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Influence of the ryegrass endophyte (Neotyphodium lolii) in a
cool-moist environment III. Interaction with white clover
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Abstract White clover was grown together with
either endophyte-free or endophyte-infected (strain
either AR6 or wildtype) Nui ryegrass under four
environmental conditions (covering low or
moderate temperatures, moist or draughted soil,
clippings removed or returned) in a glasshouse
experiment. The presence of wildtype endophyte
in ryegrass plants had in general, but especially
under optimal growing conditions, a significant
positive effect (P < 0.05) on white clover stolon
length, number of growing points, and the number
of nodules. No endophyte effect was observed on
the distribution of nodules over root depth, size,
and colour classes under any environment. It is
postulated that endophyte-associated compounds in
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root leachates may have an effect on mycorrhiza,
the size of the effect increasing with the level of
abiotic stress to which ryegrass plants are subjected.
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INTRODUCTION

White clover depends on symbiosis with Rhizobium
leguminosarum bv. trifolii for nitrogen fixation, and
reduction or loss of this nitrogen fixation ability
places white clover at a disadvantage with
competing species in pastures (Haynes 1980). In
some field experiments it has been noted that the
clover fraction in endophyte-infected ryegrass/
clover pastures is lower than that in endophyte-free
ryegrass/clover pastures (Sutherland & Hoglund
1989, 1990; Stevens & Hickey 1990; Watson et al.
1993). In contrast, Cosgrove et al. (1993) did not
observe a negative effect of endophyte presence on
the white clover fraction and at times even observed
a higher white clover fraction in endophyte-infected
pastures. In the cool moist environment at Gore,
Southland, Eerens et al. (1998) observed less clover
in endophyte-infected than in endophyte-free
ryegrass pastures in a relatively dry year, but not in
four moist years.

Symbiosis between white clover and R.
leguminosarum bv. trifolii is more efficient when
plants have large nodules rather than many small
nodules (Nutman 1967). A cursory examination in
1989 (J. P. J. Eerens unpubl. data) of white clover
plants in an AgResearch perennial ryegrass
evaluation field trial at Riversdale, Southland where
the clover ratio was observed to be lower in
endophyte-infected treatments (Stevens .& Hickey
1990) showed that the plants from endophyte-free
pastures had more large and pink-coloured nodules,
than plants from endophyte-infected pastures,
which had a higher number of small and white-
coloured nodules. The endophyte status of the
perennial ryegrass plants was the only difference
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between the treatments at the start of the experi-
ment.

In a later, more detailed examination of white
clover over three years in a grazing trial at the Gore
Regional Research Station, Southland, where clover
ratios were comparable between endophyte-free and
endophyte-infected treatments, Eerens (1996) found
that clover nodules were comparable in weight,
although there were slightly more pink nodules on
roots of clover grown with low than with high
endophyte ryegrass. This difference between the
two sites may have been the result of an interaction
between environment and endophyte, as the
Riversdale site was more prone to summer droughts
than the Gore site.

The objective of the study reported here was to
examine effects of the ryegrass endophyte on nodule
number and morphology of companion white clover
plants.

MATERIAL AND METHODS

A glasshouse experiment was sown at the Gore
research station in December 1993. Buckets of 9 1
capacity were filled with crusher dust (fine gravel/
sand) to which a slow release fertiliser (Osmocote
23-18-37) and 300 g n r 3 Micromax (15% S, 12%
Fe, 2.5% Mn, 1% Zn, 0.1% B and 0.005% Mo) were
added. Over a 6 month period Osmocote releases
90 g N n r 3 mo"1, 30 g P m"3 mo"1, and 60 g K n r
3 mo"1. The nutrient availability was in the same
order of magnitude as in the field grazing
experiment at Gore. Approximately 5 mm of topsoil
(from a ryegrass pasture of unknown endophyte
status) was deposited on top of this mixture to both
facilitate clover establishment and act as the
Rhizobium inoculum for the clover seedlings. With
the seed being deposited at the bottom of this topsoil
layer, and the roots hardly growing in this layer,
the endophyte status of the pasture from which the
topsoil had been obtained was regarded of minor
importance.

Five or six pre-germinated clover seeds were
placed in the centre of each bucket surrounded by a
ring of 20 pre-germinated ryegrass seeds and
covered by a thin layer of fine sand. Three seedlines
of 'Grasslands Nui' ryegrass seed, free of endophyte
or infected with either the AR6 or Wildtype (Wt)
endophyte strain, were obtained from the Margot
Forde Germplasm Centre at Palmerston North. The
presence of an endophyte in the ryegrass plants was
assessed by staining epidermal segments of ryegrass

pseudostem in lactophenol blue, followed by
microscopic observation. More than 70% of the
ryegrass plants in each bucket had the correct
endophyte status, so that all buckets were included
in the analysis.

Buckets were allocated to one of four environ-
mental treatments two months after sowing (Table
1). Environments in which clover suppression had
been observed and also the environment in which
no endophyte effect on white clover had been
observed, were simulated in the experiment. The
standard temperature (mean daily temperature
18.5°C, range 10-32°C) was achieved by placing
the buckets in a heated glasshouse (glass roof, high
light transmission). The low temperature (mean
daily temperature 7.2°C, range -0.5-26°C) was
achieved by placing the buckets in an area outside
the glasshouse sheltered against the predominant
south-west wind. For the restricted water treatment,
buckets were allowed to dry out over a three week
period, rewatered before another three weeks of
drying out, then rewatered before five weeks of
drying out. All other buckets were watered daily.
Plants in all buckets were cut back every three
weeks to simulate grazing over spring, and the
clippings were either returned to the surface of the
buckets or, in the clippings treatment, removed from
the buckets. There were five replicates for each of
the 12 endophyte x environment treatment
combinations.

All white clover plants were destructively
harvested after the third drying cycle. Plants were
placed in a container filled with tap water to
completely saturate the substrate which was then
carefully removed in stages to minimise root and
nodule damage. Plants were then examined for
morphological and nodule characteristics. The
largest two taproots per bucket were used to
measure nodule characteristics. The taproots were
blotted dry with tissue paper. Nodules were
carefully dissected off the roots with a scalpel
and dry weights of nodules and roots were
determined.

Table 1 Environmental treatments applied to plants in
the glasshouse experiment.

Temperature
Treatment Water Clippings Standard Low

Control
Restricted water
Low temperature
Clippings removed


