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ABSTRACT

Koga, H., T. Tsukiboshi and T. Uematsu (1994) : Incidence of the Endophytic
Fungus, Acremonium uncinatum, in Meadow Fescue (Festuca pratensis)
Ecotypes in Hokkaido. Bull. Natl. Grassl. Res. Inst. 49 : 35~41

Intercellular hyphae were observed in the leaf sheaths of meadow fescue plants
from 7 of the 8 ecotype collections from Hokkaido. The hyphae were convoluted,
hyaline, with infrequent branches, and ran parallel to the vascular bundles. It was
confirmed using scanning electron microscopy that the hyphae in the leaf sheaths were
confined to the intercellular spaces. Colonies of the endophytic fungus grew very
slowly on PDA, 0.2-0.5mm/day at 25°C on PDA, with the optimum temperature for
growth being 25°C. The colonies were whitish to rosy buff, felted, forming aerial
hyphae from which numerous phialides arose. The phialides were straight or slightly
flexuous, 4-17um long, and 0.8-1.6xm wide gradually tapering to 0.6-0.9#m towards the
tips. Each phialide produced a single uncinate conidium 5-12um long and 1.0-1.6um
wide. The morphology of the phialides and conidia, and the appearance of the colonies
are identical to those described for Acremonium uncinatum in meadow fescue in Europe
and New Zealand. Accordingly the endophytic fungus in meadow fescue in Hokkaido
has been identified as Acremonium uncinatum Gams, Petrini et Schmidt.

Key words : endophyte, Acremonium uncinatum, meadow fescue (Festuca pratensis),
scanning electron microscopy (SEM)

INTRODUCTION

Meadow fescue (Festuca pratensis Huds.) has been reported as being the host of two endophytic fungi
(Gams et al. 1990), Acremonium uncinatum Gams, Petrini et Schmidt (Gams et al., 1990) and a Phialophora--
like species (Latch et al., 1984), although the latter was mistakenly listed as A. typhinum (Leuchtmann 1993).
Meadow fescue infected with A. uncinatum is known to contain loline alkaloids (Christensen et al., 1993)
which are toxic to several insect pests, particularly some species of aphids such as Rhopalosiphum padi L.
and Schizaphis graminum Rondai (Siegel et al., 1990). In vitro, the growth of Drechslera sorokiniana was
inhibited by the endophytes of meadow fescue (Schmidt 1990). The beneficial effects conferred by A.
uncinatum to meadow fescue plants make determination of its presence essential when plants are being
selected for use as forage grasses.

Nothing is known about the incidence of endophytes in meadow fescue in Japan, although meadow
fescue is an important pasture grass especially in Hokkaido. This paper describes the incidence, isolation

and identification of endophytic fungi in some ecotype collections of meadow fescue in Hokkaido. The



36 Bull. Natl. Grassl. Res. Inst. No. 49 (1994)

relationship between the hyphae of endophytic fungi and vegetative tissue of meadow fescue plants was
also confirmed using scanning electron microscopy (SEM).

MATERIALS AND METHODS

Eight ecotypes of meadow fescue {(Festuca pratensis) collected in Hokkaido by Dr. Ikegaya et al. (1988)
were used in this study. The collection sites are shown in Fig. 1. Seven of the ecotypes were derived
from seeds harvested at the collection sites in 1984-85 which were stored at 2-5°C and low humidity. The
ecotype collected at Niikappu was derived from seedlings collected in 1984 from which seeds were
harvested in 1986.

Seedlings from each of the eight ecotype seed collections were grown in a green house maintained at
20-25°C. Twenty plants from each ecotype collection were examined for the presence of intercellular
mycelium. Strips of epidermis pulled from the adaxial surface of the distal end of the leaf sheaths of the
tillers were mounted in lactophenol aniline blue on glass slides and examined using a light microscope.

The endophytic fungi were isolated from the leaf sheaths of the infected plants. Leaf sheaths were
immersed in 70% ethanol for 30 sec, soaked in chlorine bleach solution (1% available chroline) for 2-5 min,
and then washed in sterile water. After drying on sterile filter paper, the samples were cut into small
pieces and incubated on potato dextrose agar (PDA) containing 5ug/ml oxytetracycline in the dark at
25°C. Selected isolates were grown at 5, 10, 15, 20, 25 and 30 °C to determine the optimum temperature for
growth of this endophytic fungus.

The grass/fungus associations were examined by the method using SEM as reported by Koga et
al.(1993). Leaf sheaths of selected plants were fixed in 2.5% glutaraldehyde in 0.05 M cacodilate buffer pH
7.2 for 12 hr, and then post fixed by 1% OsO, for 2 hr. Fixed specimens were dehydrated using a graded
ethanol series, and the specimens in 100% ethanol were transferred to gelatin capsules and sealed.
Capsules were frozen in liquid nitrogen, and then split using a razor blade and hammer. The split pieces
were thawed in 100% ethanol. They were then transferred to isoamyl acetate. After critical point
drying, the specimens were coated with platinum and observed under the field emission scanning electron

Fig. 1. Collection sites of meadow fescue ecotypes in Hokkaido. 1. Asahikawa,
9. Kaminokuni, 3. Niikappu, 4. Nemuro, 5. Hidaka, 6. Takikawa I,
7. Takikawa I, 8. Urakawa
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microscope.

Conidia and phialides formed on in vitro were fixed with vapour of OsO, and were transferred into a
sealed copper container. The container was frozen in liquid nitrogen and then dried for three days under
vacuum (Nemoto and Miyazawa 1992). The specimens were coated with platinum in vacuum and
observed as previously described (Koga et al. 1993).

RESULTS AND DISCUSSION

Meadow fescue plants containing intercellular hyphae in their leaf sheaths were observed in seven of
the eight ecotype collections. The percentage of infected plants ranged from 80 to 100% (Table 1). The
hyphae, 0.9-1.7 zm in diameter, were hyaline, convoluted and infrequently branched, and ran parallel to the
vascular bundles (Fig. 2). SEM examination confirmed that all hyphae were contained in the intercellular
spaces (Fig. 3) as previously reported with the Acremonium endophytes in perennial ryegrass (Koga et al.
1993). No remarkable changes were observed in appearance of the host cells adjacent to the hyphae.

Ten or more days were required for the development of colonies from the pieces of leaf sheaths
incubated on PDA. The colonies were cottony and whitish to rosy buff in color. The colonies grew
slowly (0.2-0.5 mm/day), with maximum growth occurring at 25°C (Fig. 6). Numerous phialides arose on
the aerial mycelium. The phialides were straight or slightly flexuous, 4-17um long, and 0.8-1.6um wide
gradually tapering to 0.6-0.9um towards the tips. Each phialide produced a single uncinate non-septate
conidium 5-12gm in length and 1.0-1.6¢m wide (Fig. 4). Some conidia were observed to have germinated
in situ to produce a secondary phialide (Fig. 5).

The morphology of the phialides and conidia, and the appearance of the colonies isolated from
meadow fescue in Hokkaido are identical to those described for A. uncinatum from meadow fescue in
Europe and New Zealand (Gams et al., 1990 ; Christensen et al., 1993). Accordingly the endophytic fungus
in meadow fescue in Hokkaido has been identified as Acremonium uncinatum Gams, Petrini et Schmidt.
Christensen ef al. (1993) reported that there are two strains of A. uncinatum, distinguished by having
conidia that were typically either strongly curved or straight. However, all isolates in the present study
had conidia that were strongly curved.

Meadow fescue was first introduced into Japan from Europe about 100 years ago (Ehara, 1977).
Acremonium uncinatum has been reported in meadow fescue in Austria, France, the Federal Republic of
Germany, Italy and Switzerland (Gams et al., 1990), and thus it is likely that the meadow fescue plants
introduced to Japan contained this fungus. The reason why no endophytes were observed in the
ecotype collected at Urakawa is presumed that the endophytes in the seeds had died after the harvest.

Table 1. Incidence of endophytes in meadow fescue ecotypes collected in

Hokkaido
: : Number of Infection
Collection site observed plants percentage
Asahikawa 20 95
Kaminokuni 20 80
Niikappu 20 80
Nemuro 20 95
Hidaka 20 85
Takikawa 1 20 95
Takikawa II 20 100

Urakawa 20 0
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Fig. 6. Colonies of the endophyte isolated from a meadow fescue ecotype in Hokkaido, after 64 days
incubation on PDA at 16, 15, 20, 25, 30°C in the dark.

The Phialophora-like endophyte, readily identified in leaf sheaths as the hyphae are much branched and
ramify throughout the tissue, was not detected during the present study. This is in contrast to Europe
where the Phialophora-like endophyte is reported to be commonly found in meadow fescue (Gams et al.
1990).

The endophyte infected meadow fescue plants from Hokkaido were not colonized by R. padi aphids
(Kanda et al. 1993). This indicates that they contain loline alkaloids as reported in meadow fescue in
Europe and New Zealand (Schmidt et al. 1991 ; Christensen et al,, 1993). Many grasses infected with
Acremonium endophytes contain a number of alkaloids which are toxic to mammals, notably lolitrem B
and ergovaline (Siegel et al., 1990). However, these toxic alkaloids have not been detected in meadow
fescue plants containing A. uncinatum and there have been no reports of mammalian toxicity associated
with this pasture species (Christensen et al., 1993). The protection against insect pests provided by A.
uncinatum, and the absence of mammalian toxins, suggest that the meadow fescue plants containing this

endophytic fungus are beneficial to agronomic purposes.
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Fig. 2. Light microscopy of the endophyte hypha in the leaf sheath of the meadow fescue ecotype.

Fig.3. Scanning electron microscopy of the endophyte hypha (arrow) in the intercellular space of the leaf sheath of the
meadow fescue ecotype.

Fig. 4. A phialide (P) with attached conidium (C) on the colony isolated from the leaf sheaths of the meadow fescue
ecotype.

Fig. 5. A phialide with attached conidium producing a secondary phialide (SP) and conidium.
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critical reading of the manuscript.
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