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Abstract

The nature of plant-endophyte relationships may be affected by
the addition of interacting species. Firstly, we show how the root
hemiparasitic plant (Rhinanthus serotinus) can steal defending
mycotoxins produced by the symbiotic endophytic fungus
(Neotyphodium uncinatum) living within their shared host grass
(Lolium pratense). The uptake of defensive mycotoxins from the
endophyte infected host increases resistance of the hemiparasitic
plant to the aphid (Aulacorthum solani). Endophyte infection
increased performance of the hemiparasite but reduced the
growth of the host grass, changing the mutualistic endophytic
fungus to parasitic. Secondly, we present the interactions among
endophyte, host plant, aphid herbivore (Rhopalosiphum padi)
and aphid transmitted grass virus (BYDV). Endophyte infection
lowered the frequency of BYDV in L. pratense. The reproduction
of R. padi aphids was decreased on endophyte-infected plants
compared to uninfected. With these results we would like to
emphasise the importance of experiments with several community
members to shed light on the complexity of endophyte-mediated
community interactions.

Keywords: Lolium pratense, Neotyphodium uncinatum,
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Introduction

Experimental research on systemic fungal endophytes has mostly
focused on direct, pairwise interactions between host plant and
fungal endophytic symbiont, or tripartite interactions, including
herbivores (e.g. Clay 1988; Bacon 1993; Breen 1994; Saikkonen
et al. 1998). Species interactions in natural systems, however,
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Figure 1 Number of aphids (Aulacorthum solani) on

a hemiparasite (Rhinanthus serotinus) of grass host
(Lolium pratense) with (E+) and without (E-) infection by
Neotyphodium uncinatum. Data are back-transformed
estimates of least-squares means and 95% confidence
limits. *™* P<0.01. (Lehtonen et al. 2005a).
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are likely to be more complex. The nature of the plant-fungus
relationship varies from antagonistic to mutualistic, depending,
for example, on other community interactors and environmental
conditions (Saikkonen et al. 2004; Miller & Krauss 2005;
Lehtonen 2006).

Studies examining endophyte-mediated interactions have
concentrated on two widely used pasture and turf grasses, Lolium
arundinaceum and Lolium perenne. In the Nordic countries,
Lolium pratense is commonly used as a ley and pasture grass;
it also often occurs outside agronomic use in meadows and on
roadsides (Hédmet-Ahti et al. 1998) and is commonly infected
by an endophyte (Saikkonen et al. 2000). Endophyte-mediated
interactions in L. pratense are poorly known. Knowledge gained
from studies examining these interactions could be valuable from
both agronomic and ecological perspectives.

We present here two experiments performed on Lolium
pratense infected by Neotyphodium uncinatum. Firstly, we
studied endophyte-mediated effects on the interactions among L.
pratense, its hemiparasitic plant (greater yellow rattle Rhinanthus
serotinus) and the herbivore of the hemiparasite (foxglove aphid
Aulacorthum solani) (Lehtonen et al. 2005a). Secondly, we
examined the effects of endophyte infection on aphid transmitted
barley yellow dwarf virus (BYVD) infection frequencies
(Lehtonen et al. 2006).

Methods

Hemiparasite experiment
Inthe hemiparasite experiment, seeds of hemiparasitic R. serotinus
were collected from southwestern Finland during summers 2002-
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Figure 2 Biomass of a hemiparasitic plant (Rhinanthus
serotinus) parasitising endophyte-infected (E+) and
endophyte-free (E-) host grass. Data are back-transformed
estimates of least squares means and 95% confidence
limits. ** P<0.01. (Lehtonen et al. 2005a).
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Figure 3 Biomass of L. pratense with (E+) and without (E-
) infection by N. uncinatum and parasitism by R. serotinus.
Data are back-transformed estimates of least squares
means and 95% confidence limits.* P<0.05; ns - not
significant (Lehtonen et al. 2005a).

2003. The infection status of the experimental L. pratense plants
(commercial cultivar Kasper and pasture-collected unknown
ecotype) was confirmed by staining and microscope examination
of leaf samples. Two pots with hemiparasitic plants, one with
endophyte infected (E+) and one with endophyte-free (E-) host
grass, were placed within a plastic cylinder sealed with organza
(E+: n=41, E-: n=32). Then, four aphids were introduced into
the cylinders and allowed to reproduce on their preferred host
for 17 days. The experiment was set up as randomised design
with controls without aphids on hemiparasites and controls
without the parasitic plants (without aphids E+: n =21, E-: n =6;
without parasitic plants E+: n=60, E-: n=43). At harvest, aphids
were counted, roots cleaned and haustorial connections between
the hemiparasite and host grass were affirmed, number of grass
tillers and hemiparasite flowers were counted, and finally, plant
parts were dried (2 d, +50 °C) and weighed. To determine whether
alkaloids of endophyte origin are transferred from the shared host
grass to the hemiparasitic plant, we analysed the alkaloid content
from 11 samples (plant individuals) of uninfected L. pratense,
6 samples of R. serotinus grown with uninfected L. pratense,
30 samples of endophyte-infected L. pratense and 25 samples
of R. serotinus grown with endophyte-infected L. pratense.
Alkaloid extraction and analysis were carried out according to
Woldemichael and Wink (2002).

BYDYV experiment

In the virus experiment, we used mature L. pratense plants,
randomly chosen from an old pasture located in southwestern
Finland (Lehtonen et al. 2005b) and transplanted into a common
garden near to the pasture in August 2001. Plants were randomly
arranged in four blocks with seven endophyte-infected (E+)
and seven uninfected (E-) plants in each block. Samples were
taken from each plant and checked for the presence of BYDV
before beginning the experiment. Twenty-five Rhopalosiphum
padi aphids carrying BYDV were released into each block and
were left to reproduce for 2 months. The blocks were covered
with organdy cages (1.5 x 1.5 x 1 m [height]) to prevent viral
infections from spreading to neighbouring vegetation. The
soil was nutrient-rich and high in organic matter (manured the
previous spring). The plants were harvested in October 2001,

infections)

Figure 4 Effects of endophyte infection on BYDV
infection frequency (%) before the experiment (plants
naturally BYDV-infected in the field before transplantation)
and after the experiment in the common garden. E+:
endophyte-infected plants, E-: endophyte-free plants. *
P<0.05; ** P<0.01 (Lehtonen et al. 2006)

aphids were counted and samples for BYDYV analysis were taken.
Tillers were dried and weighed.

Results

Hemiparasite experiment

Endophyte-origin loline alkaloids were detected to be transferred
from the endophyte-infected L. pratense host to the R. serotinus
hemiparasite via root connections. The aphid 4. solani was
deterred by these alkaloids on R. serotinus (Fig. 1). Hemiparasites
grown on E+ hosts were bigger and produced more flowers than
hemiparasites on E- hosts (Fig. 2). This could be partly due to
reduced herbivory (although this was not statistically significant)
or to changes in E+ host nutrient metabolism (Lyons et al. 1990,
Malinowski & Belesky 1999), which would benefit the growth
of the hemiparasite. The growth of E+ host plants was reduced
in the presence of the hemiparasite as compared to parasitised
E- plants (Fig. 3). There was no difference between E+ and E- L.
pratense growth when these plants were not parasitised (Fig. 3).

BYDYV experiment

Endophyte infection appeared to protect L. pratense against
barley yellow dwarf virus. E+ L. pratense plants harboured
fewer viral infections than E- plants in both natural pasture
and common garden conditions (Fig. 4). The reproduction of
R. padi aphids decreased on endophyte-infected plants relative
to uninfected plants. We assume that the poor performance of
aphids on E+ plants is the main reason for the lower BYDV
infection frequency in E+ L. pratense, although a physiological
cause is also possible.

Discussion

The consequences of the addition of other interacting species
to purported mutualistic interactions are diverse and not easy
to predict. Our results and other recent studies with other types
of mutualists and antagonists (e.g. predators, herbivores and
pathogens) suggest that the direction and magnitude of pairwise
interactions may change with the addition of interacting species
(Wootton 1993; Gange et al. 2002; Saikkonen et al. 2004; Strauss
& Irwin 2004).
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The nature of the symbiosis between the endophyte and L.
pratense became clearly parasitic when the grass was parasitised
by the hemiparasitic Rhinanthus serotinus (Lehtonen et al.
2005a). In this study, endophyte infection of the host plant
increased the performance of the hemiparasitic plant, but
reduced the growth of the host grass. In environments where
these species co-occur, the costs of endophyte infection may thus
outweigh the benefits. Similar results have been found in other
recent studies using mycorrhizal fungi and hemiparasitic plants
(Press & Phoenix 2005). This was the first study to examine
effects of hemiparasitism in E+ grasses, and the first time that
endophyte-originated alkaloid transfer to another plant has been
demonstrated. Because endophyte-originated alkaloids have
been shown to deter a wide variety of vertebrate and invertebrate
herbivores (Siegel & Bush 1997), transferred alkaloids from
the host grass may affect many types of herbivores feeding on
the hemiparasites including the aphids that were deterred in
this study. A similar phenomenon of alkaloid transfer followed
by increased resistance has been reported, not only in other
hemiparasitic plants (Adler 2000; Adler et al. 2001), but also
in several adapted insects which circumvent plant defenses
and take advantage of the alkaloids for their own anti-predator
defense (e.g. Nishida 2002). Our results for the host-endophyte-
hemiparasite-herbivore interactions provide further evidence
on how the outcomes of endophyte-mediated interactions are
community dependent.

After the incorporation of a plant virus into the plant-
endophyte-herbivore system, another benefit of endophyte
infection was detected besides decreased reproduction of aphids.
E+ plants were infected by the aphid-transmitted plant virus
(BYDV) less frequently than E- L. pratense plants (Lehtonen et
al. 2006). Although potential disadvantages of viral infection on
plant performance were not addressed, it is possible that BYDV-
free plants show higher fitness (Catherall & Parry 1987; Clarke
& Eagling 1994; Hesse & Latch 1999). The results of these
N. uncinatum —mediated interactions in L. pratense may have
practical applications. The use of E+ L. pratense cultivars could
be beneficial because aphid populations are likely to decrease
in mature E+ L. pratense stands because of high resistance
resulting from the presence of endophyte-originated alkaloids
in the plants (Lehtonen 2006). Furthermore, E+ plants harbour
fewer BYD virus infections, and even if BYDV infects grasses
without causing any direct loss of their fitness, its presence in
the grass may serve as a reservoir for subsequent infection of
other agricultural crops. Thus, a low infection rate of BYDV in
E+ L. pratense may protect adjacent grasses (including more
susceptible cereals) from BYDV infections. The use of E+ L.
pratense as a biocontrol agent is a promising future application
in Nordic agriculture.
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