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Abstract Plant growth-promoting endophytic fungi
with gibberellin-producing ability were isolated
from the roots of Carex kobomugi Ohwi, a common
sand-dune plant, and bioassayed for plant growth-
promotion. A new strain, Arthrinium phaeospermum
KACC43901, promoted growth of waito-c rice and
Atriplex gemelinii. Analysis of its culture filtrate
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showed the presence of bioactive GA; (0.5 ng/ml),
GA; (8.8 ng/ml), GA4 (4.7 ng/ml) and GA; (2.2 ng/ml)
along with physiologically inactive GAs (0.4 ng/ml),
GAy (0.6 ng/ml), GA, (0.4 ng/ml), GA;5 (0.4 ng/ml),
GA9 (0.9 ng/ml) and GA,4 (1.8 ng/ml). The fungal
isolate was identified through sequence homology and
phylogenetic analysis of 18S rDNA (internal transcribed
region).
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Introduction

The internal tissues of apparently healthy roots host
a variety of fungi (Vandenkoornhuyse et al. 2002).
Fungal endophytes of these roots are a taxonomi-
cally diverse assemblage of ascomycetes inhabiting
herbaceous and woody plants without forming
mycorrhizal relationship or causing obvious disease
symptoms in their hosts (Addy et al. 2005). These
fungi can act as defenders against predators (Siegel
and Bush 1997), growth-promoters (Bacon and
White 2000) and competitors of microbial pathogens
(Scannerini et al. 2001). Plant growth-promotion
may be attributed to the secretion of gibberellins
(GA) by the endophytic fungi in the rhizosphere
(Choi et al. 2005). GA production had been reported
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in 12 different fungi (MacMillan 2002; Kawaide
2006). So far, there are no reports on GA production
by any Arthrinium spp. Members of genus Arthri-
nium exist in diverse environmental conditions and
can grow on a variety of substrates. Arthrinium
phaeospermum forms various associations with
healthy leaves, stems and roots of Arundo maurita-
nica, Bambusa spp., Brassica campestris, Carex
spp., and Pinus officinalis. Although not very
common, this fungus has world wide distribution
(Agut and Calvo 2004).

Coastal regions of the world offer high economic
returns and recreational opportunities and are sub-
jected to more anthropogenic activities. The sand
dunes in coastal areas are on verge of destruction
due to excessive loss of native species as the
efficiency of conservation and re-vegetation has
been slowed by intensive human activities (Girard
et al. 2002; Kim 2005). The sand-dune flora is
subjected to abiotic stresss such as nutrient defi-
ciency and high salinity. Under such adverse
conditions, the role of symbiotic fungi in native
plants growth and conservation cannot be over-
looked. In the current study, the roots of sand-dune
plants were screened for the presence of plant
growth-promoting endophytic fungi. We were inter-
ested to study the possible role of these fungal
symbionts in the survival of their host plants under
harsh environmental conditions.

Materials and methods

Host plant, fungal strains, culture medium and
growth conditions

Carex kobomugi Ohwi (Japanese sedge) was col-
lected from the eastern coast of Korea. The screening
and isolation of root endophytic fungi was carried out
on Hagem minimal medium plates supplemented
with 80 ppm streptomycin (Yamada et al. 2001).
Surface-sterilised roots were cut (0.5 cm) and placed
aseptically on plates containing Hagem minimal
media and incubated (25°C) until the emergence of
fungi (Vazquez et al. 2000). Purified fungi were
grown in Czapek broth medium containing 1%
glucose and peptone for GA production (Hasan
2002) at 30°C and 120 rpm for 7 days. Wild type
Gibberella fujikuroi was used as control.
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Screening and bioassay of fungal culture filtrates
for plant growth-promoting activity

Surface-sterilized and uniconazol-treated (20 ppm)
waito-c seeds were germinated on water/agar media
(0.8% wiv), aseptically. Waito-c is a dwarf and GA-
deficient rice cultivar. Ten pl of fungal culture filtrate
suspension (30 ml of lyophilised culture filtrate
suspended in 1 ml of autoclaved distilled water)
were applied on apical meristems of two-leaved rice
seedlings, and incubated for 7 days in a plant growth
chamber. Shoot and whole seedling lengths were
noted and compared with controls (G. fujikuroi
culture filtrate and distilled water treated). The
culture filtrate of the fungal isolate giving the best
shoot elongation in the rice seedlings was bioas-
sayed on two-leaved seedlings of a sand-dune plant,
Atriplex gemelinii, as mentioned above.

Gibberellins extraction and quantification

Gibberellins were extracted from 30 ml culture
filtrate of the fungal isolate CK-2-2 (Lee et al.
1998) and quantified by GC/MS in selected ion
monitoring (SIM) mode. Retention time was deter-
mined by using the hydrocarbon standards to
calculate the Kovats retention indices (KRI) value
(Gaskin and MacMillan 1991), while the GAs
quantification was based on peak area ratios of non-
deuterated (extracted) GAs to deuterated (added
internal standards) GAs.

Genomic DNA isolation and sequencing

Genomic DNA was isolated (see supplementary
information) and its purity and quality checked by
agarose gel electrophoresis. For identification, uni-
versal primers for 18S rDNA internal transcribed
region (ITS) 1 and 4 were used, and the resultant PCR
product was cloned and sequenced.

Phylogenetic analysis

The sequenced ITS region of the fungal isolate CK-2-
2 was searched for homologous sequences using
BLAST. All sequences were aligned using ClustalW.
Neighbour joining tree with bootstrap consensus (500
replications) for the statistical support of tree nodes
was constructed using MEGA 4 (Tamura et al. 2007).
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Results and discussion

Screening and bioassay of isolated fungal culture
filtrates for plant growth promoting activity

Two-leaved waito-c rice seedlings were used for
preliminary screening experiment of fungal second-
ary metabolites. Since uniconazol blocks gibberellin
synthesis during seed germination and the rice
cultivar itself is a low GA producer, shoot elongation
of seedlings is associated with fungal metabolite
activity. Nine endophytic fungi were isolated from
the roots of Carex kobomugi Ohwi. Five fungal
isolates promoted shoot elongation compared to
controls after 7 days (Fig. 1). Of these, the fungal
isolate CK-2-2 gave maximum lengths and was thus
selected for further study.

Plant growth-promoting activity of culture filtrate
(CK-2-2) was verified by conducting a bioassay on
two-leaved seedlings of the sand dune plant Atriplex
gemelinii. The average shoot length affected by the
culture filtrates of the fungal isolate CK-2-2 was
3.2 cm, while that by the culture (filtrates of
G. fujikuroi was 3.1 cm. Both treatments gave
increased lengths as compared to non-culture filtrate
treated seedlings (2 cm) after 15 days. Since the
fungal isolate CK-2-2 was isolated from a sand-dune
plant, the effect of its culture filtrate metabolites was
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Fig. 1 Effect of fungal culture filtrates (10 pl) on the length of
waito-c rice seedlings after 7 days of incubation. Each sample
was assayed in triplicate. Results are expressed as means (bars)
with SD (error bar). Whole plant lengths as well as shoot
lengths were measured after 7 days of treatment. The culture
filtrate treated seedlings showed increased shoot and whole
plant lengths. The highest length (shoot/plant) was induced by
CK-2-2 (8.5 cm/20.4 cm) which was approximately similar to
length (shoot/plant) shown by G. fujikuroi (8.7 cm/19.1 cm).
The non-culture filtrate treated seedlings showed much lower
length as seen in the figure

analyzed on Atriplex gemelinii, a native dune plant.
This plant was chosen for bioassay due to the absence
of seed dormancy and rapid germination rate of seeds
(Kunkel 1984). The growth rate of A. gemelinii
seedling was much slower than that of the rice
seedlings, as A. gemelinii is a slow growing plant
(0.5 m annually). Current results confirm previous
reports of shoot length promotion through fungal
culture filtrate treatment (Choi et al. 2005). For both
bioassay experiments nutrient free water—agar media
were used which is needed for the determination of
the sole effect of culture filtrate on seedlings growth.

Gibberellins quantification

Physiologically active GAs along with GAs, GA,
GA5, GA5, GAj9 and GA,; were detected by
GC-MS SIM. Quantities of GAz, GA4 and GA; were
more than those produced by G. fujikuroi under the
same growth conditions (Fig. 2). GC-MS SIM spectra
for bioactive GAs are given in supplementary Figs. 1,
2, 3 and 4.

Detection of higher quantities of GA;, GA,4 and
GA; in culture filtrates of fungal isolate CK-2-2 as
compared to G. fujikuroi exerted no better elongation
effect on shoot and whole length of seedlings. This
might be due to the presence of some growth
suppressors in the culture filtrate of CK-2-2.
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Fig. 2 Concentrations of the CK-2-2 fungal isolate GAs
against G. fujikuroi. Of the 4 bioactive GAs, only GA| was
produced in lower concentration (0.5 ng/ml) by CK-2-2 than
by G. fujikuroi (1.3 ng/ml), while the non-bioactive GAs were
produced in approximately equal concentrations except GAjy
(1.8 ng/ml), which was almost twice the concentration of GA,4
by G. fujikuroi (0.7 ng/ml)
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Identification and phylogenetic analysis

The analysis of sequence homology report through
BLAST and neighbour joining tree construction from
aligned data identified the fungal isolate CK-2-2 as a
new strain of A. phaeospermum (99% sequence
homology of ITS regions and 100% bootstrap sup-
port) (Fig. 3). The ITS sequence of this strain has
been submitted in GenBank database under accession
number EU821332. The fungal strain was deposited
in Korean Agricultural Culture Collection, and was
named as A. phaeospermum KACC 43901. For fungal
identification, ITS region sequencing has gained
importance in a short time, because of the presence
of highly conserved 5.8S gene that helps in the
identification of higher taxonomic level, as well as
the presence of highly variable flanking genes (ITS1
and 4) useful for the identification at a lower
taxonomic level (Sugita and Nishikawa 2003).
Neighbour-joining construction is a rapid method of
relating query sequence with homologous sequences
while bootstrapping provides the necessary statistical
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Fig. 3 Identification of fungal isolate CK-2-2 by phylogenetic
analysis. Neighbour joining tree (1000 bootstrap replications)
was constructed using 17 taxa (16 refrence sequences and
1 clone). Bootstrap support of 100 for subclade of CK-2-2 with
A. phaeospermum (99% sequence homology) strongly suggest
this fungal isolate as a new strain of A. phaeospermum
(A. phaeospermum KACC43901). The tree was drawn to scale
(0.02) that represents evolutionary distances in units of base
substitutions per site, computed by maximum composite
likelihood method. Bootstrap values less than 50 are not
shown. Gaps are treated as missing data and eliminated from
dataset during tree construction
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analysis to overcome possibilities of errors in
identification (Yang and Khuri 2003).

The current research project was carried out to
isolate competent fungi from sand dunes which could
be used for dune re-vegetation. We conducted exper-
iments with waito-c rice and Atriplex gemelinii
seedlings in plant growth chambers and obtained
growth promotion influenced by the presence of
gibberellins in the fungal culture filtrate. The genus
Arthrinium has never been reported for the production
of gibberellins before and the current study reports
about GA production in Arthrinium phaeospermum
for the first time. Further study on the characterisation
of gene cluster coding for gibberellins and the
development of optimised gibberellins producing
media for A. phaeospermum KACC43901 is needed.
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