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Abstract
Perennial ryegrass (Lolium perenne L.) and tall fescue (Festuca 
arundinacea Schreb.) are two of the most productive pasture 
species grown to feed livestock in Australia. The larvae of 
redheaded (RHC) (Adoryphorus couloni Burmiester) and 
blackheaded (BHC) (Accrosidius tasmaniae Hope) cockchafer 
cause significant damage to these pastures in Australia. If 
alkaloids produced by endophyte associations could reduce this 
impact, economic gains would be made. A pot experiment and 
then a proof of concept seed feeding experiment were undertaken 
to test the resistance of perennial ryegrass and tall fescue to 
cockchafer larvae. The objective was to allow larvae to feed on 
endophyte infected plants, assuming insecticidal alkaloids would 
be produced and on nil endophyte plants as controls. The plants in 
the pot experiment were tested for presence or absence of alkaloid 
endophyte but not for concentration or location in plant parts prior 
to larvae being introduced. In the seed feeding experiment seed 
fed to larvae was tested for all known alkaloid concentrations and 
profiles. The weight difference and mortality of third instar larvae 
and weight difference of plant root and shoot were measured in 
the pot experiment. The weight difference and mortality of the 
third instar larvae and the number and weight of seeds consumed 
were measured in the seed feeding experiment. There was no 
significant effect of endophyte treatments on the cockchafer 
weight change or mortality in either the perennial ryegrass or tall 
fescue pot or seed feeding experiments. There was a significant 
difference between cockchafer species (P<0.001) with the larger 
redheaded larvae consuming more than the blackheaded larvae. 
It is concluded in both experiments that red and blackheaded 
cockchafers are not sensitive to endophyte in perennial ryegrass 
and tall fescue. Endophyte infection can be harmful to livestock 
and manipulation in plant cultivars can provide insect resistance 
and drought tolerance which is still a valuable attribute in all 
areas where cockchafers are not a problem. However, even when 
cockchafers damage plants, endophyte infection may enhance 
the ability of these cultivars to recover.
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Introduction
Red (RHC) and blackheaded (BHC) cockchafers can cause 
considerable damage to both seedling, and mature, ryegrass and 
tall fescue plants in Australia, the former by harvesting the roots 
and the latter the shoots. Endophyte associations with grasses 
are known to enhance pasture establishment, productivity and 
persistence. However there are issues of animal health problems, 
particularly ryegrass staggers and fescue toxicosis attributed to 
toxins in wild type endophytes. The introduction of novel or safe 
endophyte associations, along with endophyte-free (Nil) will 
provide valuable safe grazing options. New Zealand has relied on 
a strong Australian demand for forage seed, and the importance 
of this work to Australian farmers was the reason for undertaking 
extensive and thorough experiments with both plants and seed 
to determine if any deterrent effect from alkaloids produced by 
endophytes could be detected.

Concentration of endophyte mycelia is highest in the tillers at 
the base of the plant and in the seed. Ergovaline levels in wild-
type infected plants are lower in the winter in samples taken from 
perennial ryegrass pastures in Australia and New Zealand and 
peramine levels highest in summer and autumn (Woodburn et 
al. 1993). Pasture cultivars of perennial ryegrass and tall fescue 
are available without endophyte and in the areas where there 
is little risk of drought and minimal insect pressure these are a  
viable option.

The presence of novel endophytes in perennial ryegrass and tall 
fescue has been shown to deter several insect species (Ball et al. 
1994; Ball et al. 1997; Popay 1997; Popay & Wyatt 1995; Rowan 
& Gaynor 1986). In other insect species, including Scarabaeidae, 
effects have been shown on larval weight, feeding and mortality 
with endophyte-infected perennial ryegrass and tall fescue 
(Prestidge & Ball 1993; West & Gwinn 1993) but no information 
is available for cockchafers.

The aim of these experiments was to determine if there were 
measurable effects of novel or wild-type endophyte infected 
ryegrass and tall fescue on RHC and BHC larvae. By measuring 
weight change of larvae and final weight of plants and plant parts 
after feeding, deterrence or toxicity to the insect in relation to the 
plants consumed could be determined. In addition, because there 
are high concentrations of alkaloids produced by endophytes in 
seed, the consumption of seed containing various endophytes 
was also investigated.

Methods
Pot experiments
To test if wild-type or novel endophytes deterred pasture 
cockchafers a pot experiment was established in the autumn of 
2003. The endophyte treatments used in perennial ryegrass cv. 
Grasslands Samson were: no endophyte (Nil) and infected with 
wild-type or AR37 novel endophyte. The tall fescue cultivar/
endophyte associations were Grasslands Advance (Continental 
summer active) Nil and infected with AR542 and Grasslands 
Flecha (Mediterranean summer dormant) Nil and AR542.
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Perennial ryegrass and tall fescue seedlings were grown in 
pots and kept in a shadehouse to exclude other insects. RHC 
and BHC were collected from the field and stored in the 
open, but under roof cover, in moist soil in plastic tubs under 
pasture clods and animal manure to simulate their natural 
environment. All plants were at the two to four tiller stages 
at 13 weeks after planting and were tested for presence or 
absence of endophyte by the immunoblot procedure (Gwinn 
et al. 1991; Hahn et al. 2003; Hiatt et al. 1997).

On June 25, the larvae were weighed and two RHC or four 
BHC were added to each pot containing the tall fescue plants. 
Pots were also left without larvae. Pots were then positioned 
with six rows and six columns replicated three times in three 
groups and placed in plastic bowls to contain the larvae. On 
June 26, the larvae were weighed and placed in the perennial 
ryegrass experiment in which 36 plants of each cultivar were 
allocated to three groups with all pots placed individually in 
plastic bowls to contain the larvae.

On August 9 the tall fescue experiment concluded when 
plants were 24 weeks old. On August 10, the perennial 
ryegrass experiment concluded with these plants being 22 
weeks old. All larvae were retrieved, weighed and counts 
recorded. The plants were then carefully removed from the soil 

medium and thoroughly washed and then dried. The shoots and 
roots were then separated with a scalpel. These plant parts were 
individually weighed (Shinko 600™ ± 0.01 g), bagged and taken 
for freeze-drying to preserve alkaloids.

No-choice seed experiments
As a proof of concept that these endophytes can deter cockchafer 
feeding, no-choice seed feeding experiments with RHC and BHC 
were conducted in 2004. For the perennial ryegrass experiment 
the same treatments described in the pot experiment were 
used. For the tall fescue experiments, Grasslands Advance Nil 
endophyte and with AR542 novel endophyte and Grasslands 
Flecha Nil endophyte and with AR542 novel endophyte were 
used. In addition Jesup (Nil and Wild type) from the USA, and 
New Zealand roadside tall fescue (Nil and Wild-type) were 
included in the experiment.

Both the RHC and BHC were fed with the three perennial 
ryegrass treatments. In the tall fescue experiments, all eight 
cultivar/endophyte associations were fed to RHC but only four, 
Grasslands Advance Nil and AR542 and Grasslands Flecha Nil 
and AR542 were fed to BHC. Larvae were weighed and then 
placed individually into six cell multiwell culture plates which 
had been previously weighed (Shinko 600™ ± 0.01g), and 
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clearly identified. The lids were then fitted and the plates placed 
on shelves in a cabinet.

The perennial ryegrass experiment with RHC commenced on 
June 5 2004 and was assessed on June 8, 13, 20, 25 and 30. At 
each assessment remaining seed was counted, trays were weighed 
and larval survival recorded before more seed was added and 
each tray was reweighed.  The final weight and survival of larvae 
and the weight and count of seed and tray recorded on the July 
7. The experiment with BHC commenced on June 14 and seed 
was added on the June 19, 21, 27 and July 1 and 7 with the final 
records on July 14.

 The tall fescue experiments with RHC commenced on the July 
22 and seed were added on July 25 and 31, August 5 and 8, with 
the final record of weight and survival of larvae and the weight 
and count of seed and tray on August 20. The experiment with 
BHC commenced on the July 25 with seed added on July 31 and 
August 5and 8 and the final records were taken on August 20.

Results
Pot experiments
There was no significant effect of endophyte on the weight 
change of RHC or BHC larvae consuming ryegrass plants  
(P>0.05, Table 1).

There were no significant interactions between endophyte 
treatment and cockchafer species for plant shoot or root weights 

(Table 2). There were no significant differences between 
treatments for any of the variables in the perennial ryegrass 
experiment except for the main effect of cockchafer species on 
initial larval weights (P<0.001) for which RHC was greater than 
BHC. There were no significant main effects of treatment on 
ryegrass shoot weights, but root weights were affected by both 
endophyte treatment and cockchafer species. Root weight at 
harvest was significantly less in the novel endophyte treatment 
(mean 1.87 g) than the nil treatment (2.81 g) with the wild-type 
intermediate (2.07 g) (P<0.05). Root weight in the presence of 
BHC (mean 1.69 g) was less than root weight without larvae or 
with RHC (2.47 g and 2.58 g respectively, P<0.05). Root fraction 
data showed no apparent interactions.

There was no significant effect of endophyte or tall fescue 
cultivar on the weight change of larvae consuming either Advance 
summer active or Flecha winter active tall fescue (P>0.05) (Table 
3). In the tall fescue experiment cockchafers initial weights were 
also significantly different (P<0.001) between the two species as 
seen in the perennial ryegrass experiment.

There was a significant difference between Grasslands 
Advance summer active tall fescue and Grasslands Flecha 
summer dormant tall fescue in the shoot (Table 4) and root 
(Table 5) weights of plant parts at harvest. The summer dormant 
Flecha, had consistently less plant material than the summer 
active Advance. The Flecha plants at no time grew as vigorously 
as the Advance plants. Root fraction data show no significant 
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interactions. Analysis of number of larvae applied and number 
recovered in both experiments showed no effect of treatment on 
mortality of RHC (1%) and BHC (2%).

No-choice seed experiments
Larvae of both RHC and BHC species lost weight over 
the duration of both the perennial ryegrass and tall fescue 
experiments and neither the amount of weight lost nor survival 
was affected by endophyte type in cv. Samson (P>0.05) (Table 
6) or in cv. Advance, Jesup, Flecha or New Zealand roadside  
(P>0.05) (Table 7).

There was no effect of endophyte treatment on the weight of 
seed consumed by cockchafers. Counts of larvae in both the 
perennial ryegrass and tall fescue experiments showed larvae 
died progressively during the captive feeding. In the perennial 
ryegrass experiment losses of larvae were 28% and 20% for the 
RHC and BHC respectively. In the tall fescue experiment losses 
of larvae were 20% and 18% respectively.

Discussion
The presence of endophyte in a plant is determined from the 
seed but the growth of the fungus may not extend to all plant 
parts. The feeding voracity of cockchafer larvae at the time when 
new seedlings emerge, and also as adult plants are responding to 
autumn rains, is seen as a significant issue in pasture persistence, 
establishment and production. Perennial ryegrass sown in 
Australian pastures has been mainly high in wild-type endophytes 
while tall fescue sowings have usually been endophyte-free 

to avoid animal health issues. Australian native pastures are 
not known to be infected with Neotyphodium spp. and pasture 
cockchafers are an Australian native insect that presumably 
coexisted in a mutual relationship with native tufted grasses.

Pasture cockchafers are only one of many predators that effect 
plant establishment and survival and this work is following on 
from known success against other similar shoot feeding insects 
(Ball et al. 1994; Dahlman et al.1997; Popay et al. 2005; 
Popay et al. 2004; Popay et al. 2003) and root feeders (Popay  
et al. 2004).

Endophytes in both grass species in the pot experiment showed 
no effect of endophyte on pasture cockchafers so a proof of 
concept experiment to measure effect of endophytes was 
undertaken. The pot experiment results however supported the 
theory that endophytes can enhance recovery after insect attack 
by allocation of nutrient to stimulate plant growth above or 
below ground and decrease above ground feeding (Omacini et al. 
2005). It was concluded therefore that a no choice seed feeding 
experiment was required using similar techniques to recent work 
done in New Zealand by (Popay & Lane; Popay et al. 2003) with 
some modifications to suit these two cockchafer lifestyles.

The no choice seed experiment as a proof of concept was the 
only option where live material could be used with identified 
levels of alkaloids. Other researchers have used elevated levels 
not found in natural associations to prove this concept, but then 
further research to achieve these levels in perennial ryegrass and 
tall fescue would need to be undertaken. Lolitrem B has minor 
effects on insects but ergovaline, peramine and lolines provide 
greater resistance (Hume & Cosgrove 2005). These experiments 

Larvae weight difference (g) Seed eaten (g)
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found, ergovaline, peramine lolines and janthitrems did not affect 
RHC and BHC larval feeding, weight or mortality.

Tall fescue has a large root system which can withstand some 
active feeding of pest insects. The presence of lolines is thought 
to enhance seedling survival. In North America the root feeding 
white grub of Japanese beetle (Popillia japonica Newman) was 
reported by (Patterson et al. 1992) to be deterred by lolines at 
concentrations of 250 µg/g. Similar experimental research was 
conducted in New Zealand with grass grub feeding on crude 
extracts of milled tall fescue seed (Popay & Lane 2000). These 
researchers showed that lolines would affect grass grub feeding 
and were present in the plant roots. These experiments reported 
here found that lolines did not affect RHC and BHC larvae 
feeding, weight or mortality.

Further research may focus on insects in earlier instar stages 
and this could be done feeding seed. The larvae may also have 
a mechanism for metabolising alkaloids thereby preventing 
toxicity suggesting work looking at the digestion of alkaloids by 
measuring concentrations in the faecal pellets of cockchafers to 
confirm excretion of the toxins in this manner. To do this faecal 
pellets could be collected from larvae fed with imbibed infected 
seed and placed on nitrocellulose membrane as described in the 
immunoblot method. This may show if grass endophytes are 
excreted by the larvae.

Overall the results provided no evidence to show that RHC 
and BHC larvae are affected by alkaloids produced by perennial 
ryegrass or tall fescue endophyte infections. Acceptance of 
infected plants and seed by the larvae and survival and weight 
change over a prolonged time in both the pot experiments and 
no choice experiments supports this conclusion. The species and 
the endophyte combination are thought to control insect feeding. 
In this experiment the combinations were chosen with the 
presumption that some of the endophyte alkaloids would deter 
cockchafers. There is, however, mixed findings when reviewing 
other research results which could explain the lack of treatment 
effects in the current experiments. The interaction promoting 
plant survival after larval damage by endophyte protection 
from other insects and pathogens possibly entering via damaged 
plant parts needs investigation. If novel endophyte infection can 
further enhance persistence, productivity and insect resistance 
while reducing animal toxicity in comparison to wild-type 
endophyte, the contribution of this research developing a simple 
method of testing insect resistance by feeding imbibed seed has 
been worthwhile.
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