transformed carrot root cultures (T-roots) and incubated
in an inverted position at 25 1C in the dark (Bécard and
Fortin, 1988; Declerck et al., 1998; Fortin et al., 2002).

Development of extraradical mycelia and spores of
AMF was monitored every week. As soon as the first
Table 1

Percentage values of mycorrhizal root length of plant species, incubated root fr

plus bacteria, root fragments with hyphal re-growth of AMF as the only end

different treatments of surface sterilization

Host Mycorrhizal root

length (%)

Root fragments with (%)

AMF and/or

other fungi

Bacteria

Sterilization treatment: 3% NaOCl

Picris echioides 74 28.4 11

Sonchus

oleraceus

85 39.6 13.8

Bidens laevis 52.6 15 27.7

Solidago

chilensis

79.3 13.4 31.3

Trifolium

repens

87.4 10.3 8.2

Medicago

lupulina

65.8 1.5 35

Melilotus alba 51 5.7 15.5

Ricinus

communis

76 7.6 47.2

Sorghum

halepense

61 3.5 22.8

Paspalum

dilatatum

59.5 13.4 19

Sterilization treatment: 3% NaOCl+antibiotic

Picris echioides 74 67.8 3.2

Hypochoeris sp. 75 46 2

Bidens laevis 65.4 30.3 0

Solidago

chilensis

65.5 75.2 0

Trifolium

repens

89 64 2.5

Medicago

lupulina

54.7 24.2 0.6

Melilotus alba 45.7 16 12

Ricinus

communis

68.5 39.5 0.5

Sorghum

halepense

47.8 40.7 0

Paspalum

dilatatum

50.9 84.9 0
spores were differentiated, they were transferred to fresh
T-roots for continuous culture.
A variation in this method allowed us to decrease the

bacterial contamination in both AMF and DSE isolations
(Table 1). The disinfected roots were submerged in a
solution of antibiotics (Streptomycin 200mg l�1, Ampicil-
lin 200mg l�1 and Tetracycline 100mg l�1) for 15min, and
then rinsed three times in sterile water. The Gel-Gro
medium was supplemented with the antibiotic solution
(1.25ml l�1) and used as above.
We found colonization by AMF and DSE in most

collected plant species (Table 1). Members of the Aster-
aceae and R. communis showed a higher percentage of
AMF colonization than grasses. Regrowth of AMF from
root segments of S. oleraceus, B. laevis, and R. communis

and emergence of numerous non-septated straight hyphae
agments with AMF and/or other fungi, bacteria, AMF and/or other fungi

ophyte, and number of isolates obtained in the in vitro system with two

Root fragments

with AM hyphal

regrowth (%)

No. of isolates

obtained in vitro

pure culturesAMF and/or

other

fungi+bacteria

43.3 6.2 3

36.2 24.2 4

10.9 0.5 1

26.8 1 0

6.2 0 0

3.6 0 0

61.5 0 0

15.5 1 1

61.4 0 0

66.4 1.6 0

9 20.8 0

2 10 0

1.2 9.2 6

3.7 3.8 0

3.8 0 0

0.6 9 6

10 6 2

1 9.1 6

0 0 0

6.4 0.5 1
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from the cut ends of root pieces were observed already after
one day of incubation (Fig. 1E). Root segments from
M. alba, M. lupulina, P. dilatatum and P. echioides

developed fewer hyphae after 3�4 days. No regrowth of
AMF from roots of T. repens and S. halepense was
observed. This finding shows that roots of different plant
species with the same origin not always generate a similar
number of fungal isolations and that not all root-inhabiting
AMF are easily established in monoxenic cultures (Dalpe
et al., 2005).

Since a high number of root segments with endophytic
bacteria were found using hypochlorite as the disinfectant
solution, we consider that this method is a powerful means
for the isolation of endophytic bacteria. Bacteria associated
with AMF mycelium from inside the roots of many host
plants species (Fig. 1F and G) were growing together after
the isolation; therefore, this system could allow us to study
the interactive relationships between both endophytic
microorganisms, where species interaction can be isolated
and controlled. For example, adding antibiotics, as it was
mentioned above, in the root disinfection process and the
Gel-Gro medium increased the number of root fragments
with AMF hyphae regrowth and other fungi, most likely
because of the antagonistic interactions between bacteria
and fungi (Krechel et al., 2002; Cao et al., 2005; Dalpe
et al., 2005).

Seven out of 11 collected plant species were useful to
obtain in vitro AM cultures. We obtained five Glomus

intraradices strains from S. oleraceus and R. communis, and
25 Glomus sp. from P. echioides, B. laevis, M. lupulina,
M. alba, R. communis and P. dilatatum, thus demonstrating
that intraradical structures of AMF in root pieces were
good inocula to establish monoxenic cultures. The AMF
completed their life cycle in the in vitro cultures and
maintained their viability.

Furthermore, we isolated DSE from roots of
P. dilatatum. Diversity studies based on sampling and
staining roots have shown that DSE are found in most
monocot species (Peterson et al., 2004; Weishampel and
Bedford, 2006).

The results presented above verify that the presence of
intraradical vesicles, melanized septate hyphae, and micro-
sclerotia facilitates the selection of colonized roots by AMF
and DSE (Diop et al., 1994; Klingner et al., 1995; Diop,
2003).

However, successful sterilization is critical, since it must
be sensitive enough to recover endophytes and to eliminate
organisms present in the rhizoplane (Hallmann et al.,
2006).

The methodology proposed is inexpensive and permits
sampling of many roots at the same time. Culturing
the root fragments in little drops of clear and colorless
gellan gum in a single Petri dish provides an easy non-
destructive way to observe endophytic microorganism
regrowth under a binocular microscope. Moreover, drops
act like a physical barrier for endophytic bacterial
and fungal growth, thus preventing cross-contamination.
The high-strength gel allows an optimal growth of
mycelium, and the adding of antibiotics permits the
obtention of a high number of monoxenic cultures.
Our method could be useful both to elucidate the

composition and ecology of different root endophytic
microorganisms, including AMF, and to use field-collected
roots as starter inocula for in vitro cultures of mycorrhizal
fungi and other microorganisms.
In addition, it overcomes many of the difficulties present

in the classical method of root-trap culture with model host
plants, because it reduces the time lapse required to obtain
monoxenic cultures. Another advantage over the classical
root-trap cultures is that the inoculum is originated from
the living intraradical mycelia, thus reflecting the diversity
of root-infecting AMF. Finally, however, we believe that
both methods are complementary for understanding fungal
endophytic diversity, because not all AMF species have the
capacity to complete their life cycle with success under
monoxenic conditions.

We thank the UBA, CONICET and ANCYPT for
financial support and R. Larry Peterson for his critical
review of this manuscript. Comments and suggestions of
two anonymous reviewers have greatly improved this
manuscript.
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