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ABSTRACT

Watson, R.H. 2000. Endophytic perennial ryegrass and reproductive performance of the ewe.
PhD thesis, Massey University, Palmerston North, New Zealand, 224 pp.

A series of grazing and indoor trials were conducted to investigate the effects of perennial
ryegrass infected with Neotyphodium lolii and its toxins on the reproductive performance of
the ewe. Comparisons made were in ovulation rate, conception rate, lambs carried at scanning
and lambs born per ewe, milk production and lamb growth rate between groups of ewes
grazing either endophyte-infected (E+) or endophyte-free (E-) perennial ryegrass. Differences
in ewe liveweight and its relationship with feed intake were also determined. More intensive
trials were conducted to examine the effects of endophyte toxins on the endocrine systems

that regulate the oestrous cycle and lactation.

In a 4-year grazing trial in the Manawatu there were no significant differences in ovulation
rate, conception rate, scanning % or lambing % between the E+ and E- groups in any year of
the trial. Mean mating date was 1.8 days later (P<0.05) in the E+ group than in the E- group.
There was a greater (P<0.05) proportion of non-pregnant (dry) ewes in the E+ group
compared with the E- group (14% vs 6% respectively) over the entire trial period (1996-

1999), but no significant difference in any of the other parameters.

Ewes in the E+ group had lower liveweights (P<0.001) than ewes in the E- group throughout
the duration of the trial. Ewe liveweight was a significant (P<0.05) source of variation in
ovulation rate in the E+ group in 1998. The growth rate of single and twin lambs between
birth and nine weeks of age was lower (P<0.01) in the E+ group than the E- group in 1998

only.

Cumulative milksolid yields were lower (P<0.05) in the E+ single- and twin-rearing ewes

compared to the E- single and twin-rearing ewes in 1997.

E+ ewes had more faecal soiling (dags) (P<0.05), lower serum prolactin at mating (P<0.05),
had higher rectal temperatures during summer (P<0.05) than E- ewes, and left greater

postgrazing dry matter residues in autumn (P<0.05).
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In two grazing trials in Northland (1998 and 1999), there were no significant differences in
ovulation rate, conception rate or the number of lambs carried per ewe at scanning between
ewes grazing E+ ryegrass and ewes grazing E- ryegrass. Serum prolactin was significantly

(P<0.05) lower in E+ ewes than in E- ewes in 1999 but was not different between the two

groups in 1998.

E+ ewes lost significantly (P<0.05) less weight than the E- ewes prior to mating in the1998
trial, which was due to the poor establishment of the new E- pasture and hence low dry matter
production. However, E+ ewes lost significantly (P<0.05) more weight than E- ewes prior to,
and during mating, in the 1999 trial.

Reproductive results obtained in these trials were confounded by inadequate control over

experimental conditions.

In a further trial in Northland, twin-bearing/rearing ewes grazing E+ ryegrass pasture were
lighter than E- ewes prior to, and during lactation. Lambs reared by the E+ ewes had (P<0.05)
lower liveweight gains between docking and weaning, and lower weaning weights than lambs

reared by the E- ewes.

A trial was conducted where daily blood samples were collected for approximately one
oestrous cycle (21 days) from synchronised ewes (n=20) grazing either E+ or E- ryegrass to
measure levels of serum prolactin (PRL), luteinizing hormone (LH) and progesterone.

Serum PRL levels were (P<0.01) lower in the E+ ewes than in the E- ewes during the oestrous
cycle, and the pre-ovulatory PRL surge was completely abolished in the E+ ewes. Serum LH
levels were not different between the E+ and E- ewes, however, this may have been due to the
sampling regime not being able to eliminate the effects of diual variation in LH secretion.
The profile of serum progesterone secretion was significantly (P<0.05) different between the

E+ and E- ewes.

Two trials were conducted to examine the effects of the endophyte toxin, ergovaline, and
ambient temperature on the major hormones regulating parturition and mammogenesis in
pregnant ewes. Serum PRL levels were (P<0.0001) lower in ewes fed diets containing
ergovaline (Ev+) than in ewes fed ergovaline-free (Ev-) diets at high (30°C) ambient
temperature. Serum progesterone levels were (P<0.001) lower in Ev+ than in Ev- ewes at both

high and low (18°C) ambient temperature. There were no differences in serum cortisol levels
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between any group of ewes. Serum insulin levels were (P<0.01) lower in the Ev+ ewes than in
the Ev- ewes in the low ambient temperature treatment but were not different between the
groups of ewes at high ambient temperature. High ambient temperature (P<0.1) reduced

serum insulin levels in the Ev- group.

High ambient temperature significantly (P<0.001) increased PRL and depressed progesterone
levels in both Ev+ and Ev- ewes, and significantly (P<0.1) depressed insulin in the Ev- group
only. There was a significant (P<0.001) Ev X temperature interaction for PRL and

progesterone.

Mammogenesis and lactogenesis were completely abolished in the Ev+ ewes at high ambient
temperature but there appeared to be no difference between the Ev+ or Ev- ewes at low
ambient temperature. Ev+ ewes at both high and low ambient temperature exhibited

abnormally hostile behaviour towards their offspring that was not observed in the Ev- groups.

Rectal temperatures were higher (significant, P<0.001) in the Ev+ ewes than in the Ev- ewes

in Trial land in the high temperature treatment in Trial 2.

A grazing trial in which slow release chromium oxide tracer was administered to ewes and
lambs grazing either E+ or E- ryegrass pasture showed that feed intakes were significantly
lower in the ewes and lambs grazing E+ ryegrass compared with ewes and lambs grazing E-
ryegrass. Differences in feed intake between the E+ and E- groups were related to liveweight

and liveweight change.

There were also differences in grazing behaviour between the E+ and E- groups. Ryegrass
components of the pasture, and especially the leaf-sheath, were less acceptable to ewes and

lambs grazing E+ than E- pastures.

It is concluded that the toxins produced by the endophyte, N. lolii, commonly found in
perennial ryegrass, have the potential to reduce fertility, milk production, lamb growth rate
and the liveweight of ewes. The range of toxin levels normally associated with E+ ryegrass
pastures appears to be too low to cause large negative effects on reproductive performance.
However, some small effects were observed such as a delay in mating, a reduction in milk

production, and a higher incidence of dry ewes in ewes grazing E+ ryegrass pasture.



Ewes and lambs grazing E+ ryegrass pasture have lower liveweight gains, which is associated
with lower voluntary feed intakes. Chronically lower liveweight in ewes associated with

grazing E+ ryegrass is likely to reduce life-time performance of the ewes.
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General introduction

The fungal endophyte (Neotyphodium lolii Latch, Christensen & Samuels) exists in a
symptomless and mutualistic association within perennial ryegrass (Lolium perenne L.).

The presence of a fungal endophyte in perennial ryegrass was reported in New Zealand by
Neill (1941). Researchers at the time concluded that there were no adverse effects of the

endophyte presence on animal performance (Cunningham, 1958).

It was not until forty years later that the significance of endophyte presence in pasture to

animal production was discovered.

The association of the endophyte Neotyphodium coenophialum in tall fescue with a specific

range of animal health problems was first noted by Bacon et al. (1977).

It has since been verified in several reports that N. coenophialum is responsible for the range
of symptoms that are collectively referred to as fescue toxicosis. These symptoms include
reduced liveweight gains, increased body temperature, rough hair coat, gangrenous necrosis
of tissue in feet, tail and ears, reduced milk production and reproductive performance

(Thompson & Stuedemann, 1993).

Not long after the discovery by Bacon, an association was noted between the presence of V.
lolii in perennial ryegrass and ryegrass staggers in sheep (Fletcher & Harvey, 1981). Ryegrass
staggers is a neuromuscular disorder that affects several species of domestic animal grazing
ryegrass pastures in the summer and autumn (Gallagher et al., 1977). The endophyte toxin,
lolitrem B, produced by N. lolii in perennial ryegrass has since been identified as the major
causative agent of ryegrass staggers (Blythe et al., 1993). Staggers are not exhibited in
animals grazing E+ tall fescue because N. coenophialum does not produce lolitrem B or other

neurotoxins.

Ergovaline, which is the principle ergopeptine alkaloid implicated in E+ fescue toxicosis, has

also been detected in E+ ryegrass pastures, although at lower levels (Rowan & Shaw, 1987).
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It is, therefore, possible that many of the animal health problems observed in animals grazing
E+ tall fescue will also occur in animals grazing E+ ryegrass. Closer examination of animals
grazing E+ perennial ryegrass has identified similarities to many of the toxicoses observed in
animals grazing E+ tall fescue. These similarities include reductions in weight gain, depressed
serum prolactin and increased body temperature in sheep (Fletcher et al., 1999). Lower milk
production has been observed in cows grazing E+ ryegrass pastures compared with E-
pastures (Blackwell & Keogh, 1999). Cattle in Northland, New Zealand, grazing E+ ryegrass
pastures also frequently suffer from heat stress in the summer months in much the same way

as cattle grazing E+ tall fescue (Easton et al., 1996).

The fact that perennial ryegrass exists in nature in an endophyte-free state would appear to
offer a solution to the animal health problems. However, shortly after it was shown that
endophyte was responsible for these animal disorders, Gaynor et al. (1985) found that the
endophyte alkaloid, peramine, offered protection to the ryegrass plant against attack from
argentine stem weevil (Listronotis bonariensis). Subsequent research has shown that
peramine and other endophyte toxins (Prestidge and Ball, 1996) may also adversely affect

several other species of insect pest.

It is, therefore, considered necessary for endophyte-infected ryegrass seed to be sown to
ensure the persistence of pastures under many of New Zealand’s environmental conditions
and insect pest pressures encountered in them. This requirement for endophyte has resulted in

the widespread use of endophyte-infected ryegrass throughout New Zealand.

Poor reproductive performance is a major problem in horses, cattle and sheep grazing E+ tall
fescue pastures (Porter & Thompson, 1992). This poor reproductive performance is generally
characterised by lower numbers of offspring born per female mated (reproductive rate),
reduced milk production and lower growth rate of offspring. Given the reported presence of
some similarities between E+ tall fescue and E+ ryegrass in animal toxicosis, it is possible
that E+ ryegrass may also affect reproductive performance in similar ways to E+ tall fescue.
The effects of grazing E+ ryegrass on the reproductive performance of grazing animals are yet

to be fully investigated. In the case of sheep, even reports on the effects of E+ tall fescue on

reproductive performance are sparse.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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Reports prior to the present study had not observed significant differences in the number of
lambs born between ewes grazing E+ and E- ryegrass pasture (Eerens et al., 1994; L.R.
Fletcher, personal communication). However, these trials were not specifically designed to
examine reproductive performance, and the study by Eerens et al. (1994) was conducted in a

cool, moist environment where the adverse effects on animal performance may be reduced.

The reproductive performance of New Zealand ewe flocks is considered to be well below
their potential (Knight, 1990). Given that the majority of these flocks are grazing E+ ryegrass-

dominant pastures it is possible that at least some of this reduction in performance may be due

to endophyte toxins.

Despite the growing evidence that reproductive performance may be reduced in animals
grazing E+ pasture, many of the underlying mechanisms by which endophyte toxins cause
these reductions remain unclear. Many of the toxins produced by endophytes have been found
to have a wide range of physiological activity (Oliver, 1997) and much of this activity is
associated with functions that directly affect the reproductive system. These activities may

include important factors such as hormone regulation of the oestrous cycle, parturition and

lactation.

Poor ewe and lamb liveweight gains associated with grazing E+ tall fescue and E+ ryegrass
pastures may have adverse effects on reproductive performance and should, therefore, be part

of any investigation on the effects of E+ ryegrass on reproductive performance.

The importance of the sheep industry to New Zealand, and the current reliance on E+
perennial ryegrass, make it vital to examine any possible losses in productivity due to the
presence of endophyte and endophyte toxins. A major contributing factor to production losses
due to grazing E+ ryegrass, may be poor reproductive performance of ewes grazing these
endophyte-infected pastures. It is important that the size and nature of the effects of E+
ryegrass on all aspects of sheep reproduction be determined so that ways to effectively treat

and/or prevent any such problems can be developed and implemented.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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Review of literature

1. Introduction

The few reports on the effects of endophyte on reproductive performance in grazing animals
have mostly been associated with tall fescue (Festuca arundinacea Schreb.) pastures in North

America infected with the endophyte fungus Neoryphodium coenophialum.

Reduced reproductive efficiency and weight gains (Hoveland, 1992) are common
consequences of grazing N. coenophialum-infected tall fescue. The effects of endophyte-
infected (E+) tall fescue on reproductive performance have been examined in many species of
grazing livestock and in laboratory animals and results have varied greatly between species

and the ways in which the effects are manifested.

This review covers the currently published reports on the effects of grazing endophyte-
infected pasture or endophyte toxins on the reproductive performance of the major species of
domestic grazing animals and laboratory animals. Almost all of these reports are associated
with E+ tall fescue. However, the similarities in toxin production with E+ perennial ryegrass
(Rowan et al, 1990) make these reports relevant to the present study. The established
endocrinological and physiological effects of the major groups of endophyte toxins associated
with animal toxicoses are also reported with reference to the possible direct or indirect
implications to reproductive performance. The review also includes the effects of E+ pasture
on milk production and liveweight gain as integral components of reproductive performance.
Finally, production of the major toxins involved in animal toxicosis by E+ perennial ryegrass

1sreviewed.

2. Effects of endophyte on equine fertility

The effects of E+ tall fescue on reproduction in the horse are particularly severe and are well

documented.
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Reproductive dysfunction in horses grazing tall fescue was reported before the endophyte was
implicated as the cause. A survey in Missouri, involving 298 horse farins and 1010 mares,
reported that 26.8% of the farms with tall fescue had reproductive problems with mares
compared to only 11.5% of farms using other forage systems (Garrett et al., 1980). This
survey indicated that 53% of mares grazing tall fescue pastures were agalactic, 38% had
prolonged gestation, and 18% lost foals because of prenatal mortality. In 1981, Harper &
Henton reported information provided by some horse owners that suggested horses grazing
tall fescue frequently had reproductive problems. The most common reproductive disorders
observed were agalactia, thickened placentas, spontaneous abortion, dead or weak foals at
birth, and rebreeding problems. This same study reported that 27% of mares grazing tall
fescue pastures had some type of reproductive problem compared with reproductive problems
in only 9% of mares grazing pastures without fescue. Poppenga et al. (1984) described mare
agalactia, placental thickening, and high foal mortality associated with E+ tall fescue and
Taylor et al. (1985) reported similar reproductive abnormalities. A study of horse farms in
Kentucky indicated that as many as 40% of mares grazing E+ tall fescue had reproductive

abnormalities (Barnett, 1985).

When the endophyte (N. coenophialum) in tall fescue was shown to be associated with
summer toxicosis in cattle (Hoveland et al., 1980; Hoveland et al., 1983), it was assumed the
fungal endophyte was the putative agent in horses. Since a role for endophyte in these
reproductive problems was indicated, studies have been conducted examining the effects of

the endophyte on reproductive performance in the horse.

Putnam er al. (1991) examined the effects of fungal endophyte in tall fescue on pregnant
mares and foetal viability. This study found that ten out of eleven mares grazing E+ tall fescue
had obvious dystocia compared with no mares with dystocia in the endophyte-free (E-) tall
fescue treatment, and foal viability was severely reduced (Table 2.1.). Foals born to mares
grazing the endophyte-infected grass were described in this study as dysmature, with
overgrown hooves, poor and irregular incisor eruption, long hair coats and large and poorly

muscled skeletal frames. Placental abnormalities included oedema, fibrosis, and mucoid

degeneration.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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Table 2.1. Effects of consuming tall fescue infected with endophyte fungi on pregnant mares

and their foals (Putnam er al., 1991)

E- E+
(n=11) (n=11)

Foals carried to term 11 11
Foals alive at birth 11 3
Foals surviving natal period 11 |
Number of mares with 0 10
dystocia
Mares surviving 11 7
Mares lactating 11 1

The mean duration of gestation was significantly greater for animals in the E+ treatment,
being on average 20 days longer than in the E- treatment. This study strongly implicated the
presence of endophyte as the causative agent of reproductive problems and perinatal foal

mortality in pregnant mares grazing tall fescue.

All these studies indicate that the major effects of the endophyte on the horse are associated
with pregnancy and the subsequent lactation. It is believed that many of the effects of

endophyte on horse reproduction are caused by ergopeptine alkaloids produced by the fungus.

Very little information exists relative to the effects of endophyte on the reproductive system of
stallions. It is possible that maintaining stallions on E+ pasture during the breeding season

could reduce semen volume (Cross, 1997).

3. Effects of endophyte on bovine fertility

The effects of grazing E+ perennial ryegrass and tall fescue pastures have also been examined
in cattle. However, this has been done almost exclusively with cattle grazing E+ tall fescue.
Reduced reproductive efficiency in cattle grazing E+ tall fescue is part of a syndrome often

referred to as fescue summer toxicosis.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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Cows grazing E+ tall fescue have had significantly reduced calving rates compared to cows on
E- tall fescue. Boling (1985) found that calving rates for cows grazing E+ tall fescue were
67%, compared with 86% for cows grazing E- tall fescue. Schmidt et al. (1986) reported
pregnancy rates of 96% for cows grazing E- but only 55% for cows grazing E+. This study
also found that conception rates were correlated with the level of endophyte infection with a
3.5% decrease in conception rate for every 10% increase in the level of endophyte infection.
Washburn e al. (1989) found that conception rate with artificial insemination was reduced at
the first service in heifers grazing E+ forage compared with heifers grazed on E- forage (45 vs
75%). Several other reports have found that cows grazing E+ tall fescue have had significantly

lower calving rates (Gay et al., 1988; Essig et al., 1989; Tucker et al., 1989; McDonald,
1989).

Grazing E+ forage has been shown to affect the onset of puberty in cattle. Puberty was
delayed in Angus heifers raised on E+ fescue (Washbumn et al., 1989, 1991). The first
sustained increase of serum progesterone was used to determine puberty and these values
indicated that 0 vs 32% (1% year), 26 vs 53% (2" year) and 5 vs 26% (3™ year) of heifers

reached puberty at 15 months in the E+ and E- treatments respectively.

The effects of endophyte on ovarian gamete maturation, ovulation, gamete transport, and

embryo attachment are unknown (Porter & Thompson, 1992).

The effects of endophyte on reproduction have also been investigated for bulls. Results from a
trial feeding E+ tall fescue hay to Holstein bulls indicated that the presence of endophyte in
forage did not appear to have severe detrimental effects on body growth or reproductive
development (Evans et al., 1988). However, Alamer & Erickson (1990) reported that the
endophyte reduced GnRH-stimulated testosterone secretion in 3 month old bulls. Bass et al.
(1977) found that bulls grazing E+ perennial ryegrass had lower serum testosterone levels that

coincided with severe ryegrass staggers. It is, therefore, possible that endophyte-infected grass

may impair testicular function.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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4. Effects of endophyte on laboratory animal fertility

The effects of endophyte have been examined in various species of laboratory animal.

4.1. Rats

A trial by Daniels er al. (1981) in which female rats were fed a toxic tall fescue extract for 42
days starting at the 7 day of pregnancy, resulted in only two of the seven rats giving birth to
live young. One of these litters contained only five pups, with one being still born. Three of
the seven rats aborted, one gave birth to seven stillborn pups and one female died during birth.
All female rats fed the non-toxic diet gave birth to normal litters. Female rats fed diets
containing tall fescue seed with 40% endophyte infection had decreased mean body weight of
uteri, failed to maintain normal oestrous cycles, which were in most cases either extended or
stopped completely, and did not become pregnant (Vamey et al., 1987). This study found no
alteration in conception rate, however, there was a reduction in number of embryo

implantations in the rats fed the toxic seed.

Endophyte has also been shown to affect fertility in male rats. Male rats fed tall fescue seed
infected by an endophyte fungus had retarded gonadal and epididymal development,

depressed sperm production ability, and lower testicular weights (Zavos et al., 1986).

4.2. Mice

The presence of endophyte in the diet has been shown to cause reproductive dysfunction in
mice. Male and female CD1 mice fed diets containing different amounts of E+ (80%
infection) tall fescue seed showed increased negative effects on the number of pups born per
litter and weight of the pups as the proportion of E+ seed in the diet increased (Zavos et al.,
1987a; 1987b). This study showed that the reproductive capacity of both male and female was
affected. The effects of feeding E+ tall fescue seed to mice dams during gestation and
lactation, on the subsequent growth and sexual maturity of their male and female offspring has
been examined (Vamey et al., 1991a). This study showed that female pups born to dams fed
diets containing the infected tall fescue seed weighed significantly less that those born to the

control dams. Varney et al. (1991b) showed that the congenital effects on mice pups bomn of

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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dams fed E+ diet was significant in lowering the growth rate of the pups during suckling. The

dam’s ability to provide nourishment to pups was also lowered.

These studies conducted with mice have found that females appear to be more prone to

reproductive dysfunction than males when consuming diets containing E+ tall fescue.

4.3. Rabbits

Daniels ez al. (1984) examined the physiological responses in pregnant white rabbits fed an
extract of E+ tall fescue. This study showed that rabbits given the fescue extract lost body
weight rapidly, had elevated body temperature and respiration rate. In addition, does given the
toxic extract aborted or gave birth to stillborn pups. Pups bomn live died within two days due
to lack of milk production by the doe. Additionally, Cottam er al. (1997) found that kit
mortality was increased in feral rabbits offered diets containing the ergot alkaloid

bromocriptine (CB154).

5. Effects of endophyte on deer fertility

The specific effects of grazing E+ pastures on deer have not been examined, however, deer
grazing E+ perennial ryegrass are often severely affected by the neuromuscular disorder
referred to as ryegrass staggers (RGS) which is caused by toxins produced by the endophyte
(Orr & Mackintosh, 1985). RGS has been known to cause death in both adult deer and fawns
(Mitchell & McCaughan, 1992). Other symptoms identified in deer grazing E+ pastures are

increased respiration rate and body temperature (Mackintosh ez al., 1982).

Stevens et al. (1992) found that there were no differences in productivity between deer
grazing E+ or E- perennial ryegrass. However, there were differences in behaviour with the
deer on the E+ treatment being more flighty, harder to handle and keep behind an electric

fence than the deer on the E- treatment.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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6. Effects of endophyte on ovine fertility

There are few reports on effects of endophyte on sheep fertility and there are contradictions as

to these effects and their severity.

It was observed that ewes grazing E+ tall fescue have delayed conception after introduction of
the ram (Bond et al., 1988). However, this study reported no effects on body weight gains,

gestation length, average number of lambs bomn, lamb birth weight, or lamb survival.

Eerens et al. (1998) found that ewes grazing E+ ryegrass in a cool moist environment had a 4-
day delay in parturition date with no differences in lamb birth weight. This delay has been
attributed to embryonic mortality and to a delay in the onset of oestrus rather than to

fertilisation failure or extended gestation length (Bond et al., 1982; 1988).

Recently it was shown that ewes grazing E+ tall fescue that contained the endophyte toxin
ergovaline during mating had lower ovulation rates and number of lambs carried to 90 days of

gestation than ewes grazing E+ tall fescue that was ergovaline-free (Kramer et al., 1999)

7. Mechanisms by which endophyte reduces fertility

7.1. Pharmacological and physiological effects of endophyte toxins

This review only deals with groups of endophyte toxins implicated in mammalian toxicosis.
Very little is known about the underlying mechanisms involved in the reduction of
reproductive performance in animals grazing E+ pastures. Identifying the toxins involved and
their physiological role has proven difficult owing to the presence of several variant

compounds within the major toxin groups, each with a wide range of physiological activity.

There have been reports on some on the physiological activities of the different endophyte

toxins and there is increased ability to differentiate their effects and potential physiological

role.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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The four main groups of toxins produced by the endophyte fungus, implicated in animal
toxicosis, are ergopeptine alkaloids, lysergic acid amides, lolines and the lolitrems, which are

of concern in E+ ryegrass.

Some of the physiological effects of the major endophyte toxins are summarised in Table 2.2.

7.1.1. Ergopeptine alkaloids

Ergopeptine alkaloids, of which ergovaline is the most abundant in E+ forage, have been
found to have several pharmacological effects in mammals. The ergopeptine alkaloids bind at
D; and D, dopamine receptors (Rhodes et al., 1989). Pharmacological activity of the ergot
alkaloid group of endophyte toxins is different for D; and D, receptors. These alkaloids
interact with the D, receptor in an agonistic fashion, whereas interaction with the D; receptor
is in an antagonistic fashion (Siegel er al., 1989). D; receptors control vasodilation and
parathyroid hormone release and D, receptors inhibit norepinephrin release, depress
chemosensory activity and depress prolactin and o.-melanocyte-stimulating hormone (Cooper
et al., 1991). D3, D4, and Ds dopamine receptors are also present in the body. However, the

relationship of ergopeptine alkaloids with these receptors is not known at present.

Badia ez al. (1988) found that the ergopeptine alkaloid, ergotamine, is an agonist at both o1
and o-2 adrenergic receptors, and also can be an antagonist at 0.-1 receptors. a-adrenergic

receptors mediate coronary and skeletal muscle contractions, pulmonary, visceral and renal
vasoconstriction, increase stomach and intestinal motility and tone, have stimulatory roles in
male and female sex organs, and various secretory functions throughout the body such as
decreasing insulin and glucagon secretion and increasing growth hormone secretion. -2
receptors prevent further release of norepinephrin, modulate the function of other neurones
including those using serotonin, dopamine and acetylcholine, reduce the turnover rate of these

nerves after stimulation, and are involved with smooth muscle contraction (Daunt & Maze,

1992).

There is evidence that ergopeptine alkaloids bind at serotonin-2-receptors (5-HT,). Dyer
(1993) found that ergovaline had agonistic effects on SHT,-receptors. SHT,-receptors are

involved in contraction of both arteries and veins in rats (Cohen et al., 1993). Serotonin is

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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known to enhance the effect of angiotensin II (Doyle, 1988). Serotonin receptors have
important effects on gastrointestinal motility. Sheep administered serotonin had a sustained
increase in gastrointestinal muscle tone, with inhibition of extrinsic reticulo-rumen
contractions (Ruckebusch & Ooms, 1983). Serotonin is found in relatively high concentration
in the brain, and there is evidence that it may play an excitatory role in the regulation of
prolactin secretion, inhibit transmission in pain pathways in the dorsal horns and may be

involved in the regulation of circadian rhythms (Ganong, 1989).

7.1.2. Lysergic acid amides

Lysergic acid amides have been shown to have some antagonist activity at ol-adrenergic

receptors, however, they appear to have a higher affinity for SHT, receptors (Oliver et al.,

1993a).

Lysergic acid amides differ from ergopeptine alkaloids in their affinity for the various
receptors discussed. Krisch ez al. (1992) observed that the larger ergopeptine alkaloids have
higher affinity for o-adrenoreceptors, as opposed to 5S-HT or dopamine receptors, which was

opposite to that found with the smaller lysergic acid amides.

Lysergic acid diethylamide (LSD) binds to 5-HT, receptors in the brain which results in
hallucinations and other mental aberrations in humans (Ganong, 1989) and it is speculated

that serotonin has a role in regulating animal behaviour and sleep (Whitaker-Azmitia &

Peroutka, 1990).

7.1.3. Lolines

Lolines have been found to have antagonist activity at a-2 adrenoreceptors (Oliver et al.,

1990) and agonist activity at SHT, receptor sites (Oliver et al., 1993b)

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.
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7.1.4. Lolitrems

Lolitrems cause a neuromuscular response in livestock that is commonly referred to as
ryegrass staggers (RGS) (Gallagher et al., 1977). This disorder (RGS) is characterised by
tremors and locomotor in:éo-ordination (Cunningham & Hartley, 1959).

These toxins cause tremors in skeletal muscle and have inhibitory effects on the smooth

muscle of the gut (Smith et al., 1997).

Sheep showing severe symptoms of RGS have deranged release of the excitatory amino acid
neurotransmitters aspartic acid and glutamic acid in the cerebrocortical synaptosomes (Mantle,
1983). Munday-Finch & Garthwaite (1999) have found that lolitrems distribute randomly
throughout the fatty brain matrix, which masks the binding to specific sites. It was found in
mice injected with 14C-labled tremorgen that only a very small amount of tremorgen reached
the brain and spinal cord, which indicates that the receptors involved are extremely sensitive

to these compounds.
7.1.5. Alkaloid synergism

There are very few reports on any possible synergistic reactions between the alkaloids. The
possibility of synergism between fungal toxins was suggested by Gallagher et al. (1977), who
investigated the effects of fungal tremorgens, similar to those produced by endophyte, on
sheep. Fletcher & Easton (1997) reported that lolitrem B and ergovaline may synergistically
interact to increase the severity of RGS. However, no synergistic properties were exhibited

between ergotamine and N-acetyl loline (Oliver et al., 1990).
7.2. Dopaminergic effects of endophyte toxins

The ergopeptine alkaloid group of endophyte toxins have dopaminergic activity (see section

7.1.1). It is therefore possible that these toxins may affect animal reproduction as dopamine

agonists.

The administration of dopamine has inhibited the luteinizing hormone (LH) response to a

bolus of GnRH in sheep (Deaver & Daily, 1982; Donnelly & Dailey, 1991), rabbits (Daily et
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al., 1978) and humans (Judd et al., 1978). Dopamine receptors are present on a sub-
population of gonadotrophs (Goldsmith er al, 1979) and it is possible that dopamine acts
directly on the gonadotroph to decrease the binding of GnRH. Dopamine has also been shown
to reduce basal progesterone release from bovine corpora lutea in vitro (Rhodes & Randel,
1982).

In addition to direct actions of dopamine on the reproductive system there may be indirect

effects mediated through the depression of prolactin (see section 7.5.).

7.3. Serotonergic (SHT) effects of endophyte toxins

Ergopeptine alkaloids have serotonergic activity (Dyer, 1993; Oliver ez al., 1993b). Cattle

grazing E+ tall fescue appear to have more reactive 5-HT, receptors than cattle on E- fescue

(Oliver et al., 1996).

Serotonin receptors are present throughout the CNS, in blood vessels, in the gastrointestinal
tract and on platelets (Martin, 1994), and serotonin has regulatory roles in the mammalian

reproductive system.

Ewes given an increasing dose of serotonin showed a linear increase in plasma LH (Deaver &
Daily, 1983). Deaver & Daily (1982) found that serotonin potentiated the release of LH
following treatment with GnRH, and Philo & Reiter (1980) demonstrated that serotonin peaks

correspond with a lower fertility in cattle during the winter months.

In the female rat, serotonin has a central role in the control of the preovulatory LH surge and
subsequent ovulation (Coen et al., 1980). In male rats serotonin administration (10 mg/kg

body weight) can detrimentally affect spermatogenesis but does not affect leydig cell function

(Gonzales et al., 1981).

Endophyte toxins may affect early pregnancy due to serotonergic activity. Dyer (1993) found
that ergovaline is a potent vasoconstrictor of isolated uterine and umbilical arteries and that

this i1s mediated via serotonin receptors.
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Serotonin, administered on the day after the initiation of embryo implantation, promptly
terminates pregnancy in the rat (Lindsay et al.,1963). The disruption of implantation after
serotonin administration is not a result of impaired corpus luteumn function, but is associated
with marked and protracted reduction in uterine blood flow and intraluminal oxygen
availability which is consistent with the vasoconstriction activity of serotonin (Mitchell &

Hammer, 1983).

7.4. o-adrenergic effects of endophyte toxins

Badia et al. (1988) found that the ergopeptine alkaloid, ergotamine, is an agonist at both o.-;
and o, adrenergic receptors. The possible adrenergic effects of endophyte toxins on fertility
have not been documented. o.-receptors are present throughout the body and have several

roles. o-receptors are present in the uterus and penis and control uterine motility and penile

erection (Ganong, 1989).

o-adrenergic receptors are also involved in regulation of reproductive hormone secretion.
Studies in female rats have shown that a;-adrenergic densities undergo a diurnal rhythm in
brain regions associated with entrainment to the photoperiod. Oestrogen alters the rhythm of
these receptors in areas involved with the regulation of LH secretion, and decreases the
density in other oestrogen-responsive regions (Weiland & Wise, 1987). Clifton & Sawer
(1980) showed that noradrenalin, via a-adrenergic receptors, acts as a modulator of LH

secretion but is not indispensable for feed-back control mechanisms.

7.5. Prolactin suppression by endophyte toxins

Grazing E+ tall fescue pastures has caused a reduction in serum prolactin in horses (Redmond
et al., 1994), cattle (Bond & Bolt, 1986) and sheep (Bolt et al,, 1982). Feeding toxic extracts

from E+ tall fescue has depressed serum prolactin in rats (Porter et al., 1985).

The reduction in prolactin is most likely caused by ergopeptine alkaloids produced by the
endophyte fungus. The ergopeptine alkaloids are dopamine agonists (Rhodes ez al., 1989).

Although several hormones and substances have been shown to exert direct suppressive
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effects on pituitary prolactin, dopamine from the hypothalamus via the hypophysial portal
system acting on the anterior pituitary lactotrophs is the main inhibitory regulator (Lamberts &
MacLeod, 1990). It is, therefore, believed that the ergopeptine alkaloids depress prolactin

secretion through dopaminergic and antiserotonergic activities (Berde & Schild, 1978).

Prolactin has several roles in regulating reproductive processes in animals. Nicoll & Bryant
(1972) described effects of prolactin in mammals, which included synergistic effects with
steroid hormones on male and female gonads and conditioning effects on male sex accessory
glands. Prolactin appears to be of particular importance in control of reproduction in rodents.
Prolactin regulates corpus luteum function and gonadotrophin secretion in female rats (Smith,
1980). Low prolactin levels may reduce testis steroidgenesis during puberty in the male rat
(Suescun et al, 1985). Chandrashekar et al. (1987) demonstrated that subnormal
concentrations of prolactin reduce the sensitivity of the hypothalamic-pituitary system to

feedback inhibition by testosterone in rats.

The effects of reduced prolactin in other species of animal is less well understood. It was
concluded that prolactin has a regulatory role in steroid secretion by luteal tissue of gilts in the
mid and late periods of pregnancy (Szafranska et al., 1992) which may have some similarities
to its function in the rat. To date there are very few reports on the effects of
hypoprolactinaemia in grazing animals, however, there is evidence that the reduction in serum

prolactin in animals grazing E+ grasses may be instrumental in reduced fertility.

Prolactin may play a role in stimulating the equine ovary. Nequir et al. (1993) found that when
endogenous prolactin secretion is increased during anoestrous by dopamine receptor blockade
or by administering prolactin, typical transitional follicular growth commences, so that low
prolactin levels may retard this process. This, however, does not appear to be the case in
cattle. Bevers et al. (1985) found that follicles (> Smm) from the ovaries of cattle treated with
bromocriptine did not bind sheep prolactin irrespective of their quality or diameter and,
therefore, it was concluded that prolactin is not involved in the growth and development of

follicles (> Smm) in cattle.

There is increasing evidence that prolactin has important roles in the fertility of males of

species other than rats. It was found that stallions treated with the ergot alkaloid bromocriptine
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had decreased serum prolactin levels and reduced semen volume after sexual stimulation
(Thompson et al., 1996). Therefore, it 1s possible that reduced serum prolactin could have an
effect on semen production. Rams treated with CB154 to lower serum prolactin did not show
reduced numbers of LH receptors, which is in contrast to the results found in rodents.
However, a delay in the beginning of testicular growth was observed in the rams treated with
CB154 (Barenton & Pelletier, 1980). In an earlier study, ram lambs treated with CB154
showed no significant decrease in testis weight and the establishment of spermatogenesis was
not delayed. However, there was a marked decrease in the weight of seminal vesicles and in
their fructose concentration (Ravault et al., 1977). A study by Evans et al. (1988) found that
bulls grazing E+ tall fescue had significantly lower prolactin levels than bulls grazing E- tall

fescue. However, there appeared to be no detrimental effects on reproductive development.

The effects of low prolactin on reproduction in the grazing animal are unclear and more

studies are required to determine prolactin’s role in reduced fertility in livestock grazing E+

pasture.
7.5.1. Prolactin and milk production in animals grazing E+ feed

The suppression of prolactin in animals grazing E+ pastures may also affect lactation, which

is an integral part of the reproductive process.

Cattle grazing E+ tall fescue have had depressed milk yields (Hemken ez al., 1979; Schmidt et
al., 1986). Sti;iham et al. (1982) found that milk production was reduced by 59% in ewes
grazing toxic tall fescue compared to ewes grazing wheat. Prolactin is involved in lactogenesis
and mammogenesis in cattle but not in galactopoiesis (Karg & Schams, 1974) Therefore,
decreased serum prolactin after the start of lactation does not result in depressed milk

production, (Schams et al., 1972).

The effects of endophyte on milk production are particularly severe in horses (Monroe et al.,
1988) and rabbits (Daniels er al., 1984) which commonly exhibit agalactia. The greater effect
on lactation in horses and rabbits is due to the lack of placental lactogen in these species and,
therefore, a complete reliance on prolactin to stimulate prepartum lactogenesis (Forsyth,

1986). Cattle and sheep have both placental lactogen and prolactin (Forsyth, 1986). The
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depressive effects of ergotpeptine alkaloids on prolactin secretion may suppress prolactin’s
effects on lactogenesis in cattle and sheep, but have no effects on placental lactogen (Cross,

1997) and therefore effects on milk production are not as severe.
7.6. Effects of endophyte toxins on luteinizing hormone (LH) secretion

The effects of endophyte on LH secretion in the grazing animal are not well understood and
evidence to date has been conflicting. Mizinga et al. (1992) found that endophyte had no
effect on LH secretion (basal, pulse frequency or amplitude) in cyclic heifers. Similarly

Christopher et al. (1990) reported no difference in LH secretion between ovariectomized beef

heifers grazing E+ or E- tall fescue.

Rams dosed with the ergot alkaloid 2-Bromo-o-ergocriptine had no significant reduction in
serum LH levels (Ravault et al., 1977; Barenton & Pelletier, 1980). However, Browning et al.
(1997) found that serum LH was significantly reduced in steers given a single intravenous

dose of ergonovine or ergotamine, both of which are similar to ergoE = - alkaloids produced

in E+ pastures.
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Table 2.2. Some physiological effects, and possible mechanisms, of the major endophyte

toxins, ergopeptine alkaloids (EA), lysergic acid amides (LAA), and lolitrems

(LOL) on various organs or systems in the grazing animal (Summarised from a

review by Oliver (1997)).

ORGAN/SYSTEM EFFECT TOXIN(S) MECHANISM
LUNGS/RESP. « 7 Respiration rate  EA, LAA??, LOL?? 0, SHT receptor
* Bronchoconstrict. activity
GI TRACT * Tl Smooth LOL,EA?,LAA??  ap, SHT, D\/D,
muscle activity receptor activity?
¢ T Faecal moisture
VASCULAR s  Vasoconstriction EA, LAA?LOL? a4/ 0, SHT, receptor
= Hyperthermia activity?
SKELETAL s Tremors (RGS) LOL, EA??,LAA?? T neurotransmitter
MUSCLE activity
MAMMARY = | Milk EA,LAA??,LOL?? | Prolactin
GLAND production Tl Other hormones
regulating lactation?
SEX ORGANS = | Reproductive =~ EA,LAA??,LOL?? Tl Hormones

rates

1 Ovulation rate

regulation the

reproductive system?

? Is suspected

7?7 Is unknown

7.7. Effects of endophyte toxins on progesterone secretion

There is evidence that grazing E+ tall fescue affects progesterone production in horses and

cattle. Pregnant mares grazing E+ tall fescue pasture have lower blood concentrations of

progesterone (Monroe et al., 1988), however, in cyclic mares it was found that serum

progesterone levels were elevated on E+ pasture (Brendemuehl ez al., 1994b).
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Mahmood et al. (1994) found that grazing E+ pasture disrupted serum progesterone profiles in
weaner heifers and suggested the cause was a higher incidence of luteal dysfunction. Other
reports have failed to find any effect of grazing E+ pasture on serum progesterone levels in

cattle (Fanning et al., 1992).

7.8. Effects of endophyte toxins on cortisol secretion

Foals born to mares grazing E+ tall fescue have depressed cortisol levels (Brendemuehl er al.,
1994a). Foetal cortisol levels are important in the initiation of parturition. Normally, foetal
cortisol levels increase prior to parturition in response to adrenocorticotrophic hormone
(ACTH) (Sharp & Bozar, 1995). Therefore, the depression of cortisol in the foal could be

another cause of prolonged gestation.

7.9. Effects of endophyte toxins on estradiol-17f secretion

Gravid mares grazing E+ tall fescue have had elevated plasma estradiol-17f3 (Redmond et al.,
1993; Redmond er al., 1994). Estrogens are important in the maintenance of pregnancy
(Pashen, 1984) and mammary development (Cross et al., 1995). When parturition nears,

estrogens stimulate prostaglandin production and oxytocin receptor synthesis in the uterus

(Vivrette, 1994).

It is hypothesised that the ergopeptine alkaloids prevent oestrogen binding to its receptors
which stops negative feedback and subsequently oestrogen levels in circulation increase
(Cross, 1997). Without the opportunity to bind to its receptors, estrogens might not be able to

properly stimulate prostaglandin and oxytocin receptor synthesis, thereby prolonging gestation
(Cross, 1997).

7.10. Effects of endophyte toxins on gamma-aminobutyric acid (GABA) secretion

Dihydrogenated ergopeptine alkaloids are known to bind to the GABA receptor-associated
chlorine ionophore in the brain of mice (Tverdeic & Pericic, 1991). It is, therefore, likely that
the same group of compounds produced by endophyte will also bind to GABA receptors and

disrupt the associated physiological processes, including reproduction.
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The effects of ergopeptine alkaloids, produced in E+ perennial ryegrass and tall fescue
pastures, on GABA activity in the grazing animal have not been investigated. However, it is
possible that fertility may be affected via ergopeptine alkaloids binding to GABA receptors

and studies are required to investigate this possibility.
8. Indirect effects of endophyte toxicosis on reproduction

Preceding sections have discussed direct effects of endophyte toxins on reproduction, that is,
direct actions of toxins on hormone receptors and tissues associated with reproduction. In
addition to these direct effects, endophyte toxins may reduce reproductive performance

indirectly via physiological activities not directly associated with reproduction.

8.1. Heat stress

Heat stress is a common symptom in animals grazing E+ tall fescue and E+ perennial ryegrass
pastures. Cattle grazing E+ tall fescue in North America frequently have elevated body
temperature (Hoveland er al., 1983; Hemken et al., 1981; Osbom er al., 1992) and, likewise,
cattle grazing E+ perennial ryegrass in New Zealand often suffer high body temperatures,

which result in heat stress (Easton et al.,1996).

Sheep grazing E+ pastures have also shown increased core body temperature. Fletcher (1993)
showed that lambs grazing E+ perennial ryegrass had significantly higher rectal temperature

than lambs grazing E- ryegrass under conditions of high ambient temperature.

Unlike cattle and sheep, horses grazing E+ pasture do not appear to suffer from heat. This is
probably due to their ability to sweat and hence dissipate excess heat more effectively

(Monroe et al., 1988; Putnam et al., 1991).

It is believed that the ergopeptine alkaloids play a major role in causing heat stress in animals
grazing E+ pastures. These alkaloids reduce the ability of the animal to dissipate excess heat
by their vasoconstriction activity (Rhodes et al., 1991; Browning & Leite-Browning, 1997).
Osbormn et al. (1992) found a reduction in peripheral temperatures in cattle fed E+ tall fescue

and ergotamine tartarate in thémoneutral conditions (21°C) and in a heat-stressed environment
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(32°C), due to reduced blood flow to these areas. Gadberry et al. (1997) found that lambs fed
diets containing different ergovaline concentrations showed a linear decline in skin
temperature with increasing levels of ergovaline. At the same time, the actions of alkaloids on
a-adrenergic receptors (Nolan et al., 1986) and 5-HT; receptors (Genicot et al., 1993) in the
lungs cause vasoconstriction and bronchoconstriction which complicate the loss of heat by
this organ (Oliver, 1997). Heat stress manifests itself in animals grazing E+ forage when
environmental temperature is high. When environmental temperatures are low, there may be
no effect of grazing E+ pasture on body temperatuse. Stamm et al., (1994) observed no effect

on body temperature in beef steers fed diets containing up to 475 ppb ergovaline in winter

months.

It 1s likely that, under periods of high ambient temperature, animals grazing E+ pastures will
suffer from heat stress and this could impact adversely on reproductive performance. The
detrimental effects of elevated body temperature on reproductive performance have been well
documented. Cockrem & McDonald (1969) found that increased body temperature in ewes
decreased embryo implantation and the consequent number of lambs bom. A study by
Thwaites (1971) showed that the sheep embryo is very sensitive to maternal heat stress during
the period immediately after mating. Cyclic ewes with hyperthermia exhibited less
behavioural oestrus, had significantly lower serum progesterone levels and 6-fold higher
prolactin levels than thermoneutral ewes (Hill & Alliston, 1981). Heat stress in ewes in the
later stages of pregnancy has caused reduction in lamb birth weight (Brown et al., 1977;

Hopkins et al., 1980).

Effects of elevated body temperature on ram fertility have also been reported. The association

of rises in testicular temperature with reduced semen quality and testicular function have been
well established (Moore & Oslund, 1924; McKenzie & Berliner, 1937; Fowler & Kennedy,
1967).

Heat stress has also resulted in reduced reproductive rates in cattle. Dunlap & Vincent (1971)
reported that an increase in rectal temperature from 38.5 to 40°C postinsemination reduced
pregnancy rates from 48% to 0%. As in the sheep, most embryonic mortality occurs soon after
mating (Monty & Racowsky, 1987). Gwazdauskas et al. (1981) showed that heat-stressed

cows had shorter oestrus, lower oestradiol levels, and the mean corticoid response to
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corticotrophin was smaller, earlier to peak and of shorter duration. However, there was no
difference in mean plasma progestins, LH, prolactin or corticoid levels which is in contrast to

results obtained in ewes.

8.2. Nutrition

Cattle grazing E+ tall fescue have lower average daily gains (ADG) in liveweight than cattle
grazing E- tall fescue (Williams et al, 1984; Crawford et al, 1989; Essig et al., 1989;
Paterson et al., 1995). Sheep grazing E+ tall fescue have lower ADG than sheep grazing E-
tall fescue (Chestnut et al., 1992; Debessai et al., 1993) and similarly, grazing E+ perennial
ryegrass has resulted in lower ADG in sheep (Fletcher & Barrell, 1984; Fletcher et al., 1999).
Decreased weight gains have also been observed in rats and mice fed E+ diets (Varney et al.,

1987; Varney et al., 1991b; Neal & Schmidt, 1985).

There are many possible mechanisms by which endophyte toxins may reduce animal weight

gain, some of which are now considered.

8.2.1. Feed intake and grazing behaviour

There is evidence that the presence of endophyte and/or endophyte toxins in the diet reduces
feed intake and affects grazing behaviour. It has been reported that cattle grazing E+ tall
fescue have reduced feed intake (Stuedemann et al., 1989). Dairy heifers fed E+ tall fescue
hay had lower feed intakes than heifers fed E- tall fescue hay (Jackson e al., 1988). Cosgrove
et al. (1996) observed that weaner cattle grazing E- perennial ryegrass pasture consumed more

dry matter (DM) than those grazing E+ perennial ryegrass pasture.

Lower feed intake has also been observed in geldings and yearling horses fed E+ tall fescue

hay compared with those grazing E- tall fescue hay (Redmond et al., 1991; McCann et al.,
1992).

Fletcher & Barrell, (1984) suggested that reduced growth in sheep grazing E+ perennial
ryegrass may have been due to reduced herbage intakes. Chestnut et al. (1992) showed that

hay (DM) intake was greater for lambs fed E- tall fescue hay than for lambs given E+ tall
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fescue hay and Aldrich et al. (1993a) found that ad libitum DM intake was lower in lambs fed

E+ tall fescue than lambs fed E- tall fescue.

In addition to reductions in feed intake, animals grazing E+ pastures have been observed to
differ in grazing behaviour. Howard er al. (1992) found that steers grazing E+ tall fescue
displayed altered day-time grazing behaviour as well as a reduction in voluntary intake.
Coffey et al. (1992) found that cattle grazing E+ tall fescue pastures grazed for the same
length of time as cattle on E- tall fescue pasture, but spent more time grazing during night
hours. Cattle grazing E+ tall fescue pasture show a higher degree of selectivity (Barth et al.,
1991). Differences in grazing preference for E+ and E- pasture have been demonstrated in
sheep. Edwards et al. (1993) showed that, although grazing time was similar for hoggets
grazing E+ and E- perennial ryegrass, less E+ was consumed possibly owing to a reluctance to
graze the E+ pseudostem horizon. In palatability tests it was shown that E- tall fescue hay was

preferred by sheep compared to E+ tall fescue hay (Samford-Grigsby et al., 1997).

8.2.2. Forage digestibility

There is some evidence to suggest that the presence of endophyte affects the relative
digestibility of feed. Aldrich er al. (1993a) found that digestibility of E+ tall fescue was lower
than that of E- tall fescue in lambs and similarly, Aldrich et al. (1993b) found that the DM and
organic matter (OM) digestibilities were 9% lower for E+ than E- tall fescue in cattle. Hannah
et al. (1990) found that in sheep fed a diet with or without ergovaline, rumen and total tract
OM, neutral detergent fibre (NDF) and cellulose digestibilities were less when diets contained
ergovaline. However, Stamm et al. (1994) found that apparent DM digestibility and total tract
NDF digestion were not influenced by ergovaline concentration although it should be noted

that no other symptoms of endophyte toxicosis were observed in this trial.

8.2.3. Effects of endophyte on the gastrointestinal (GI) system.

Some endophyte toxins have been found to affect GI smooth muscle. Smith et al. (1997)
found that the fungal tremorgens penitrem, paxilline and lolitrem B caused variable amounts
of stimulation and inhibition in the smooth muscle of the antrum and duodenum. The effects

of the ergopeptine alkaloids on GI smooth muscle are yet to be examined, however, it is
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possible that these toxins will interfere with reticulo-rumen contractions, smooth muscle tone

in the GI tract via adrenergic, serotonergic and dopaminergic activity (Oliver, 1997).

9. Production of the ma jor endophyte toxins in E+ perennial ryegrass pasture

There are only a few reports to date on the production of toxins from endophyte-infected
perennial ryegrass either in controlled conditions or in grazed pastures. Currently studies are
being conducted into the many factors that may control toxin production. There are strong
indications that seasonal and environmental conditions play an important role and it has also

been discovered that there are distinct patterns of toxin distribution within the ryegrass plant.

9.1. Lolitrem B

The alkaloid lolitrem B is present in perennial ryegrass plants only when they are infected
with Neotyphodium lolii. Concentrations of lolitrem B are much higher in the leaf sheath than
in the leaf blade and increase progressively from blade tip to lower sheath (Keogh et al.,
1996). Peak lolitrem B production in E+ perennial ryegrass pastures is in late summer and

autumn (Ball et al., 1997), which is why this 1s the most common time for ryegrass staggers

problems.

9.2. Ergovaline

Ergovaline levels increase from spring when seed head emergence starts and the compound
continues to accumulate in the pasture to peak in late summer and autumn, similarly to
lolitrem B (Ball et al., 1995). Ergovaline is also distributed in the plant similarly to lolitrem B
with higher concentrations in the leaf sheath and seed head than in the leaf blade (Keogh et

al., 1999)

Lane et al. (1997a) found that added nitrogen or water stress is associated with elevated
ergovaline production in perennial ryegrass pastures. Levels of ergovaline above 0.5 ppm may
be commonplace in New Zealand ryegrass pastures (Easton et al., 1996) and extreme levels
up to 27 ppm have been measured in natural associations of endophyte-infected perennial

ryegrass under glasshouse conditions (Lane et al., 1997b).
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10. Purpose and scope of the study
This study aimed to examine the effects of grazing perennial ryegrass pasture infected with the
endophyte fungus Neotyphodium lolii, on reproductive performance in ewes and elucidate the
major mechanisms involved. The major aspects of reproductive performance examined were
the oestrous cycle, mating, gestation and parturition. Additionally, as integral parts of
reproductive performance, mammogenesis, lactation, and performance of offspring were also
examined. Finally, feed intake was examined as the possible cause of lower liveweight in
animals grazing E+ pasture, and its relationship with reproductive performance of the ewe.

This involved a series of grazing trials that measured endophyte toxin levels in ryegrass

pastures during the year and determined their relationship with the aspects of reproductive

performance of the grazing ewe mentioned above. More intensive trials were conducted to
examine the effects of the major endophyte toxin ergovaline on endocrine systems regulating
important reproductive functions such as the oestrous cycle and lactation.

The specific objectives of the experiments involved in this programme were:

1) To compare the reproductive performance of ewe flocks maintained on either endophyte-
infected or endophyte-free perennial ryegrass pasture.

2) To measure the growth rate of lambs, born to ewes that were maintained on either
endophyte-infected or endophyte-free ryegrass pasture.

3) To examine the effects of long-term grazing of endophyte-infected ryegrass on
progesterone, prolactin and luteinizing hormone levels in cyclic ewes.

4) To determine the effects of the endophyte toxin ergovaline and environmental temperature
on serum prolactin, progesterone, cortisol and insulin levels in ewes during late pregnancy
and parturition.

5) To determine the effects of endophyte presence in pasture on feed intake of ewes and

suckling lambs.

When examining and discussing the various toxic effects of grazing E+ ryegrass pasture, this
study focuses on the endophyte toxin, ergovaline. The reasons for this were that ergovaline is
the most abundant toxin produced by the ryegrass endophyte (with the exception of lolitrem
B), and that much of the research conducted has also focused on ergovaline as being the major
toxin responsible for endophyte toxicosis. However, it needs to be stressed that other
ergopeptine alkaloids and several lysergic acid amides, which are physiologically active in
mammals, are also produced in significant amounts by N. lolii and N. coenophialum.
Therefore, it is likely that many, if not all of these other toxins may either contribute to or
cause some of the toxic effects seen in animals grazing E+ pastures.

Endophytic perennial rvegrass and reproductive performance of the ewe. Watson, R.H. 2000.



27

CHAPTER II1

Reproductive performance of ewes grazing either endophyte-infected or endophyte-free

perennial ryegrass

1. Introduction

Reduced reproductive performance of animals grazing tall fescue infected with the endophyte
Neotyphodium coenophialum has been well documented (Porter & Thompson, 1992). Most
reports were on horses or cattle, and only a small number have examined the effects of
endophyte-infected tall fescue on the reproductive performance of sheep. Grazing endophyte-
infected tall fescue has reduced reproductive rates (Bond et al., 1988), ovulation rate and

lambs carried to 90 days of pregnancy (Kramer et al,.1999) in sheep.

At present there is a lack of research into the effects on reproductive performance of grazing
perennial ryegrass infected with Neoryphodium lolii. Endophyte-infected perennial ryegrass
pastures have been found to produce similar toxic alkaloids to endophyte-infected tall fescue
(Rowan er al., 1990). Therefore, it is likely that the reproductive performance of sheep grazing
endophyte-infected perennial ryegrass may be affected in a similar manner to that of sheep
grazing endophyte-infected tall fescue. The only reported effect of grazing endophyte-infected

perennial ryegrass to date is a delay in the onset of lambing in ewes (Eerens et al., 1997).

Perennial ryegrass is a widely used pasture species in New Zealand. Ryegrass pastures
throughout New Zealand have regularly been found to be infected with N. lolii (Prestidge et
al., 1985; Wedderburn et al., 1989; Widdup & Ryan, 1992). The importance of perennial
ryegrass to New Zealand’s pastoral industry underscores the need to examine the effects of
grazing these infected pastures on animal reproductive performance and to determine what, if

any, production losses are incurred.

The objectives of this trial were to determine the effects of long term grazing of endophyte-
infected perennial ryegrass on reproductive performance of the ewe, and identify some of the

possible mechanisms involved.
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2. Materials and methods
2.1. Animals and treatments

2.1.1. Animals

Rising two-tooth, virgin, Romney ewes (rising 2 year olds), of a similar genetic background,
were obtained from a Northland flock and transported to AgResearch Aorangi Lowland
Research (AOR) Station in the Manawatu on 11 January 1996. The ewes grazed a brassica
crop until 11 March 1996 when all ewes were ear-tagged, and seventy-eight ewes randomly
selected and allocated to two treatment groups with the same average liveweight. Ten spare
ewes were allocated to each group as replacements for animals in the treatments groups if

required.

Two-tooth ewes were used to enable the reproductive performance to be determined for the
same ewes over a number of years. This study focuses on the first two years of an ongoing

four-year trial.
2.1.2. Treatment pastures

Six 0.5 ha plots were fenced and sown on 8 November 1995 at AOR on Kairanga silt loam.

The trial area had a history of lotus (Lotus pedunculatus) and cocksfoot (Dactylis glomerata)

pastures.

Three replicate plots were sown in Nui perennial ryegrass seed (33 kg/ha) infected with high
levels (reputed 88%) of wild-type endophyte (E+). The remaining three replicate plots were
sown in Nui perennial ryegrass seed (40 kg/ha) which was free (reputed 0%) of endophyte
infection (E-). The pasture replicates were arranged in a complete randomised design across
the trial area. On 4™ December 1995 the newly sown trial area was sprayed with 2.5 1/ha

MCPB, 2.5 I/ha 2-45D, and 5 1/ha MCPA to remove any non-grass species.
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In October 1996 a further two 0.5 ha plots were sown in Nui E+ and two in Nui E- seed (25
kg/ha). These additional plots were used to graze the spare ewes and for additional feed when

required by the trial groups.

2.1.3. Fertiliser applications

In addition to maintenance applications of Nitrogen (N), Phosphorus (P), Potassium (K) and
Sulphur (S), applications of N were used on several occasions as a management tool to

maintain pasture growth (Table 3.1.).

Table 3.1. Fertiliser applications made during the pre-trial period and during 1997 and 1998.

MONTHYEAR _ FERTILISERTYPE _ RATE (kgha) N,P,KS (kg/ ha)

April' 96 Urea 140 64,0,0,0
Super Phosphate 200 0,180,2

August' 96 Urea 80 37,0,0,0
Novermber' 96 Urea 120 55,0,0,0
January 97 Urea 100 46,0,0,0
February 97 Armmonium Sulp. 50 11,0,0,12
September’ 97 Urea 160 74,0,0,0
March' 98 Urea 160 74,000
August' 98 Urea 80 37,0,00
September’ 98 Urea 160 74,0,0,0
Novermber' 98 Urea 100 46,0,0,0

2.1.4. Flock management.

Each group of ewes was allocated to one of the two pasture treatments and was used to graze
their respective pastures from the end of March 1996 to January 1997 as a pre-trial
preparation. The spare ewes were randomly divided into two even groups and grazed on

adjacent E+ or E- pastures.

All trial and spare ewes were mated in April 1996 and lambed on their respective areas in

September. The lambs were weaned in November 1996 and removed from the trial.
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By the end of 1996 the ewes grazing the E- pasture were significantly heavier than the E+
ewes, so on 10 January 1997 spare ewes were recruited to replace some ewes in the treatment
groups so that the groups were the same average liveweight at mating in 1997. The trial period
began at mating in 1997 and from this time the same ewes were used in each group
throughout the 2-year trial period, and were replaced with spare ewes only in the case of
death. The entire trial period was intended to run from January 1997 to Mating in 2000 so that
the long-term performance of the ewes could be measured. However, this study is focused on

data collected during the period between January 1997 and March1999.

In 1997 and 1998 the groups of ewes were rotationally grazed with the same pasture
allowance, from the end of lamb docking in late September until the end of mating in April.
The extra plots sown in 1996 were used to provide additional feed to groups that required it
during rotational grazing and any surplus pasture, caused by differences in feed intake
between the treatment groups, was accumulated on these extra plots and grazed by the spare
ewes. The spare ewes were also used to graze the main plots to maintain uniformity between
the E+ and E- pastures. Mature seed head and long ungrazed areas of the pastures were
removed by a forage harvester in late summer to maintain pasture quality, with thorough

cleaning of the machinery between plots to ensure no seed contamination.

On the 1 March each year a Suffolk ram fitted with a mating harness was introduced to each

group of ewes. The rams were rotated between the groups weekly for two oestrous cycies and

then removed.

From the end of mating, each group of ewes was set stocked over treatment plots throughout

gestation and lambing.

Each year the ewes were vaccinated with Multiline™ 5 in 1 against clostridial diseases, and
crutched two weeks prior to the start of lambing. In 1997, lambs remained with the ewes until
weaning at the beginning of November (11 weeks from start of lambing) at which point they
were removed from the trial. In 1998, lambs were kept with the ewes 6 weeks longer and

weaned in mid December (17 weeks from start of lambing) so that growth rates could be

monitored further.
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In late September all lambs had elastrator™ rubbers rings put on their tails and were
vaccinated against clostridial diseases. At this time all ewes and lambs were drenched with an

anthelmintic and lambs were subsequently drenched every six weeks until weaning.

The ewes were shorn in November each year and ewes that died during the year were replaced

with the spare ewes. All ewes are treated with Seraphos™ dip in February to prevent flystrike.

2.2. Sampling

2.2.1. Animal measurements

Rams were equipped with a tupping harmess and crayon to enable the determination of mating
date for each ewe. After the 1% oestrous cycle, the crayon colour was changed and ewes which

returned to oestrus were recorded.

The ovaries of each ewe were examined by laparoscopy between days 3 and 7 after first
mating in 1997 and 1998 to measure ovulation rate (corpora lutea/ ewe). All ewes were also

examined by laparoscopy after first mating in the pre-trial period in 1996.

All ewes were examined by ultra-sonography 90 days from the start of mating to measure the

number of foetuses carried per ewe. All ewes were also pregnancy scanned in 1996 and in

1999.

Two weeks prior to lambing, neck tags were attached to all ewes to enable identification from
a distance during lambing. After each ewe lambed, the lambs were tagged and the number of
lambs born per ewe, birth date, birth weight, sex and any deaths were recorded. In 1997,
lambs were weighed weekly for the first six weeks of life and at weaning (11 weeks). In 1998,

lambs were weighed every 2-3 weeks from birth to weaning (17 weeks).

On 1 September 1993 single-rearing ewes (n=5, and 7 for the E+ and E- groups respectively)
and 6 twin-rearing ewes of similar lambing date were selected from each group. These ewes
were separated from their lambs and milked by a method described by Peterson (1992) at

0900 am and 1500 pm on one day every week for 12 weeks to determine daily milk
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production. This was repeated using 7 twin-rearing ewes from each group on weeks 1, 3 and 5

of lactation in 1998.

Each group of ewes was weighed monthly throughout the year and fleece weights were

recorded annually at shearing.

During the summer and autumn all ewes were yarded and left in the shade for half an hour
after which rectal temperatures were measured. A blood sample was collected by jugular
venipuncture from all ewes before mating (end of February) and weekly during lactation to

measure serum prolactin levels.

The E+ group was assessed regularly during the summer and autumn for RGS using a severity
scale devised by Keogh (1973).

Ewes were scored for faecal soiling (dags) (See Plate 3.1.) by eye in summer and autumn each
year using a scale of O (clean) to 3 (heavy faecal soiling). Dags were collected from animals
representing each score. The dags were weighed to give an average weight (+ SEM) for each

score (0=0g,1=99+11g,2=208+ 14 gand3 =389 +71 g).

Ewes that died on the trial, where cause of death was not immediately apparent, were
examined post-mortem by J.S. Lumsden, Department of Veterinary Pathology and Public

Health, Massey University (see appendix I for pathology reports).

In March 1996 urine samples were collected from 10 randomly selected ewes in each group to
determine urinary zearalenone levels. (zearalenone is an oestrogenic fungal metabolite
produced by Fusaria species commonly found in ryegrass pastures and has been found to
reduce reproductive performance in sheep (Kramer, 1997)). The urinary analysis was used as
an indication of any differences in zearalenone levels between the E+ and E- pastures. Urinary

zearalenone was analysed by ELISA immunoassay (di Menna et al., 1991).
2.2.2. Pasture measurements

Three quadrat pasture cuts (20 cm x 50 cm) were taken monthly from under exclusion cages,

and grazed areas in each plot. After each sampling the exclusion cages were moved to a new
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grazed area of the pasture. Each pasture sample was freeze-dried and weighed. The difference
in DM between the pasture cut from under the exclusion cage and the grazed pasture cut taken

at the previous sampling from the same plot was used to estimate kg DM/ha grown daily

during the month.

A subsample of each pasture cut taken was dissected into ryegrass leaf-blade and leaf-sheath,
and non-ryegrass species. The ryegrass components were ground and analysed for lolitrem B
and ergovaline concentration. A further pasture subsample was taken and pooled across

replicates within a treatment. The pooled samples were ground and used for nutritional

analysis.

Plate 3.1. Faecal soiling of the wool around the crutch, commonly referred to as dags.
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2.3. Endophyte infection levels

Fifty ryegrass tillers were taken from each treatment plot during summer each year. Epidermal
sections were removed from each tiller, stained with lactophenol blue, and examined with a

light microscope for the presence of endophyte hyphae.
2.4. Serum prolactin analysis

Serum prolactin levels were determined using a double-antibody 121 radiolmmunoassy
procedure based on the methods of Van Landegham & Van de Weil (1978) at the Institute of

Food and Human Health, Massey University, Palmerston North, New Zealand (see Chapter
VI, section 2.1.2. for details).

2.5. Herbage ergovaline and lolitrem B analyses

Freeze-dried and ground ryegrass samples were measured for ergovaline and lolitrem B levels
by HPLC as described by Barker et al. (1993) at the Plant Biochemistry Laboratory,

AgResearch Grasslands, Palmerston North.

Ergovaline
Herbage samples (50 mg) with added ergotamine tartrate internal standard (less than 1 pg in

50 pl of methanol) were extracted with 1 ml of chloroform-methanol-ammonia (concentrated

solution), (75:25:2 v/v) overnight at room temperature in darkness.

The extraction solvent was separated by aspiration through an immersion filter and the plant
residues rinsed with two further 0.5 ml portions of solvent. The combined extract was
evaporated to dryness under vacuum without heating and redissolved and suspended in 0.5 ml
carbon tetrachloride and 0.5 ml tartaric acid solution (25 mM in 50% v/v aqueous methanol).

The phases were allowed to separate on standing, and the aqueous phase transferred with

filtration into a vial for HPLC sampling.

Ergovaline was separated out by reverse phase HPLC (Brownlee RP-18 column, 5 pum, 100 x

4.6 mm with RP-18 Newguard precolumn) at 30°C with a gradient solvent system of 0.1 M

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.



CHAPTER III 35

ammonium acetate in water and acetonitrile (25 % v/v acetonitrile to 50 — 60% acetonitrile
with a concave 35 — 45 min gradient; flow 1 ml/min) and measured by fluorescence detection

(Aex 310 nm, Aer 410 nm)

Lolitrem B

Herbage samples (50 mg) were extracted for 1 h with 1 ml of chloroform-methanol (2:1 v/v).
The extraction solvent was separated by aspiration through an immersion filter and the plant
residues rinsed with two further 0.5 ml portions of solvent. The solvent was evaporated
without heating under reduced pressure and the residues taken up in 1 ml 1,1-
dichloroethane:acetonitrile (4:1 v/v). The extract was transferred through a syringe filter into

vials for HPLC sampling.

Lolitrem B was measured following HPLC separation using a silica column (Brownlee, 220 x
4.6 mm) with a solvent phase of dichloromethane, acetonitrile, and water (840:160:1 v/v) at 1
ml/min. Fluorescence detection was with excitation at 268 nm and emission at 440 nm and the
amount of lolitrem B estimated by comparison of the integrated peak area with those of

reference standards.

2.6. Pasture nutritional analysis

Freeze-dried and ground pasture samples were assayed by NIR for protein, lipid, ash, acid
detergent fibre (ADF), neutral detergent fibre (NDF), soluble carbohydrate (CHO), organic
matter digestibility (OMD), and metabolisable energy (ME) at the feed-TECH laboratory,

AgResearch Grasslands, Palmerston North.

2.7. Statistical analyses

All statistical analyses were carried out using Graph pad Prism™ 3.0 computer software:

10855 Sorrento Valley Rd #203, San Diego, CA 92121 USA.

Ovulation rate, lambs carried per ewe at scanning, mating date, lambing percentage and faecal
soiling data were analysed by chi-squared test. Ewe liveweight data and lamb growth rate

data were analysed by fitting a generalised linear model (GLM) to determine sources of
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variation due to treatment (endophyte), time (week/month of weighing) and treatment X time
interactions. Linear regression analysis was conducted to determine relationships between
ovulation rate and ewe liveweight, daily milksolid production and lamb growth rate,
cumulative milksolid yield and lamb liveweight. Fleece weight data were analysed by t-test.
Serum prolactin levels at mating and urinary zearalenone levels were analysed by t-test.
Serum prolactin levels and daily milksolid production during lactation were analysed by GLM
to determine variation due to endophyte, weeks after parturition and endophyte X week

interaction. Rectal temperature data were analysed by analysis of variance (ANOVA).

Mean (+SEM) pasture growth rates, ergovaline and lolitrem B levels were calculated across
the three treatment pasture replicates and were analysed by GLM to determine variation due to
endophyte status, month of sampling and endophyte X month interaction. Pasture nutrition
parameter means were calculated by pooling results within seasons and across years. Each
nutritional parameter was analysed by GLM to determine variation due to endophyte, season

and endophyte X season interaction.

3.  Results

3.1. Animal measurements

3.1.1. Reproductive performance and ewe mortality

Reproductive parameters measured in the pre-trial period (1996) and during the first two years

of the trial are presented in Table 3.2.

There was a significant difference in mean number of days from introduction of the ram to
mating with the E+ ewes being mated 1.8 days later than E- ewes (Table 3.3.). There were no
significant differences in any other of the reproductive parameters measured between the E+
or E- ewes in 1997 or 1998. However, there was a significantly (P<0.05) higher proportion of
dry ewes at scanning in the E+ than in the E- group (33% (12/36) vs 14% (5/36)) in 1999.

Lambing started around 24 July and was completed by 10 September in each year.

Endophytic perennial ryegrass and reproductive performance of the ewe. Watson, R.H. 2000.



CHAPTER 111 37

Ewe mortality was generally low (5%/year) and there were no significant differences in the
mortality rate of ewes between each treatment. Ewe deaths during the trial period (March
1997 to December 1998) were 5 and 4 for the E+ and E- groups respectively. (Details of ewe

deaths are summarised in appendix I, Table 1.1.)

Table 3.2. Ovulation rate, % lambs carried at scanning, % of ewes that returned to oestrus and
that were dry at scanning, and % lambs born and % weaned per ewe mated in the

E+ and E- groups

Pre-trial (1996) 1997 1998
E+ E- E+ E- E+ E-
Ovulation rate 1.53 + 143 + 1.67 + 1.63 + 1.66 + 1.81 +
(n =39/group) 0.08 0.08 0.08 0.08 0.08 0.08
Number of ewes that 11 8 8 11 8 9
returned to oestrus
Scanning % 125+8 131+10 146+10 163+7 141+10 136+9
(includes dry ewes)
Number of ewes dry 1 2 2 1 2 4
at scanning
Lambing % 120+8* 126 +9* 145+10 161+9 141+10 136+9

(born/ewes mated)
Lambing % weaned 102+ 10 103+10 104+11 122+10 117+10 122+9

(per ewes mated)

*Lower Lambing % compared with scanning % was most likely due to errors distinguishing
between single and twin-bearing ewes at scanning.

Table 3.3. Mean (+SEM) number of days from the start of mating until ewes in the E+ and

E- groups were mated in each year (1997, 1998).

YEAR E+ E-
1997 7.7 + 0.6 59 +0.5°
1998 70+0.7* 53+05°

Means with different superscript letters within a row differ significantly (P<0.05)
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3.1.2. Long-term reproductive performance of the ewe

The mean total number of ovulations (during the first cycle of mating) (1996 to 1998, NB:

ovulation rates were not measured in 1999), number of lambs carried at pregnancy scanning

(1996 to 1999) and number of returns to service (1996 to 1999) for ewes in the E+ and E-

groups are presented in Table 3.4.

The parameters were calculated by adding data for the pre-trial year and each subsequent year

year period between the E+ and E- groups.

3.5.

multiple-bearing ewes between the E+ and E- groups.

oestrus per ewe for the E+ and E- groups between 1996 and scanning in 1999.

of the trial from ewes that had been present in each treatment group throughout the pre-trial
and trial period (n=25 for both groups) (March 1996 to June 1999). There were no significant

differences in the total number of ovulations, lambs carried or returns to oestrgus for the 4-

The proportions of the total number of pregnancies in each group between 1996 and 1999 that

were single-bearing or multiple-bearing, and of dry ewes at scanning are presented in Table

There were significantly (P<0.06) more dry ewes at scanning in the E+ group than in the E-

for the 4-year trial period. There were no significant differences in the numbers of single- and

Table 3.4. Mean (+SEM) total number of ovulations, lambs carried at scanning and returns to

| E+ E-

| Total ovulations/ewe 536 +0.32 5.72+0.31
Total lambs carried/ewe 4.88 +0.19 492 +0.20
Total returns to oest./ewe 1.12 +0.16 1.21+0.18
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Table 3.5. Proportions of the total numbers of pregnant ewes that were single-bearing,
multiple-bearing and the dry ewes in the E+ and E- groups between 1996 and

scanning in 1999.

E+ E-

DRY% 14 6*
SINGLE-BEARING % 40 45
MULTIPLE-BEARING% 46 49

* proportions in the same row differ significantly (P<0.06)

3.1.3. Serum prolactin

Serum prolactin levels were significantly (P<0.02) lower in the E+ (34.0 + 5.8 ng/ml) than in
the E- group (82.6 + 15.4 ng/ml) prior to mating in 1997. The difference in serum prolactin
levels between E+ (90.2 + 16.7 ng/ml) and E- (136.5 + 28.4 ng/ml) ewes prior to mating in
1998 was not significant (P=0.17).

During the first 10 weeks of lactation in 1998 there were no significant differences in serum
prolactin levels between the E+ and E- single-rearing ewes at any sampling. However, mean
serum prolactin levels over the entire 10-week period were significantly (P<0.05) higher in the
E- single-rearing ewes than in the E+ single-rearing ewes (Figure 3.1.). There was no
significant effect of time (week of lactation) nor interaction between time and endophyte on

serum prolactin in either the E+ or E- single-rearing ewes.

Similarly there were no significant differences in serum prolactin levels between the E+ and
E- twin-rearing ewes at any one sampling. However, mean serum prolactin levels in twin-
rearing ewes were significantly (P<0.05) higher in the E+ ewes than the E- ewes over the
entire 10-week period (Figure 3.1.). Data analysis on twin-rearing ewes suggested prolactin
levels fell as lactation progressed (P=0.15) and that an interaction existed between endophyte

and week of lactation (P=0.19).
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Figure 3.1. Mean (+SEM) serum prolactin levels of single and twin-rearing ewes grazed on

either E+ or E- ryegrass during lactation in 1998.
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3.1.4. Ewe liveweight

The liveweight data for ewes, classified relative to the number of lambs reared each year in
1997 and 1998 is presented in Table 3.6. Due to the small number of dry ewes each year, their

liveweight was not significantly different from any of the other ewes of different rearing status

in either group.
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The liveweight of twin- and single-rearing ewes grazing the E+ pasture was significantly
(P<0.0001) lower than the ewes of similar rearing status grazing the E- pasture during the

1997 and 1998 trial period.

Month of the year was a significant (P<0.0001) source of variation in ewe liveweight during

1997 and 1998 in both the twin- and single-rearing ewes of each group.

The month X treatment interaction effect on the liveweight was significant (P<0.0001) for

single-rearing ewes and was close to significant (P=0.08) for the twin-rearing ewes.

At the start of mating (1 March) in 1997 there was no significant difference in liveweight
between ewes grazing E+ or E- pasture (54.7 + 0.8 kg and 55.5 + 0.7 kg for E+ and E-
respectively). The liveweight data are divided into subgroups of ewes that subsequently reared
either twin (n=22 and 26 for E+ and E- groups respectively) or single (n=15 and 12 for E+ and
E- groups respectively) lambs in 1997. Twin-rearing ewes in the E+ group were significantly

(P<0.05) lighter than twin-rearing ewes in the E- group.

At the end of mating (10 April) in 1997 there were no significant differences in the liveweight

of any subgroup of ewes. There were no significant liveweight changes in any group of ewes

during mating.

During gestation (end of mating to 24 July) in 1997 the twin- and single-rearing ewes in both
the E+ and E- groups put on significant amounts of weight, some of which would have been

associated with conceptus development.

By the start of lambing (24 July) the twin-rearing ewes in the E- group were significantly
(P<0.05) heavier than all other groups of ewes. The groups of ewes were not weighed in
October or November 1997, however, the December 1997 weighing indicated that liveweight
differences between the groups were maintained throughout lactation. It also appeared that
twin-rearing ewes lost significantly more weight during lactation than single-rearing ewes in

both treatment groups.
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Liveweight data for 1998 are divided into ewes that reared either twin (n=19 and 17 for E+
and E- groups respectively) or single (n=18 for both E+ and E- groups) lambs in 1998. Mean
ewe liveweight for the ewes of different rearing status did not alter significantly when the data

sets were redefined at the start of 1998.

Between January 1998 and February 1998 the liveweight of single-rearing ewes was
significantly (P<0.05) lower in the E+ group than in the E- group and there were no significant

differences in the liveweight of twin-rearing ewes between the E+ and E- groups.

At the start of mating (1 March) in 1998 the twin and single-rearing ewes in the E+ group
were significantly (P<0.05) lighter than their E- counterparts. During the mating period (1
Marchto 12 April, 42 days), ewes that subsequently reared twin lambs in the E+ group gained
significant (P<0.05) weight (4.4 + 0.2 kg) whereas the liveweight of the E- twin-rearing ewes
did not change significantly. During the mating period the E+ ewes that subsequently reared
single lambs gained weight (2.8 + 0.2 kg, (not significant)), however between the end of
mating and the May 1998 weighing these ewes lost significant (P<0.05) weight (3.5 + 0.2 kg).
The E- single-rearing ewes lost weight on average during mating (2.9 + 0.2 kg (not
significant)) and the liveweight of these ewes did not change significantly between the end of

mating and the May weighing.

The E- and E+ single-rearing ewes and the E- twin-rearing ewes maintained their liveweight
from the end of mating to the July weighing, which incorporated most of gestation, whereas
the E+ twin-rearing ewes lost weight towards the end of gestation (June 1998 to July 1998).
This trend continued through lactation (July 1998 to December 1998). Single-rearing ewes in
the E+ group were an average 10.1 + 0.7 kg lighter than the single-rearing ewes in the E-
group between August 1998 and February 1999. There were no significant differences in the

liveweight of twin-rearing ewes between the E+ and E- groups during this period.
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Table 3.6. Mean (+SEM) liveweight (kg) of twin and single-rearing ewes grazing either E+

or E- perennial ryegrass pasture in 1997 and 1998.

TWIN-REARING EWES SINGLE-REARING EWES

MONTH 1997 E+ E- E+ E-
MAR 543 +1.2° 59.4 +1.1° 55.5+ 1.0%° 53.4+0.9°
APR 56.3+1.5 56.4+ 1.1 572+1.4 55.3+0.7
MAY 57.8 +1.2%® 574 +0.8%° 59.0+0.9? 54.4 +0.7°
JUN N/S N/S N/S N/S
JUL 60.0 + 1.2° 65.7 + 0.9° 60.1 + 1.0° 62.5+1.1%®
AUG 65.3 + 1.0° 69.2 + 1.0° 64.9 + 1.0° 67.4 + 1.0%°
SEP 61.2 + 1.1 702 +1.1° 614 +1.4° 67.4+1.5°
OCT N/S N/S N/S N/S
NOV N/S N/S N/S N/S
DEC 58.4 +1.22 65.8 + 1.9° 62.4 + 1.8%° 67.2 +1.8°

1998
JAN 58.3+1.22 63.5 + 2.6*® 61.8 + 1.6 66.8 +1.8°
FEB 58.1 +1.2° 62.9 + 2.6 61.6 + 1.6 67.1 +1.8°
MAR 56.9 + 1.9 63.1 + 1.4°¢ 62.1 + 1.4%° 67.8 + 1.9
APR 60.1 + 1.6 61.4+15 649 + 1.5 64.9 + 1.6
MAY 65.3 + 1.7%® 67.4 +1.6% 604 + 1.7° 64.8 + 1.4%°
JUN 65.2 + 1.6%® 67.3 + 1.4 60.8 + 1.6° 64.5 + 1.4%°
JUL 62.8 + 1.6 67.0 + 1.4 59.6 + 1.6° 64.8 +1.6*
AUG 61.9 + 1.6°° 63.8 + 1.4%° 58.1 + 1.6 65.6 + 1.6°
SEP 61.2 + 1.6%° 61.8 + 1.3%° 56.8 + 1.6 65.9 + 1.6°
OCT 58.6 + 2.7 604 + 2.6*° 56.2 + 2.0° 67.9 +1.8°
NOV 60.3 + 2.72® 604 +2.5%° 56.3 +2.0° 65.2 +1.6°
DEC 58.6 +2.0° 62.1 +1.7%° 54.1+19° 65.5 + 1.3

1999
JAN 619 +1.7%° 64.9 + 1.82 55.4 +2.3° 67.6 + 1.42
FEB 61.4 +1.6° 59.3 +1.8%° 53.5+2.1° 63.3 + 1.6%

Means with different superscript letters within a row differ significantly (P<0.05)
N/S = weights were not taken in these months
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3.1.5. Relationships between ewe liveweight at mating, liveweight change during mating

and reproductive performance

Liveweight data for ewes relative to their reproductive performance in presented in Table 3.7.
At mating in 1997 there were no significant differences in pre-mating ewe liveweight (LW)

across treatments and ovulation rate.

In 1998, ewes that had either single or multiple ovulations in the E+ group were significantly
(P<0.001) lighter than ewes with the same ovulation rate in the E- group. There were no
significant differences in ewe LW between ewes that had either single or multiple ovulations
in the E- group. However, ewes that had multiple ovulation in the E+ group were significantly
(P<0.01) heavier than ewes that had single ovulation in the E+ group. Ewes in the E- group
were significantly heavier (P<0.01) across ovulation rates in 1998 than they had been in 1997.
Ewes that had multiple ovulations in the E+ group in 1998 were significantly heavier than
ewes that had multiple ovulation in the E+ group in 1997. There were no significant LW

differences between E+ ewes that had single ovulations in 1997 and those in 1998.

There was no significant difference in liveweight change from two weeks before to the end of

mating (LWA) across treatments, years or ovulation rate.

In 1997 there were no significant differences in pre-mating ewe liveweight across treatment

and scanning rank.

In 1998, LW of the E+ ewes was significantly (P<0.001) lower than the LW of the E- ewes of
the same scanning rank. There were no significant differences in LW across scanning ranks in
the E- group. Ewes that carried two lambs at scanning in the E+ group in 1998 were
significantly heavier at mating than single-bearing and dry ewes in the E+ group. LW at
mating of the E- ewes was significantly greater across all scanning ranks in 1998 than they
had been in 1997. Ewes that carried two lambs at scanning in the E+ group were significantly
heavier at mating in 1998 than they had been in 1997. There were no significant differences in
the LW of single-bearing ewes in the E+ group between 1997 and 1998.

In 1997 there were no significant differences in LWA across treatments and scanning rank.
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In 1998 E+ ewes gained weight during mating whereas E- ewes lost weight. There was no

significant difference in LWA across scanning rank within a treatment group.

In 1997 there were no significant differences in LW across treatments and cycle of conception.

In 1998 ewes that conceived in the second cycle in the E- group were significantly heavier at
mating than all ewes in the E+ group. There were no significant differences in any other

groups across treatments and cycle of conception.

There were no significant differences in LWA across cycle of conception within treatment

group in either 1997 or 1998.

In 1997 LW and LWA were not significant sources of variation in ovulation rate, number of

lambs carried or scanning in either the E+ or E- group.

In 1998 LW and LWA were not significant sources of variation in ovulation rate in the E-
group. However, LWA was a significant (13.6%, P<0.05) source of variation in the number of
lambs carried at scanning. The regression equation of LW and LWA on the number of lambs
carried at scanning (SC) in the E- group was:

SC=1.14 + 0.0049 LW + 3.28 LWA.
(where LW = ewe liveweight at the start of mating and LWA = liveweight change between

two weeks before mating and the end of mating).

In 1998 ewe LW was a significant (15%, P<0.05) source of variation in ovulation rate in the
E+ group and LWA was not a significant (<1%) source of variation. The regression equation
of LW and LWA on ovulation rate (OR) in the E+ group was:
OR = 0091 + 0.0261 LW + 0.37 LWA .

In 1998 LW was a significant (9%, P<0.05) source of variation in number of lambs carried at
scanning in the E+ group and variation due to LWA was close to significant (6%, P=0.1). The
regression equation of LW and LWA on number of lambs carried at scanning (SC) in the E+
group was:

SC =-0.394 + 0.0286 LW + 1.56 LWA.
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Table 3.7. Mean (+SEM) ewe liveweight (WT) (kg) and liveweight change (LWA) (g/d) at

mating for ewes in the E+ and E- groups that had a single or multiple ovulation (OR),

carried 0, 1 or 2 lambs at scanning (SCN) or conceived in the first or second oestrous

cycle of mating (CYC).

Ewe Liveweight at Start of Mating Ewe Liveweight Change
During Mating
1997 1998 1997 1998
No. EWES WT No. EWES WT LWA LWA
E+ E- E+ E- E+ E- E+ E- E+ E- E+ E-
OR
1 13 15 550 546 16 13 548 626 180 20+ 100 -50
+ + + + + 10 +20 +30
1.4* 1.0° 2.0° 1.§‘>° 100
2 26 24 549 562 23 25 614 660 60+ 20+ 80+ 30+
+ + + + 10 10 20 90
1.0* 0.9*¢ 1.5 1.4¢
3 0 0 NA NA 0 1 0 60* NA N/A NA -50%
SCN
0 2 1 563 580 2 4 545 689 0+ 0* 170 -150
+ * + + 1007 + +
8.7 3.5 1.6° be 50%¢  20°
C
1 17 13 555 534 18 18 57.5 651 140 20+ 80+ -70
+ o+ + + o+ 107 20" o+
1.0° 0.9° 2.93b 1.6  70° 20%
2 20 25 543 564 19 17 614 642 70+ 20+ 110 -30
+ % + o+ 10 10 o+ o+
1.2 0.9 1.8¢¢ 2.0 20> 20%*
CYC
15T 31 28 555 556 31 30 593 641 90+ 20+ 100  -40
+ + + + 400 10" + +
1.0° 0.9° 1.6 1.5% 200 20°
2D g 11 527 554 8 9 578 689 100 20+ 80+ -140
+ + + + + 10 300+
1.3 1.1° 2.5 1.5 10° 30°

Mean liveweight and liveweight change values within a reproductive parameter that do not
have a common superscript letter differ significantly (P<0.05).
* Values represent data for one animal
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3.1.6. Daily milksolid production and cumulative milksolid yield

Daily milksolid production for E+ single-rearing (n=5), E+ twin-rearing (n=6), E- single-
rearing (n=7) and E- twin-rearing (n=6) ewes, measured on one day a week for the first 12
weeks of lactation in 1997, are presented in Table 3.8. Daily milksolid production for twin-
rearing ewes in the E+ (n=7) and E- (n=7) groups, measured on one day per week on weeks 1,

3 and 5 of lactation in 1998, are presented in Table 3.9.

In 1997 the daily milksolid production from the E+ single-rearing ewes was significantly
(P<0.05) greater than the E- single-rearing ewes at the week 2 and week 5 sampling but there
were no significant differences at any other sampling. The daily milksolid production of the
E+ twin-rearing ewes was significantly (P<0.05) lower than that of the E- twin-rearing ewes at
the week 5 sampling but there was no significant difference at any other sampling. Mean daily
milksolid production over the 12 samplings was significantly (P<0.05) greater in the twin-

rearing ewes than single-rearing ewes in both treatment groups.

There were no significant differences in daily milksolid production between the E+ and E-

twin-rearing ewes at week any samplings in 1998.

Cumulative daily milksolid yields for E+ single-rearing, E+ twin-rearing, E- single-rearing
and E- twin-rearing ewes during the first 12 weeks of lactation in 1997, are shown in Figure
3.2. Cumulative milksolid yields were significantly (P<0.001) greater in the E+ single-rearing
ewes than the E- single-rearing ewes, and significantly (P<0.01) greater in the E- twin-rearing
ewes than in the E+ twin-rearing ewes. Twin-rearing ewes had significantly greater
cumulative milksolid yield than single-rearing ewes in both the E+ (P<0.1) and E- (P<0.001)
groups. There were no significant treatment X time interactions on cumulative milksolid yield

between any group.

Cumulative daily milksolid yield for twin-rearing ewes in the E+ and E- groups during the
first 5 weeks of lactation in 1998, are shown in Figure 3.3. There were no significant
differences in cumulative daily milksolid yield between the E+ and E- twin-rearing ewes

during the first 5 weeks of lactation in 1998.
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Table 3.8. Mean (+SEM) daily milksolid production (g/d) for E+ and E- twin and single-

rearing ewes during the first 12 weeks of lactation in 1997.

TWIN-REARING SINGLE-REARING
WEEK E+ E- E+ E-
1 312+19 294+33 247+36 257+17
2 417+57™ 478+67% 365+48° 267+20°
3 295+38 345+48 329+37 265+31
4 338+49 354+50 357+32 312426
5 213+28? 307+41° 219+17° 167+22°
6 311+39 334451 256428 260428
7 218+27 319+56 19149 19147
8 184+18 170438 153+8 165+14
9 164+12 182+46 178+12 156+15
10 127+15 169+51 164+9 168+23
11 136+13 152443 141+15 120415
12 16449 143+29 119+26 126+6

Means with different superscript letters between treatments within a row differ significantly

(P<0.1)

Table 3.9. Mean (+SEM) daily milksolid production (g/d) for twin-rearing ewes in the E+ and
E- groups during weeks 1, 3 and 5 of lactation in 1998

WEEK E+ E-
1 343+21 353+36
3 236+16 255425
5 207+11 194+10
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Figure 3.2. Mean (+SEM) cumulative milksolid yield (g) for twin- and single-rearing ewes in

the E+ and E- groups during the first 12 weeks of lactation in 1997.
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Figure 3.3. Mean (+SEM) cumulative milksolid yield (g) for twin-rearing ewes in the E+ and

E- groups during the first 5 weeks of lactation in 1998.
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3.1.7. Lamb birthweight

Birth weight data for the twin and single lambs in the E+ and E- groups are presented for both

years in Table 3.10.

There were no significant differences in the birth weight of single or twin lambs between the
E+ and E- ewes in either 1997 or 1998. Single lambs were significantly (P<0.05) heavier than
twin lambs in both years.

There was no significant effect of lamb sex on birthweight in either year.

Table 3.10. Mean (+SEM) birthweights (kg) 