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Abstract

Heat stress in Northland cattle has been shown to
be similar to tall fescue toxicosis as described in
south-east USA, but incidence has not been
correlated with the presence of tall fescue on farms.
Tall fescue toxicosis results from grazing
endophyte-infected tall fescue, and is caused by
the alkaloid ergovaline. Cases are described of
cattle suffering typical symptoms of ergovaline
poisoning, though they had negligible access to
tall fescue. Pasture surveys have shown ergovaline
levels inryegrass pastures to often be sufficient to
cause toxicosis. Ambient temperatures interact with
ingestion of toxin to cause heat stress. It is suggested
that usual weather conditions in New Zealand
temper the negative effects of the toxin. Higher
temperatures increase the levels of ergovaline in
pasture, and increase the sensitivity of livestock to
it. Heat stress in North Island cattle probably usually
results from the interaction of particular environ-
mental conditions with the grazing of perennial
ryegrass.
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Introduction

Cases of heat stress in catle in Northland, Bay of Plenty
and occasionally elsewhere have been reported (Anon.
1977, 1978; Sutherland 1984; Brookbanks er al. 1985).
Symptoms included high rectal temperatures, high
respiration rate, panting, drooling of clear mucus from
the mouth and nose, extrusion of the tongue and search
for shade and cool. A loss of condition was reported,
with rough coats often coated with mud or faeces (Anon.
1977). Production could drop dramatically, affected
animas could take severd weeks to recover and 6-30%
of animas in a herd could be affected (Sutherland 1984).
Inadequate  sodium  (or excessive potassum), tal fescue
and ticks were suggested as possible causes (Anon.
1977). However, none of these factors was consistently
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associated with the problem, and the suggestion was
made that Friesian catle were simply intolerant of high
ambient temperatures (Anon. 1978). Sutherland (1984)
pointed out that feverish body temperatures occurred
“against a background of environmental conditions
which would not be expected to overwhelm the
thermoregulatory system”, and noted the similarity to
tall fescue “summer syndrome” of cattle grazing tall
fescue reported in the USA. Brookbanks et gf (1985)
reported that the disorder was prevalent north of
Auckland, 3-80% of animals in affected herds showing
heat stress. Production losses up to 50% (herd basis)
were reported. Tal fescue was present on al properties
but in some was restricted to alittle in farm races.
Keans (1986) surveyed 64 dairy herds and was unable
to correlate heat stress incidence or severity with any
factor except breed. Tall fescue was present on all
properties but its abundance and availability were not
related to the degree of heat stress in the herd. Reports
of fescue-related heat stress are usually from the north
of New Zealand where sustained periods of warm
temperatures are encountered, but the problem can occur
elsewhere. Three bullocks developed very high
temperatures, sdivated  heavily, extended their tongues
and eventually died after grazing wild tall fescue in
Manawatu (P.R. Wiseman, H.S. Easton, unpublished).

“Summer syndrome” in cattle grazing tall fescue
has been intensively researched in southern USA  since
1950 (Pratt & Haynes 19501, and has been shown to be
caused by the infection of tal fescue with the endophyte
fungus Acremonium coenophialum (Hoveland et al.
1980; Hoveland 1993). The endophyte produces a
number of chemical compounds, and the principal toxic
agents are the ergopeptine akaloids, notably ergovaine
(Gamer et al. 1993). Clinical symptoms of fescue
toxicosis were observed in animals grazing endophyte-
infected tall fescue containing under 0.2 ppm (parts per
million) ergovaline, and in one experiment physiological
effects were recorded when the diet contained only 0.05
ppm ergovaline. Tall fescue seed sold for pasture in
New Zealand is free of endophyte.

A related endophyte, Acremonium Jolii, infects most
New Zealand pastures of perennial ryegrass and is the
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cause of ryegrass staggers (Fletcher & Harvey 1981;
Fletcher et al. 1990). The ryegrass-endophyte associ-
ation produces a large number of alkaloid chemicals,
notably lolitrem B (causng ryegrass sStaggers, Gallagher
et al. 1984) and ergopeptine alkaloids including
ergovaline (Rowan e al 1990; Tapper 1993). On a trid

in Canterbury, heat stress of lambs grazing endophyte-
infected ryegrass was observed on the plots, and
measured after animals were transferred to a heat
chamber indoors (Fletcher 1993).

Survey of New Zealand ryegrass pastures

In summer-autumn 1992-93, samples were taken from
perennial ryegrass-based pastures on farms in several
regions of New Zealand. Samples were taken by a
number of different people, and while instructions were
given to cut close to the ground a 20 or more points at
random through each paddock, some variation in practice
probably occurred. Samples were taken in December,
January and February-March. The results presented are
from old ryegrass pastures and from pastures sown to
readily available seed lines. They therefore reflect the
typical situation of New Zealand perennial ryegrass-
based pastures. Among the farms sampled in Northland
were properties where heat stress in dairy herds had
been reported.

Samples were taken in summer 1992-93 from a
number of experiments in Canterbury, Manawatu,
Hawke's Bay and Taranaki.

Samples were also taken in summer 1993-94, in
Northland. Finally, samples were taken in April 1995
from farms in Waikato and near Dannevirke, where
heat stress was reported in dary cattle

Samples were dissected to separate ryegrass from
clover and other plant species, and the ryegrass fraction
was frozen, freeze dried, ground and assayed for
ergovaline by the method described by Barker et al.
(1993). Determinations of ergovaline and its isomer
ergovalinine were added to give the concentrations
reported.

Figure 1 shows the evolution of mean ergovaline
levels for all samples through summer-autumn 1992-
93, and Figure 2 shows the distribution of al vaues in
this period. These results have been summarised by
Easton et al. (1993).

Elevated ergovaline concentrations in flowering
stems and seed-heads account for an early peak for
whole pasture samples in December (Figure 1). Beyond
this period there is a steady increase to a second peak
in late summer. Again, this peak is influenced by the
high proportion of basal leaf sheath, high in ergovaline
(Davies eral. 1993), in the low pasture profile associated
with restricted pasture growth. Independently of

Figure 1 Levelsof ergovaline (2-weekly mean and range) in 48
samples of endophyte-infected perennid  ryegrass
herbage from throughout New Zedland, September—
May 1992-93. Points without a range bar indicate a
sngle sample ina fortnight.
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Figure 2 Digtribution of ergovaline levels in 48 samples of
endophyte-infected perennial ryegrass herbage from

throughout New Zedand, September-May 1992-93,
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changing pasture profile, ergovaline levels are
sometimes raised by water dress and increased ambient
temperatures (Barker et g/ 1993; Eerens 1996).
Repeated sampling of atrial in Victoria, Australia,
gave a similar trend in ergovaline levels through the
summer and autumn (Woodburn et al. 1993).

The results do not indicate major differences
between ergovaline levels in different regions of New
Zealand. A more extensive data set for Grasslands
Pacific ryegrass with ‘Endosafe’ also showed no
consistent differences between regions (H.S. Easton,
G.A. Lane, unpublished).
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Moderately high ergovaline content has been found
in both old pastures and pasture sown to modern
cultivars. Table 1 gives figures for samples taken from
two Northland farms in January 1993. Nearly 50% of
samples taken from old Waikato pastures in autumn
1992-93 had ergovaline levels higher than 0.5 ppm
(Figure 3). More than 15% had levels above 1.0 ppm.
Levels of 1.6 and 1.9 ppm (each a mean of four plots)
were recorded on two moden cultivars a the Poukawa
research station (Hawke's Bay) in January 1993, and
levels above 1 .0 ppm were recorded on recently sown
pastures on Waikato farms in February 1993.

Table 1  Ergovaline ppm in herbage samples from fams
reporting  heat  stress in catfle.
Origin of sample ppm  ergovaline
Northland, Jan 93, Farm A, old pasture 1.2
Northland, Jan 93, Farm A, sown cultivar 0.9
Northland, Jan 93, Farm B, old pasture 1.8
Northland, Jan 93, Farm B, sown cultivar 0.6
Dannevirke, April 1995 1.0
Waikato, April 1995, Farm A 0.4
Waikato, April 1995, Farm B 0.1
Waikato. April 1995, Farm C 0.5

Figure 3 Distribution of ergovaline levels in 23 samples of
endophyte-infected perennial ryegrass herbage from
Waikato, April 1993.
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Figure 4 summarises results from 39 sites on 18
farms in Northland for January to April 1995. While
the mean did not vary greatly through the season, the
percentage of pastures with ergovaline levels above
1 .0 ppm was zero in March but above 30% in February
and between 15 and 20% in January and April.
Ergovaline levels in pastures in autumn vary greatly
with local and seasonal conditions. In seasons that
combine adequate SOil moisture with warm temperatures

and high levels of mineralised (or fertiliser) nitrogen
(Lyons et al. 1986), the biological activity of the
endophyte remains high and this is reflected in high
ergovaline  levels.

From dl the above results, ergovaline levels between
0.5 and 1.0 ppm are clearly commonplace in New
Zealand ryegrass pastures in summer and autumn, and
in some pastures levels are above 15 ppm.

Figure 4 Didtribution of ergovaine levels in samples of
endophyte-infected perennial ryegrass herbage from
Northland, January-April 1994,
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Hyperthermia in dairy herds

Between January and April 1993, the authors' attention
was drawn to herds in Northland suffering from heat
stress. Production had fallen, animals had lost their
appetite and were visibly stressed, drooling and in some
cases panting. The symptoms conformed to those
described for tall fescue toxicosis “summer syndrome”
in USA literature, and to earlier New Zealand reports
(Anon. 1977; Sutherland 1984; Brookbanks efal. 1985).
However, the amount of tall fescue herbage available
to these herds was negligible. Likewise, in April 1995,
severe heat stress was observed in several herds in
Waikato, with losses in production and again negligible
tall fesue herbage avalable Similar observations were
made in the Dannevirke area in southern Hawke's Bay.
Herbage samples were taken from several paddocks on
farms where heat stress was reported, within a few
days of the reports being received, and while the
symptoms were still evident. Ergovaline levels in
herbage from farms where heat stress was reported are
given in Table 1.

Ergovaline levels in samples from the affected
Waikato farms in April 1995 were not unduly high, so
these incidences remain inconclusive. In the other cases,




40

ergovdine levels were aufficient to cause the symptoms
usually ascribed to fescue toxicosis.

Conclusions

Despite differences in laboratory procedure, possibly
leading to differences in absolute values, ergovaline
levels in New Zesland ryegrass pastures in summer and
autumn clearly often approach the range shown by tall
fescue research to cause the elevated body temperatures
and other symptoms associated with fescue toxicosis.

In many circumstances the feed actudly ingested by
cattle may be less toxic than indicated by analysis.
Usually pastures are mixtures containing white clover,
usually more abundant in summer months, so that the
ergovaline in the ryegrass is diluted. Ergovaline
concentrations are highest in the flowering stem and
seed-head, and in the basal sheath of the plant (Keogh
& Tapper 1993). Samples taken for analysis were cut
close to the ground, and cattle frequently graze above
the layers in the pasture profile where the highest levels
of ergovaline are found. However, this is not dways so.
On the other hand, random sampling is likely to
underestimate the contribution to diet of urine patches
(Keogh 1973), and ergovaline levels in these high
nitrogen areas may be higher than elsewhere in the
pasture (Lyons et al. 1986).

It will therefore not be unusual for cattle grazing
endophyte-infected ryegrass in northern New Zealand
to ingest herbage containing over 1 ppm ergovaline,
and sometimes over 1.5 ppm. These levels are much
lower than those common in roadside tal fescue in New
Zealand, but they approach the range of endophyte-
infected tall fescue cultivars used in USA. The figures
in Table 1, taken from properties where heat stress had
been recently observed, are not unusud in New Zedand
pastures. The relatively infrequent incidence of clinical
heat stress in New Zealand cattle grazing perennial
ryegrass must be ascribed to usualy short-term exposure
to elevated levels, and to the generally less heat stress-
inducing ambient conditions than those of south-east
USA. There have not been reports of heat stress from
Canterbury farms, although day-time temperatures there
can be high. The lower night temperatures than those of
northern  North Idland, alowing animals to recover, may
account for this.

We conclude that ergovaline levels in perennial
ryegrass pastures are sufficient to cause fescue toxicosis
symptoms in livestock if ambient conditions aresuitable,
and that for many reported cases of bovine ideopathic
hyperthermia, endophyte-infected perennial ryegrass
pastures are a more likely explanation than the very
small amounts of volunteer tall fescue available to
animals.
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