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Endophytes and hest tolerance in lambs grazing perennial ryegrass

L.R. FLETCHER, L.J MARKHAM’

Abstract

Endophytes in perennid  ryegrass protect their hosts
against attack by Argentine stem weevil but cause
adverse affects, including heat stress, in grazing
animals. Ten lambs were grazed on Grasslands
Nui ryegrass without endophyte or with its wild-
type or a high ergovaline-producing endophyte
(196). Five lambs from the 196 treatment were
swapped for 5 on the endophyte-free treatment
after 20 days. Rectal temperatures and respiration
rates were measured daily; on one day they were
measured every 2-4 hours. There was a significant
difference in respiration rate and body temperature
between lambs grazing endophyte and endophyte-
free treatments but not between the two endophyte
treatments. There was no interaction with ambient
temperature within the range 12-30°C. When
lambs where transferred from toxic to non-toxic
treatments there was no significant decrease in
body temperature or respiration rate within 14 days.
Ergovaline, even at low concentrations, affects
thermo-regulation in lambs and is undesirable in
perennial  ryegrasslendophyte associations.
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(Fletcher 1993b; Thompson & Stuedemann 1993,
Rowan € al. 1990). Ergovdine is the most abundant of
these dkdoids in tdl fescue and ryegrass and is a vaso-
condrictor which can lead to reduced blood flow to the
&in and peripherd tissues in animads grazing toxic
pastures (Berde & Schild 1978; Rhodeset al. 1989;
Belekey et al. 1988). This reduction in blood flow is
believed to be responsible for increased body
temperatures and respiration rates (Stuedemann &
Thompson 1993). These symptoms of thermo-
regulatory dysfunction in animals grazing ryegrass/
endophyte associations were first noted in lambs
grazing an association with a high ergovaline
concentration. However, there were also significant
effects in lambs grazing wild-type associations  which
have lower ergovdine concentrations (Fletcher 1993b;
Davies et al. 1993).

Little is known of the interaction of these toxic
asocigtions  with  short-  and  long-term ~ fluctuations  in
environmental  conditions and the response in  animas
grazing such associations.  Furthermore, the lag time in
anima response  after introduction and removd to and
from toxic pastures has not been <udied for the different
ryegrassliendophyte associations. Although increased
repiraion rate is a normd thermo-regulatory  response
to increesng body temperaiure the relationship between

ergovaline, heat stress, Lolium perenne, respiration
rate

Introduction

Perennid  ryegrass (Lolium peremne L.) is diill the basis
for the mgority of New Zedand's improved pasiures.
Most of this ryegrass is infected with an endophyte
which protects it agangt the pesture pest Argentine
stem weevil (Listronotus bonarienss Kuschel).

--However, these same ryegrassiendopbyte associations

are responsible for a number of toxic responsesin
grazing livestock including reduced liveweight gains,
ryegrass daggers, decressed prolactin levels, increased
faecal moisture, dags and flystrike and increased body
(rectd) temperatures and respiration rates (Fleicher et
al. 1990; Fletcher 1993a). Several of these toxic
repponsss, including increesed  body  temperaiures  and
respiration rates, also occur in animals grazing tall
fescue/endophyte asocigions. They ae dmogt certainly
caused by ergopeptine akeoids which are produced by
both ryegrass and tdl fescue endophyte associations

respiration rate and body témperature in-animals grazing
these toxic ryegrasdendophyte associations is  unclear.

This paper reports on some of these reaionships
and effects and discusses their implications for the
pedord indugry and future research.

Materials and methods

Thirty unshorn  cryptorchid  Coopworth  lambs, with an
average liveweight of 30 kg were dlocated to 3 groups
o 10, exch with smilar mean liveweights, base body
temperatures and respiration rates. All lambs were
identified individudly and were then grazed a one
mob on endophytefree ryegrass/white clover pasture
for 4 weeks. They had been grazing endophyte-free
pasiures for a least eight weeks prior to their selection.
During the last week of this pretrid grazing period
body temperaiures and respiraion rates were recorded
daly for dl lambs. This was to edtablish base rates for
these paamgers over a range of ambient conditions.
On 10 January 1994 & the end of this pretrid period
the lambs were faged for 24 hours weighed and then
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each group of 10 wes st socked & 100/ha on exch of
the three trestments. Paddocks (trestments) were sdlected
on the sown ryegrass/endophyte association; ergovaine
levels had been determined over summer and autumn in
previous years (Table 1).

Table1  Treaments and their higtory of ergovaine concen-
trations.
Treatment  Endophyte Ergovaline concentration ppm
Mar/Apr 92  Jan 93 Mar 93
| 196 4.2 1.4¢ 2.3
2 Wildtype 1.7 1.0% 1.4"
3 Nil o° ob 1

Values within a column with different superscripts are significantly
different at P<0.05.

Ergovaline concentrations and the differences
between trestments varies over the season and tends to
be higher in autumn than in summer.

The trid was conducted & Lincoln in January 1994,
on 2-yea-old pure Gradands Nui ryegrass pagures.
Any clover or weeds were sprayed out with 1 litre of
Versatil/ha 6 weeks before grazing. There was an average
of 4800 kg/ha of herbage on each 0.1 ha paddock & the
begimning of the tid, with no Sgnificant difference
between trestments. Nitrogen was applied a urea in 3
slit applications of 40 units N/ha in spring 1993,

Rectal temperatures and respiration rates were
recorded daly for individud animas on al treatments,
between 1100 and 1300 hours, for the 35 days the
lambs were grazing the trid, usng Becton Dickonson
digital clinical thermometers with a range of 32°C-
42°C. Respiration rates were measured by counting the
number of respirations in 30 sec. usng a programmable
laboratory timer, with an audible dam. Lambs were
minimdly redraned in specidly condructed herring-
bone type bails during sampling and were off their
paddocks for a maeximum of 15 minutes

Within the 35-day messurement period there was
one 32-hour period of more intensive measurement.
Between 1300 hours on 26 Jenuay and 2100 hours on
27 Januay body temperatures and respirdtion rates were
recorded every 2-4 hours to detemine the diumnd  effect
on anmd response.

On 29 January 5 lambs from treatment 1 were
swapped with 5 lambs with similar mean base
temperatures and respiration rates from tresment 3 and
measurements  continued  daily for 10 further days plus
one sampling on 14 February.

Meteorological data recorded each hour was
collected at appropriate times from an automatic
meteorologicd  dtation located within 1 km of the trid.

Ambient temperature was also recorded at regular
intervds on dte a each sampling.

Results

The lambs had grezed ther paddocks to a low resdud
by the end of the 35 day grazing period leaving a meen
redud of 1200 kg/DM/ha. At such low dlowances the
intake of lambs would have been redricted for a lesst
the last 10 days of the trid. Most lambs grazing treatment
2 had developed severe ryegrass daggers by the last
week of the trial while those on treatments 1 and 3
showed no symptoms of saggers. All lambs lost weight
during the trid but those on trestment 2 lost more.

Mean ergoveline concentrations teken  from  eight
sampling days during the trid (Table 2) were smilar to
previous years a the same time (Table 1). There was a
sgnificant  difference  between trestments 1 and 2 hut
concentrations  on treatment 1 were much lower than
pek concentrations on the same trestment in autumn
1992 (Davies e al. 1993).

Table 2 Ergovaine concentrations (ppm) during tria 10/1/94
- 14/2/94 (mean of 8 day9)

Treatment Endophyte Ergovaline concentration
Mean Range

| 196 2.1 13+36

2 Wild-type 09 0.6 -2.2

3 Nil 0 0

Means of each treatment all differ significantly from each other
(P<0.05)

Body temperaure and respiration rates  incressed
as ambient temperature increased but there was no
difforence  between the three groups of lambs grazing
the endophytefree pesture in the 7 day pretrid period.

Over the period 10-29 January covering an ambient
temperature range of 15-28°C, there was a smdl but
significant (P<0.001) difference in both body
temperature and respiration rate between the lambs
grazing trestment 3 and those grazing treaments 1 and
2 hut thee was no ggnificant difference between the
lambs grazing trestments 1 and 2 (Figure 1 ). There was
no dgnificant interaction of trestment with  ambient
temperature  within  the range of 15°C-28°C  dthough
respiration rates in lambs from trestment 3 tended to
increase more rapidly with increasing ambient
temperature.  Although body temperature and  respiration
rae increesed with increedng ambient temperature only
504% and 48.3% (P<0.001) respectively of the day-to-
day vaiation in the fidd was due to ambient temperaure.
There tended to be a closer reaionship between ambient
temperature and  both body temperature and  respiraion
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raes in lambs from treament 3 than in
lambs from other trestments.
Vaidion due to other ewironmentd

Figure 1

Relationship between ambient temperature and respiration rate and
body temperature in lambs grazing 3 ryegrassfendophyte associations.

vaidbles in the fidd such as humidity,

Body temperature

wind, and solar radigtion were smdl and
not significant alone; however, their
combined influence in conjunction  with
ambient temperature could account for
much of the variaion.

During the 32-hour intensve sampling
period there were again significant
differences in body temperature and
respiration rate between treatment 3 and
treatments 1 and 2 but no difference
between trestments 1 and 2 (Figure 2).
Differences were significant at all
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sampling times for respiration rate. The
differences varied throughout the day with

changing ambient conditions and were
gretest in ealy morning and  afternoon.
The significant differences in body
temperalures  or respiration rates  between
lambs from trestment 3 and trestments |
and 2 remained overnight despite temp-
eraures fdling below 10°C.

When the five lambs from trestment
1 were exchanged with the five lambs
from tredment 3 the body temperaures
of those trandferred to treatment 3 initidly

R iration rat e/0 sec.

rose above that of those remaining on
treatment 1 while those transferred to
tretment 1 fel in comparison with those

25
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day two the temperatures of lambs
trandferred to ftresment 1 began to rise
in comparison to those remaining on
trestment 3 while those trandferred to trestment 3 fell
in comparison with those remaining on trestment 1.
The body temperatures of those transferred to
treatment 1 were significantly higher than that of
those remaining on treament 3 right through to day
14 dter the crossover. Although the temperatures of
those transferred to treatment 1 tended to fall, up
until day six the temperature difference from those
remaning on trestment 3 was not sgnificant. From
day six temperatures rose again in comparison to
those on treament 1 Overdl there was a sgnificant
increase in body temperatures of lambs trandferred to
treatment 1 but no significant recovery in lambs
tranderred to tretment 3. There was a wide vaiaion
in respiration rates in lambs transferred between
treatments with no significant differences between
lambs transferred and those remaining on  treaments.

Changes in body temperature over the 35-day

grazing period accounted for 656% (P<0.001) of the
change in repirdion rate of lambs in the fidd.

Discussion

Lambs were used in these studies because of their
importance to the padtord industry and because their
smal sze make thema witable modd for other grezing
animals allowing greater replication and making
sanpling esder and less sressful.

This research should be repested with lactating dairy
catle as they ae paticulaly senstive to heat stress and
tend to have a higher metabolic rate with consequent
higher heat production (Mount 1979).

The mean body temperature of lambs grazing the
endophytefree  tresiments was lower during the trid
peiod than the pretrid peiod over a smilar range of
ambient temperatures. The maturity of the ryegrass
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and the absence of clover in thetrial
created lower quality pastures. This
lower qudity is believed to have lead to
lower energy production, which was
reflected in the lambs losing weight.
Reduced heat production lowers the

Figure 2 Effects of time of day (diurnal variation) and ambient temperature on

respiretion rate and body temperature in lambs grazing 3 ryegrass

end

ophyte associations.

LSD a 5% = 0.24 for body temperatures and 124 for respiration

rate

*
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thermo-regulatory challenge which in
turn would reduce the difference

Ambient temperature

between the endophyte and  endophyte-
free trestments (Mount 1979). Inteke is
beieved to have had a mgor influence
on initid changes in body temperatures
of lambs which changed trestments in
the crossover trid.

The unexpected increase in temp-
erature of lambs transferred to the
nontoxic trestment 3 is condstent with
a udden increase in intake on the more
palatable ryegrass while the. initial
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al influence thermo-regulation in
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As the ambient temperature incresses
adove an animd’'s themo-neutrd  zone
there is an increasing reliance on
evgpordtive heat loss to regulate the body temperature.
Evaporative heat loss reduces as humidity increases.

The toxic effects of endophyte and egovdine on
respiration rate, body temperature and other related
responsss occurred over the norma range of maximum
sring summer and autumn temperatures in  Canterbury.
At the lower range of ambient temperaure (thermo-
neutrd zong) and humidity thee effects may have little
effect on production but the potential increases as
ambient temperature and  humidity  incresse.

Relaive humidity on the trid ste, laitude 43" 38S,
a& 2r°C in Jnuay was 49% (men of 3 days) wheress
in North Auckland (Wakworth Met. dation  number

—

AB4463 latitude 36" 268) it was 83% at a similar
temperature in the same month. Severe heat dress has
been observed in dairy cows grazing wild-type
endophyte/ryegrass associations in warm humid
conditions in North Auckland and Northland (M.
Anderson  (velerinarian)  pers  comm)

There is the potentid for animas grazing current
ryegrass/endophyte associations to develop various
degrees of heat stress depending on geographical
location and climatic conditions and this may explain
some of the varigbility in summer and autumn ill-thrift
syndrome.

The toxic potential is not redricted to the ryegrass/
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endophyte associations  with  a  ‘high'
ergopeptine  akadoid content but applies
equaly wel to wild-type associations.
This is evident from the reslts of this
study where the response in lambs

dmilar to those on the ‘high’ ergoveine

Figure 3 Change in body temperature, over time, of five lambs exchanged
between 196 and Nil endophytelryegrass associations shown as
devigions from meen body tempedwre of the five lambs remaning on
the original treatment.

0 ony ads = Not different to 5 lambs remaning on pm-change tregtmen.
grazing the wild-type treatments was * =

sonificantly different (P<0.05) from original trestment

tredments however other reseach  has
shown a dgnificant  differences  between 957
lambs grazing theee ryegrass/endophyte
asocidions  (Hetcher  1993h).
Significant responses have been
recorded in lambs grazing ryegrass/
endophyte  associations  with  ergovdine
concentrations of 0.5 ppm (Fletcher

unpubl.). The threshold level of
egovdine above which there is little
increase in respiration rate or body
temperature is less than 2 ppm (Fleicher 03

Change in body temperature °C
s b e
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unpbl). The similar response of animals
on treatment 1 and 2 of this trid supports
this.
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Any anima heath, welfare or
production response to increased
ambient temperature  which is mediated
through incressed  body temperature or respiration rae,
such asintake or heat stress, will occur at alower
ambient temperature in animals grazing ryegrass/
endophyte associations which produce ergopeptine
dkaoids.

Increased respiration rates are anormal thermo-

dso highlight the importance of endophytefree rather
thanlow-endophyte controls in  endophyte  related-animal
studies.

An underganding of the mechanisms through which
the endophyte toxins affect physiologicd —mechanisms
will dlow improved pasure and animad  management

regulatory response to i ncreased-bay Temperature in e maximise —productior

sheen, however the 34.4% difference in respiration rate
not accounted for by body temperature suggests that a
least some of the effect of ryegrass/endophyte
associations and their toxins may be a direct toxic
response rather than a response to increased body
temperature.

Although further research into recovery time in
aimas removed from toxic pestures is needed, the
dbsence of a dear donificant recovery in the lambs

tranderred from tresment 1 (toxic) to trestment 3 (non-

toxic) hes implications for current and future research.
It chalenges the validity of using animads which have
recently grazed ryegrass/endophyte associations as
experimentd  subjects  in endophyte-related  research.
A dgnificant anima response to low  concentrations
of ergovdine coupled with sgnificant responses in lambs
grazing wild-type associations suggests that any
ergovaline is undesirable in our current wild-type
endophytelryegrass associations and future ryegrass/
endophyte associations if we are to continue to improve
animal health and production on ryegrass. Animal
reponses & low levds of endophyte and ergovaing,

Endophytes which do not produce lolitrem B or
ergopeptine alkaloids have been identified (Latch
pers.comm,; Christensen et al. 1993).These should
eliminate the potential for heat stress and ryegrass
daggers and improve anima  production from ryegrass
in the future
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