
Pasture Ecosystems

New Zealand Plant Protection 61: 210-214 (2008) www.nzpps.org

ROOT LOLINE CONCENTRATION IN ENDOPHYTE-
INFECTED MEADOW FESCUE (FESTUCA PRATENSIS)

IS INCREASED BY GRASS GRUB (COSTELYTRA 
ZEALANDICA) ATTACK

1,2 1, L.R. FLETCHER
1

1P.O.Box 84, Lincoln University, Canterbury, New Zealand
2Cropmark Seeds Ltd, P.O. Box 16-574, Christchurch, New Zealand

3AgResearch, Private Bag 4749, Christchurch, New Zealand

Corresponding author: insectscience@xtra.co.nz

ABSTRACT

subterranean pests of pastures. Some endophyte-infected meadow 
fescues contain loline alkaloids in the roots, which can protect the 
plant from insect attack. Loline concentrations in the roots of meadow 
fescue ecotypes in autumn were similar to concentrations in shoots of 
the same line. Loline concentrations in the roots of the meadow fescue 

the same ecotypes that were not exposed to grass grub. These results 
demonstrated that loline alkaloids produced by endophyte-infected 
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INTRODUCTION
Meadow fescue (Festuca pratensis,

with the endophyte Neotyphodium uncinatum, which has the capacity to synthesise loline 

(Dahlman et al. 1991). The concentration of loline alkaloids in roots is generally thought 

Costelytra zealandica

studies, failed to increase their body weight compared to larvae offered meadow fescue 

effect was consistent with the known effects of loline alkaloids extracted from the seed 

were not reported. 

concentrations measured in roots, crowns and shoots of 12 endophyte-infected meadow 
fescue ecotypes. These studies challenge existing knowledge on the relative concentration 

increase in endophyte alkaloids directly attributable to insect injury. 
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MATERIALS AND METHODS
Field experiment

Festuca rubra) and cultivated 6 weeks before 
transplanting. This experiment was a split-plot randomised complete block design with 
each plot consisting of two plants of one grass-endophyte combination. In each plot, two 
x two-tiller ramets from each of 12 grass-endophyte combinations, grown in the same 

ensure establishment. There were eight replicates of each grass endophyte combination 
and the control (no plants). One month before the grass grubs were inserted, each plant 

down to ground level. One randomly chosen plant of each pair contained six third instar 

2. The other subplot was grass grub free. Plants were removed 

and enclosed soil. Plants were separated into shoots, crown and roots, weighed fresh, 
and samples taken for dry matter and loline analysis. The grass grubs were recovered, 
counted and weighed (data not presented). Herbage samples were pooled from the 

for each pooled sample were undertaken in duplicate. 
Loline analysis

The extraction of loline alkaloids from the plant samples was based on the method 

NFL, NAL, N-acetyl norloline (NANL) and N-methyl loline (NML) were based on 

Statistical analysis
The mean loline concentrations in root, crown and shoot for all meadow fescue 

RESULTS

The total loline concentration measured in the pooled samples could be separated 

ecotypes were checked for the presence of endophyte by staining with lactophenol 

Mean total loline concentration in the roots of meadow fescue plants with grass grubs 

difference in mean total loline concentration in above ground herbage in the presence 
or absence of grass grub.
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TABLE 1: Total loline1 concentration (µg/g DM) (± SD) in the roots, crowns 
and shoots of 12 meadow fescue lines after 39 days with and without 

Root Crown Shoots

Line
2

Fp2462

2

Fp262

Mean 1614 1169

t-test ns

1

2

concentration.

DISCUSSION
The loline concentration measured in roots of meadow fescue lines in these experiments 

combinations. The loline concentration in meadow fescue ecotypes in this study that were 
not exposed to grass grub were on average highest in the crown, lowest in the shoot and 
intermediate in the roots (Table 1). Previously reported loline alkaloid concentrations 
in roots of tall fescue and meadow fescue were much lower than the concentrations 

In this study, there was an increase in total loline alkaloids in the roots of meadow 
fescue plants exposed to grass grub larvae and a decrease in the concentration in the 
crown (Table 1), which may be an induced effect and suggests alkaloid transport to the 

increase in alkaloid production in the plant per se but rather a redistribution of lolines 
in response to an insect attack. 

weighed substantially less after feeding on previously clipped, compared to unclipped, 

inducible defense was demonstrated when tall fescue was attacked by fall armyworm, as 
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measured by an increase in lolc expression, the same effect was not observed in meadow 

endophyte alkaloid concentration directly attributable to insect damage. The high (up 

winter suggest a more important role for loline alkaloids in the protection of plant roots 
from subterranean insects than previously thought. 
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Inducible defenses provided by Neotyphodium to Lolium arundinacea and Lolium
pratense
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