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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  tal l  fescue on farms.
Ta l l  f e scue  t ox i cos i s  r e su l t s  f rom g raz ing
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
ta l l  fescue .  Pas ture  surveys  have  shown ergoval ine
levels in ryegrass  pastures to often be sufficient to
cause toxicosis .  Ambient  temperatures  in teract  wi th
inges t ion  of  tox in  to  cause  hea t  s t ress .  I t  i s  sugges ted
that usual weather conditions in New Zealand
temper the negative effects of the toxin. Higher
temperatures increase the levels of ergovaline in
pas ture ,  and  increase  the  sens i t iv i ty  of  l ives tock  to
i t .  Hea t  s t ress  in  Nor th  I s l and  ca t t l e  p robab ly  usua l ly
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 cattle in Northland, Bay of Plenty
and occas ional ly  e lsewhere  have  been repor ted  (Anon.
1977, 1978; Sutherland 1984; Brookbanks et al. 1985).
Symptoms included high rectal temperatures, high
respira t ion ra te ,  pant ing,  drool ing of  c lear  mucus f rom
the mouth and nose, extrusion of the tongue and search
for  shade  and cool .  A loss  of  condi t ion  was  repor ted ,
with rough coats often coated with mud or faeces (Anon.
1977) .  Product ion could drop dramat ical ly ,  affected
animals could take several weeks to recover and 6-30%
of animals in a herd could be affected (Sutherland 1984).
Inadequate sodium (or excessive potassium), tall fescue
and  t i cks  were  sugges ted  as  poss ib le  causes  (Anon .
1977). However, none of these factors was consistently

associa ted  wi th  the  problem,  and the  sugges t ion  was
made that Friesian cattle were simply intolerant of high
ambient  temperatures  (Anon.  1978) .  Suther land (1984)
pointed out  that  fever ish  body temperatures  occurred
“aga ins t  a  background  of  env i ronmenta l  condi t ions
which would not be expected to overwhelm the
thermoregula tory  sys tem”,  and noted the  s imi lar i ty  to
tal l  fescue “summer syndrome” of  cat t le  grazing tal l
fescue repor ted in  the  USA. Brookbanks e t  al. (1985)
reported that the disorder was prevalent north of
Auckland,  3-80% of animals  in  affected herds showing
hea t  s t ress .  P roduc t ion  losses  up  to  50% (herd  bas i s )
were reported. Tall fescue was present on all properties
but in some was restricted to a little in farm races.
Kearns (1986) surveyed 64 dairy herds and was unable
to  cor re la te  hea t  s t ress  inc idence  or  sever i ty  wi th  any
factor except breed. Tall fescue was present on all
proper t i es  bu t  i t s  abundance  and  ava i lab i l i ty  were  no t
related to the degree of heat stress in the herd. Reports
of  fescue-related heat  s t ress  are usual ly 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, salivated heavily, extended their tongues
and eventual ly  d ied  af ter  graz ing wi ld  ta l l  fescue  in
Manawatu (P.R. Wiseman, H.S. Easton,  unpub l i shed) .

“Summer syndrome” in cat t le  grazing tal l  fescue
has been intensively researched in southern USA since
1950 (Pratt & Haynes 19501, and has been shown to be
caused by the infection of tall fescue with the endophyte
fungus Acremonium coenophialum (Hoveland et al.

1980; Hoveland 1993). The endophyte produces a
number of  chemical  compounds,  and the pr incipal  toxic
agents are the ergopeptine alkaloids, notably ergovaline
(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 ergoval ine.  Tal l  fescue seed sold for  pasture in
New Zealand is  free of  endophyte.

A related endophyte, Acremonium lolii, infects most
New Zealand pastures  of  perennial  ryegrass and  i s  the
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cause of ryegrass s taggers  (Fle tcher  & Harvey  1981;
Fletcher  et  al .  1990) .  The  ryegrass-endophyte  associ -
a t ion produces  a  large number  of  a lkaloid chemicals ,
notably lolitrem B (causing ryegrass  staggers, Gallagher
et  al. 1984) and ergopeptine alkaloids including
ergovaline (Rowan  et al. 1990; Tapper 1993). On a trial

in  Canterbury,  heat  s t ress  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 at 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 resul ts  presented are
from old ryegrass pastures  and f rom pastures  sown to
readi ly avai lable  seed l ines .  They therefore ref lect  the
typica l  s i tua t ion  of  New Zealand perennia l  ryegrass-
based pastures .  Among the farms sampled in Northland
were  proper t ies  where  heat  s t ress  in  da i ry  herds  had
been repor ted .

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
North land.  F ina l ly ,  samples  were  taken  in  Apr i l  1995
from farms in Waikato and near Dannevirke, where
heat stress was reported in dairy 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
ergoval ine  by the  method descr ibed by Barker  e t  a l .
(1993) .  Determinat ions  of  ergoval ine  and i ts  i somer
ergoval in ine  were  added  to  g ive  the  concent ra t ions
repor ted .

Figure  1  shows the  evolut ion  of  mean ergoval ine
levels  for  al l  samples through summer-autumn 1992-
93, and Figure 2 shows the distribution of all values in
this  per iod.  These resul ts  have been summarised by
Easton  et al. (1993).

Elevated  ergoval ine  concent ra t ions  in  f lower ing
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 la te  summer.  Again,  th is  peak is  inf luenced by the
high proportion of basal leaf sheath, high in ergovaline
(Davies etal.  1993),  in the low pasture profile associated
with restricted pasture growth. Independently of

Figure 1 Levels of ergovaline (2-weekly  mean and range) in 48
samples of endophyte-infected perennial ryegrass
herbage  from throughout New Zealand, September-
May 1992-93. Points without a range bar indicate a
single sample in a fortnight.
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Figure 2 Distribution of ergovaline levels in 48 samples of
endophyte-infected perennial ryegrass  herbage  from
throughout New Zealand, September-May 1992-93.
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changing pasture profile, ergovaline levels are
sometimes raised by water stress and increased ambient
temperatures (Barker et al. 1993; Eerens 1996).
Repeated sampling of a trial in Victoria, Australia,
gave  a  s imi la r  t rend  in  e rgoval ine  leve ls  through the
summer and autumn (Woodburn et  a l .  1993) .

The results do not indicate major differences
between ergoval ine  levels  in  di f ferent  regions  of  New
Zealand. A more extensive data set for Grasslands
Pacific ryegrass with ‘Endosafe’ also showed no
consis tent  d i f ferences  between regions  (H.S. Easton,
G.A.  Lane,  unpubl ished) .

-
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Moderately high ergovaline content has been found
in both old pastures and pasture sown to modern
cult ivars .  Table 1 gives f igures  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 modern cultivars at the Poukawa
research s ta t ion  (Hawke’s  Bay)  in  January  1993,  and
leve ls  above  1  .O  ppm were recorded on recent ly  sown
pastures  on Waikato  farms in  February 1993.

Table 1 Ergovaline ppm in herbage  samples from farms
reporting heat stress in cattle.

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 E,  old pasture 1 .a
Northland, Jan 93, Farm 8, sown cultivar 0 .6
Dannevirke, April 1995 1 .0
Waikato,  Apr i l  1995,  Farm A 0 .4
Waikato,  Apr i l  1995,  Farm B 0 .1
Waikato.  Apr i l  1995, Farm C 0 .5

Figure 3 Distribution of ergovaline levels in 23 samples of
endophyte-infected perennial ryegrass  herbage  from
W a i k a t o ,  A p r i l  1 9 9 3 .
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Figure 4 summarises results from 39 sites on 18
farms in  Northland for  January to  Apri l  1995.  While
the  mean d id  not  vary  grea t ly  through the  season,  the
percentage  of  pas tures  wi th  ergoval ine  levels  above
1 .O ppm was zero in March but above 30% in February
and between 15 and 20% in January and April.
Ergoval ine  leve ls  in  pas tures  in  au tumn vary  grea t ly
wi th  loca l  and  seasona l  condi t ions .  In  seasons  tha t
combine adequate soil  moisture with warm temperatures

and high levels  of  mineral ised (or  fer t i l i ser)  n i t rogen
(Lyons et al. 1986),  the biological activity of the
endophyte  remains  h igh  and  th is  i s  re f lec ted  in  h igh
ergovaline levels.

From all 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 1.5 ppm.

Figure 4 Distribution of ergovaline levels in samples of
endophyte-infected perennial ryegrass  herbage  from
N o r t h l a n d ,  J a n u a r y - A p r i l  1 9 9 4 .
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Hyperthermia in dairy herds

Between January and April 1993, the authors’ attention
was drawn to herds in Northland suffer ing from heat
s t ress .  Product ion  had  fa l len ,  an imals  had  los t  the i r
appetite and were visibly stressed, drooling and in some
cases panting. The symptoms conformed to those
described for  tal l  fescue toxicosis  “summer syndrome”
in USA l i tera ture ,  and to  ear l ier  New Zealand repor ts
(Anon. 1977; Sutherland 1984; Brookbanks etal.  1985).
However,  the amount of  tal l  fescue herbage  ava i l ab le
to these herds was negligible. Likewise, in April 1995,
severe  hea t  s t ress  was  observed in  severa l  herds  in
Waikato, with losses in prcuiuction  and again negligible
tall fescue herbage  available. 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  fa rms in  Apr i l  1995 were  not  unduly  h igh ,  so
these incidences remain inconclusive. In the other cases,



40

ergovaline levels were sufficient to cause the symptoms
usually ascribed to fescue toxicosis.

REFERENCES

Conclusions

Despi te  d i f ferences  in  laboratory  procedure ,  poss ib ly
leading to  d i f ferences  in  absolute  values ,  e rgoval ine
levels in New Zealand ryegrass pastures in summer and
autumn clear ly  of ten  approach the  range shown by ta l l
fescue research to cause the elevated body temperatures
and other  symptoms associa ted  wi th  fescue toxicos is .

In many circumstances the feed actually ingested by
cattle may be less toxic than indicated by analysis.
Usual ly  pas tures  are  mixtures  conta in ing whi te  c lover ,
usual ly  more abundant  in  summer months ,  so  that  the
ergovaline in the ryegrass  is diluted. Ergovaline
concentra t ions  are  h ighes t  in  the  f lower ing s tem and
seed-head,  and in  the  basa l  sheath  of  the  p lant  (Keogh
& Tapper 1993).  Samples taken for  analysis  were cut
c lose  to  the  ground,  and ca t t le  f requent ly  graze  above
the layers in the pasture profile where the highest levels
of ergovaIine  are found. However, this is not always 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
ni t rogen areas  may be  higher  than e lsewhere  in  the
pasture (Lyons et al. 1986).

I t  wi l l  therefore  not  be  unusual  for  ca t t le  graz ing
endophyte- infected ryegrass in  nor thern  New Zealand
to  i nges t  herbage  conta in ing over  1  ppm ergoval ine ,
and sometimes over 1.5 ppm. These levels are much
lower than those common in roadside tall fescue in New
Zealand,  but  they approach the  range of  endophyte-
infected tal l  fescue cultivars used in USA. The figures
in Table  1,  taken from propert ies  where heat  s t ress  had
been recently observed, are not unusual in New Zealand
pastures. The relatively infrequent incidence of clinical
heat  s t ress  in  New Zealand cat t le  grazing perennia l
ryegrass must be ascribed to usually short-term exposure
to elevated levels, and to the generally less heat stress-
induc ing  ambien t  condi t ions  than  those  of  sou th-eas t
USA. There have not  been reports  of  heat  s t ress  f rom
Canterbury farms,  al though day-t ime temperatures there
can be high. The lower night temperatures than those of
northern North Island, allowing animals to recover, may
account  for  th is .

We conclude  tha t  e rgoval ine  leve ls  in  perennia l
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  l ikely  explanat ion than the  very
small amounts of volunteer tall fescue available to
animals .

Anonymous.  1977.  Ideopathic  bovine  hyper thermia .
Surveillance 4:4:  6-7.

Anonymous.  1978.  Ideopathic  bovine  hyper thermia .
Surveillance 5:l: 1 l-12.

Barker, D.J.; Davies, E.; Lane, G.A.; Latch, G.C.M.;
Nott,  H.M.; Tapper, B.A. 1993. Effect of water
deficit and alkaloid concentrations in perennial
ryegrass endophyte associations. Proceedings
second international symposium on Acremonium/
grass  in terac t ions  Ed. D.E. Hume, G.C.M. Latch &
H.S. Easton.  AgResearch. .  pp 67-71.

Brookbanks, E.O.; Bell, K.C.; Fraser, D.; Kearns, M.P.;
Sutherland, R.J. 1985. Hyperthermia in cattle
associa ted  wi th  ta l l  fescue  (Festuca  arundinacea).
NZ veterinary journal 33: 57-58.

Davies,  E.;  Lane, G.A.;  Latch, G.C.M.; Tapper,  B.A.:
Garthwaite, I.; Towers, N.R.; Fletcher, L.R.;
Pownell, D.B. 1993. Alkaloid concentrations in
field-grown synthetic perennial ryegrass endophyte
associations. Proceedings second international
symposium on Acremonium/grass interactions. Ed.
D.E. Hume, G.C.M. Latch & H.S. Easton.
AgResearch.  pp  72-76.

Easton,  H.S.; Lane, G.A.; Tapper, B.A. 1993. Ergovaline
in endophyte-infected ryegrass  pastures.
Proceedings of a symposium on “Mycotoxicoses of
Grassland Farming”, Ruakura, September 1993;
Abstract in NZ veterinary journal 41: 214.

Eerens, J.P.J. 1996. Ryegrass endophyte in a cool moist
environment.  PhD  thes i s ,  L inco ln  Un ive r s i ty .

Fletcher, L.R. 1993. Heat stress in lambs grazing ryegrass
with different endophytes. Proceedings second
international symposium on Acremonium/grass
interac t ions .  Ed. D.E. Hume, G.C.M. Latch & H.S.
Easton.  AgResearch .  pp  114- l  18 .

Fletcher ,  L.R. ;  Harvey,  I .C.  1981.  An associat ion of  a
Lolium  endophyte with ryegrass staggers. NZ
veterinary journal 29: 185-186.

Fletcher, L.R.: Hoglund, J.H.; Sutherland, B.L. 1990.
The impact of Acremonium endophytes in New
Zealand,  past ,  present  and future.  Proceedings NZ
Grassland Association 52: 227-235.

Gallagher,  R.T.;  Hawkes,  A.G; Steyn,  P.S.;  Vlegaar, R.
1984. Tremorgenic neurotoxins from perennial
ryegrass causing ryegrass staggers disorder of
l ives tock:  s t ruc ture  and e luc ida t ion  of  lo l i t rem B.
Journal Chemical Society, chemical cbmmunications
(London): 614-616.

Garner, G.B.; Rottinghaus, G.E.; Cornell, C.N.:
Testereci, H. 1993. Chemistry of compounds
associated with endophyte/grass  interaction:
ergoval ine-  and  ergopept ine- re la ted  a lka lo ids .  In :



41

Acremonium/grass Interactions. Ed. R. Joost & S.
Quisenberry .  Elsevier .  pp  65-80.

Hoveland, C.S. 1993. Importance and economic
significance of the Acremonium endophytes to
performance of animals and grass plant. In:
Acremonium/grass Interactions Ed. R. Joost & S.
Quisenber ry .  E lsev ier .  pp  3-12 .

Hoveland,  C.S. ;  Haaland,  R.L. ;  King,  C.C. ;  Anthony,
W.B.; Clark, E.M.; McGuire,  J.A.; Smith, L.A.;
Grimes,  H.W.;  Holl iman,  J .L.  1980.  Associat ion of
Epichloe  typhina  fungus and steer performance on
tall fescue pasture. Agronomy journal 72: 1064-
1065.

Kearns, M.P. 1986. Tall fescue toxicity: an investigation
of idiopathic bovine hyperthermia (IBH)  in the North
Auckland peninsula. Proceedings NZ Grassland
Association 47: 183-186.

Keogh, R.G. 1973. Herbage  growth and the grazing
pattern of sheep set-stocked on a ryegrass-dominant,
s taggers  prone pasture  during summer.  NZ journaI
of experimental agriculture I: 1-4.

Keogh, R.G.; Tapper, B.A. 1993. Acremonium lolii,
lolitrem B and peramine  concentrations within
vegetative tillers of perennial ryegrass. Proceedings
second international symposium on Acremoniuml
grass interactions: Ed. D.E. Hume, G.C.M. Latch
& H.S. Easton.  AgResearch.  pp  81-84.

Lyons, P.C.; Plattner, R.D.; Bacon, C.W. 1986.
Occurrence of peptine  and  c lav ine  e rgo t  a lka lo ids
in tall fescue. Science 232: 487-489.

Pratt ,  A.D.;  Haynes,  J .L.  1950.  Herd performance on
Kentucky  3 1  fescue. Ohio farm home researc’h  35:
10-11.

Rowan,  D.D.; Tapper, B.A.; Sergejew, N.L.; Latch,
G.C.M. 1990. Ergopeptine alkaloids in endophyte-
infected ryegrasses  and fescues in  New Zealand.
Proceedings international symposium on Acre-
monium/grass  interactions Ed. R. Joost & S.
Quisenberry .  Louis iana Agricul tura l  Exper imental
S ta t ion .  pp  97-99 .

Sutherland, R.J. 1984. Ideopathic  bovine hyperthermia.
Surveillance 11:3:  16-l 7.

Tapper, B.A. 1993. A New Zealand perspective on
endophyte metabolites. Proceedings second
international symposium on Acremonium/grass
interactions: Plenarypapers. Fd. D.E. Hume, G.C.M.
Latch  & H.S. Easton.  AgResearch.  pp  89-93.

Woodburn,  O.J . ;  Walsh,  J .R.;  Foot ,  J .Z. ;  Heazlewood,
P .G.  1993.  Seasonal  e rgoval ine  concent ra t ions  in
perennia l  ryegrass cul t ivars  of  d i f fer ing endophyte
s ta tus .  Proceedingssecond internat ionalsymposium
on Acremoniu&grass  interactions. Ed. D.E. Hume,
G.C.M. Latch & H.S. Easton.  AgResearch.  pp lOO-
102.

n


