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Abstract
A 3-year farmlet experiment was carried out at
Dexcel, Hamilton to evalua te the effects of AR1 (no
lolitrem B or ergovaline production) and wild
(standard or natural) endophyte-infected ryegrass on
milksolids production and cow health. Two farmlets
(7 ha each) were managed as self-contained systems
with cows rotationally grazing treatment paddocks
from September 2000 to May 2003. In the 2000/2001
milking season, cows grazing AR1 endophyte-
infected ryegrass produced 10% more milksolids than
those grazing wild endophyte-infected ryegrass (247
versus 224 kg/cow, SED = 8.4,  P<0.01). Treatment
differences were smaller and not statistically
significant in the second and third milking seasons.
A combined analysis of the 3 milking seasons data,
showed a significant milksolids production
advantage to cows grazing AR1 endophyte-infected
ryegrass pastures (318 versus 292 kg/cow, SED=9.2,
P<0.01). Milk composition was similar in all seasons.
Milksolids production averaged over 3 milking
seasons was significantly higher in cows grazing AR1
endophyte-infected ryegrass in summer (110 versus
103 kg/cow, SED=2.9, P<0.01) and autumn (50
versus 44 kg/cow, SED=2.1, P<0.01),  and showed a
similar effect in spr ing (157 versus 147 kg/cow,
SED=5.5, P<0.1). Ryegrass staggers occurred in cows
grazing wild endophyte-infected pastures in January
2001, coinciding with the highest concentrations of
lolitrem B over the 3 seasons (>3.5 mg/kg). Cow
temperatures, respiration rates and plasma prolactin
concentrations were seldom affected by endophyte
treatment. Annual pasture production was similar
across AR1 and wild endophyte-infected ryegrass
farmlets from September 2000 to September 2001
(14.7 versus 14.4 t DM/ha, SED = 1.11, NS) and from
September 2001 to September 2002 (14.1 versus 12.9
t DM/ha, SED = 0.73, NS). AR1 endophyte-infected
ryegrass pastures remained free of contamination
from wild endophyte-infected ryegrass for at least 3
years after establishment, as indicated by low
concentrations of lolitrem B detected in pasture
samples.
Keywords:  dairying, heat stress, Lolium perenne,
Neotyphodium lolii, novel endophytes, pasture
production, prolactin, ryegrass staggers

Introduction
Most perennial ryegrass (Lolium perenne) plants in
New Zealand pastures are infected with a naturally
occurring fungal endophyte (Neotyphodium lolii).
This perennial ryegrass/endophyte association
produces compounds called alkaloids that vary in
concentration over the year. Some alkaloids enhance
the persistence and productivity of ryegrass pastures
by protecting them from insect attack, such as
peramine which provides protection against Argentine
stem weevil (Listronotus bonariensis) and ergovaline
which protects against b lack beetle (Heteronychus
arator). However, some alkaloids may affect animal
performance and health when consumed in too high
a concentration. These include lolitrem B, which
causes ryegrass staggers, and ergovaline which has
been associated with increased heat stress in sheep
(Fletcher et al. 1999).

When renovating perennial ryegrass pastures,
farmers now have the opportunity to select cultivars
with no endophyte, the wild (standard or natural)
endophyte, or a new endophyte selection called AR1.
AR1 does not produce the toxic alkaloids lolitrem B
or ergovaline, but still produces the insect deterrent
peramine (Tapper & Latch 1999). Grazing trials have
shown tha t ryegrass containing AR1 endophyte
improved sheep liveweight gains compared to those
on wild endophyte (Fletcher 1999). Bluett et al.
(2001b) showed from 3 short-term experiments at
Dexcel that cows grazing AR1 endophyte-infected
ryegrass in autumn produced 8% more milk than those
grazing wild endophyte-infected ryegrass (P<0.1),
with similar milk yields during spring and summer.
This paper reports a farmlet experiment where the
cows were continuously stocked on their treatments
for 3 years to determine the effects of AR1 and wild
endophyte on milksolids production and cow health.

Materials and methods
Pastures
The experiment was conducted on two 7 ha farmlets
on Scott Farm, Dexcel, Hamilton. Seven 1 ha
paddocks were randomly allocated to each farmlet
balanced for soil type and previous cropping history.
Paddocks in permanent pasture were sprayed with 4
l/ha of Roundup® herbicide (1.44 kg glyphosate/ha)
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before ploughing and power-harrowing, while those
in maize stubble were power-harrowed before roller-
drilling on 22 May 2000 with Bronsyn ryegrass (18
kg/ha) and a 50:50 mixture of Sustain and Aran white
clover (Trifolium repens) (3 kg/ha) seed, followed by
harrowing and rolling. The Bronsyn ryegrass was
infected with wild endophyte (farmlet 1) or AR1
endophyte (farmlet 2). All pastures received 7 kg/ha
Drisan (70g/kg isazophos) insecticide on 22 May
2000 for the control of black beetle. Maintenance and
nitrogen fertiliser was applied equally across both
farmlets in all years.

Cows
Farmlets were rotationally grazed by self-contained
herds of spring-calving mixed-aged Holstein-Friesian
cows from late September 2000 to early May 2003.
Initially, cows were randomly allocated to farmlets
balanced for age, calving date, liveweight and
milksolids production. Each farmlet was stocked with
18 mixed-aged cows in 2000/2001 (included 4
heifers) and 21 cows in 2001/2002 (included 3 heifers)
and 2002/2003 (included 4 heifers). Cows remained
on their farmlets between milking seasons, except for
those culled, which were replaced with heifers and
similar cows.

Management
Each farmlet was managed as a self-contained system
using decision rules developed from previous farm
systems trials at Dexcel (Macdonald & Penno 1998).
These rules defined grazing management, timing and
amount of conservation, feeding of pasture silage and
individual cow and herd drying-off dates. No
additional feed was purchased. Cows on both farmlets
received 3 kg DM/cow/day pasture silage (from the
farmlet where it was made) from 4 July to 25 July
2002 because of low farmlet pasture covers (Table 1).

Cow measurements
Milksolids production and milk composition
Milksolids (MS) production (protein yield + fat yield)
and milk composition (protein, fat and lactose %) for
each cow were measured weekly throughout the
season. Milk yields (am/pm in 2000/2001 and 2001/
2002, and pm/am in 2002/2003) were recorded using
in-line milk meters and milk composition was deter-
mined using the Milkoscan FT120 milk analyser (Foss
Electric, Denmark).

Incidence of ryegrass staggers, heat stress symptoms
and blood plasma prolactin concentration
Cows were scored for severity of ryegrass staggers
once every 3 weeks on a standard 0 – 5 scale (0 = no

staggers, 5 = cow unable to stand: adapted from
Keogh 1973) throughout the season. Scores were
given to individual cows after rapid movement around
the paddock for about five minutes.

During January, February 2001,  and January,
February and March 2002 cows were assessed for
heat stress symptoms. Half the cows were fitted with
progesterone-free CIDR-mounted temperature
loggers to record internal body temperature every 10
minutes for at least 5 consecutive days (Bluett et al.
2000). Respiration rate was also recorded before
afternoon milking on 3 consecutive days by counting
the frequency of rib movements for 30 seconds using
a timer with an audible alarm. Two independent,
consecutive observations were averaged for each cow
(Bluett et al. 2000).

Blood plasma prolactin was measured on 3
consecutive days during January and February 2001
(Bluett et al. 2003) and monthly from November 2001
to March 2002. Blood samples were collected by
venipuncture of the coccygeal vein in the tail of each
cow into ethylene diamine tetraacetic acid (EDTA)
vacutainers before afternoon milking. Blood samples
were chilled immediately then centrifuged and
analysed for plasma prolactin concentration by
radioimmunoassay (Prolactin Antigen and Antiserum
kit; National Institute of Diabetes and Digestive and
Kidney Diseases, Maryland, United States) as
described by Pearson et al. (1996). The inter-assay
and intra-assay coefficients of variation for samples
collected in January and February 2001 were 2.6 and
11.0% (at a control concentration of 25 ng/ml) and
from November 2001 to March 2002 were 14.1 and
11.4%,  respectively.

Pasture measurements
Pasture production,  farmlet pasture cover and silage
conservation
Pasture production was estimated from September
2000 to September 2002 using two 0.5 m 2 exclosure
cages randomly placed in each paddock (14 cages/
treatment). The herbage within each cage was trimmed
to a height of 2 cm using electr ic shears. After
approximately 30 days regrowth, a 0.2 m 2 quadrat
within each cage was cut to 2 cm, and then the cage
was relocated nearby. The cut herbage was dried at
95 oC for 36 h before weighing. Farmlet pasture cover
was determined weekly. Ten 0.33 m 2 quadra ts
representing a range of pasture covers (6 pre-grazing
and 4 post-grazing) were visually assessed and then
cut to ground level using electric shears, washed and
oven dried at 95oC for 36 h before weighing . All
farmlet paddocks were then visually assessed and then
calibrated against the herbage cuts. The quantity of
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Table 2 Mean days in milk, milk production, milk composition and milksolids production from cows grazing
perennial ryegrass pasture infected with AR1 or wild endophyte over 3 milking seasons in the Waikato.

Season AR1 Wild SED Significance b

2000/2001
Days in milk a 210 205 2.9 †
Milk (kg/cow) 3335 2987 150.5 *
Milk fat composition (%) 4.15 4.21 0.162 NS
Milk protein composition (%) 3.33 3.32 0.073 NS
Milksolids (kg/cow) 247 224 8.4 **
2001/2002
Days in milk 244 244 7.0 NS
Milk (kg/cow) 3957 3806 151.9 NS
Milk fat composition (%) 4.25 4.24 0.131 NS
Milk protein composition (%) 3.35 3.31 0.063 NS
Milksolids (kg/cow) 300 287 11.2 NS
2002/2003
Days in milk 270 266 6.0 NS
Milk (kg/cow) 5056 4776 179.9 NS
Milk fat composition (%) 4.56 4.42 0.123 NS
Milk protein composition (%) 3.55 3.53 0.062 NS
Milksolids (kg/cow) 404 379 14.9 NS
a Cows were initially allocated to farmlets on 21 September 2000 so this season is incomplete.
b NS = not significant, , † = P<0.1, * = P<0.05, ** = P<0.01, *** = P<0.001.

Table 3 Combined analysis of seasonal milk and milksolids production from cows grazing perennial ryegrass
pasture infected with AR1 or wild endophyte in the Waikato (mean of 3 milking seasons).  Means produced
in this table will not necessarily be the same as the mean of the three seasons analysed individually (Table
1) because the combined analysis adjusts for cows not present for all three seasons.  Similarly, total milk
and milksolids may not necessarily be equal to the sum of the milk and milksolids from spring, summer and
autumn.

Season AR1 Wild SED Significance b

Spring
Milk (kg/cow) 2058 1949 78.9 NS
Milksolids (kg/cow) 157 147 5.5 †
Summer
Milk (kg/cow) 1465 1347 43.7 **
Milksolids (kg/cow) 110 103 2.9 **
Autumn
Milk (kg/cow) 613 530 25.4 **
Milksolids (kg/cow) 50 44 2.1 **
Total
Milk (kg/cow) 4136 3801 133.6 *
Milksolids (kg/cow) 318 292 9.2 **

Spring: July, Aug, Sep, Oct, Nov; summer: Dec, Jan, Feb; autumn: March, April, May.
b  NS = not significant, † = P<0.1, * = P<0.05, ** = P<0.01, *** = P<0.001.

Table 1 Average seasonal pasture cover (kg DM/ha) for farmlets sown in perennial ryegrass infected with AR1 or
wild endophyte under rotational grazing with dairy cows over 3 years in the Waikato.

Year Treatment Winter Spring Summer Autumn

2000/2001 AR1 - 3200 3100 3000
Wild - 3300 3100 2900

2001/2002 AR1 2500 2900 3000 2300
Wild 2600 2900 3000 2500

2002/2003 AR1 1800 2600 3300 2800
Wild 1900 2700 3400 2900

Winter: June, July, Aug; spring: Sep, Oct, Nov; summer: Dec, Jan, Feb; autumn: March, April, May.
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pasture silage conserved in each season was recorded.
Individual silage bales were weighed from each
paddock. Before baling, samples of wilted pasture
were collected from each paddock to determine dry
matter content. Three sub-samples of pasture were
weighed, oven dried at 95oC for 36 h before weighing.

Endophyte infection level and tiller density
Endophyte infection was determined in October 2000,
April and September 2001, March 2002 and April
2003 from 40 random tillers cut to ground level per
paddock and using the immunoblot procedure
outlined by Gwinn et al. (1991). Tiller population
density was calculated from 12 randomly placed 5 x
20 cm tiller frames per paddock in August and
October 2000,  January, April and September 2001,
January and April 2002 and April 2003, where the
number of perennial ryegrass tillers, other grass tillers,
weeds and clover growing points were recorded.

Pre-grazing botanical composition, pasture quality
and alkaloid concentration
Two pre-grazing herbage samples per treatment were
collected fortnightly from the next two paddocks to
be grazed in the rotation. Ten 1 m strips of herbage
were cut to ground level and bulked on a paddock
basis. A 50 g sub-sample of pasture was dissected
into ryegrass, white clover, other grasses, weeds and
dead material, before oven drying at 95 oC for 36 h
and weighing. Sub-samples (100 g each) of whole
pasture and perennial ryegrass were frozen at –20 oC,
freeze-dried and ground to pass through a 1 mm sieve.
The whole pasture sample was analysed for estimates
of quality (organic matter digestibility, crude protein
and neutral detergent fibre) using near infra-red
spectroscopy (NIRS) (Corson et al. 1999) and the
ryegrass-only sample was analysed for alkaloid
concentration (lolitrem B, ergovaline and peramine)
using HPLC (Barker et al. 1993).

Statistical analysis
Cow data were analysed using Residual Maximum
Likelihood (REML) in GenStat (Release 6.1) using
cow to cow variation to test for treatment
differences. The combined analysis of 3 seasons
data was carried out using REML including age
group (heifers versus cows) and herd as a fixed
effect and cow as a random effect. Means of milk
production data were calculated for herds
comprising 20% heifers for consistency (proportion
of heifers changed slightly from year to year). Means
produced from the combined analysis will not
necessarily be the same as the mean of the three
seasons analysed individually, because the analysis

adjusts for cows not present for all 3 seasons.
Similar ly, total milksolids may not necessar ily be
equal to the sum of the milksolids from individual
seasons (spring, summer and autumn). Pasture data
were analysed using REML. Botanical composition
was analysed using raw data and after an angular
transformation, but as the conclusions were similar,
the raw data are presented.

Results
Milk production and composition
In the first milking season (2000/2001), cows
grazing AR1 endophyte-infected ryegrass produced
on average 10% more MS (P<0.01) than those on
wild endophyte-infected ryegrass (Table 2). In the
second and third milking seasons, the treatment
differences declined to 5% and 7%,  respectively, and
were not statistically significant. Milk composition
was not affected by ryegrass endophyte in all
milking seasons (Table 2). In a combined statistical
analysis over all seasons,  cows grazing AR1
endophyte-infected perennial ryegrass on average
produced more milksolids than those grazing wild
endophyte-infected ryegrass (Table 3).

Incidence of ryegrass staggers, heat stress and
plasma prolactin concentration
Ryegrass staggers occurred in 12 out of the 18 cows
grazing wild endophyte-infected ryegrass in January
2001 (scores between 0.5 and 3.5), with no further
effects. No ryegrass staggers occurred in any cows
grazing AR1 endophyte-infected ryegrass pasture.
Respiration rates were similar between treatments,
except during March 2002, when cows grazing wild
endophyte-infected pastures had higher respiration
ra tes than those grazing AR1 endophyte-infected
pastures (76 versus 65 breaths/minute, SED = 4.7,
P<0.05). During all summer measurement periods,
cows grazing AR1 and wild endophyte-infected
perennial ryegrass had similar mean body
temperatures (38.6 versus 38.6 oC, SED = 0.039,
NS), mean maximum temperatures (39.3 versus 39.4
oC, SED = 0.079, NS) and mean minimum
temperatures (38.0 versus 37.9 oC, SED = 0.138,
NS). Cows grazing AR1 endophyte-infected
ryegrass had higher plasma prolactin concentrations
than those grazing wild endophyte-infected ryegrass
in February 2001 (25 versus 14 ng/ml, SED = 2.7,
P<0.001) and January 2002 (43 versus 21 ng/ml,
SED = 6.3, P<0.001) (Figure 1).

Pasture production, farmlet pasture cover and
silage conservation
Annual pasture production was similar across AR1
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and wild endophyte-infected
perennial ryegrass farmlets from
September 2000 to September
2001 (14.7 versus 14.4t DM/ha,
SED = 1.11, NS) and September
2001 to September 2002 (14.1
versus 12.9t DM/ha, SED = 0.73,
NS). Average farmlet pasture cover
was also similar between
treatments in all seasons (Table 1).
Silage conserved on the AR1 and
wild endophyte-infected perennial
ryegrass farmlets was approxi-
mately 2300 and 1850 kg DM/ha,
550 and 350 kg DM/ha and 300
and 900 kg DM/ha, in the 2000/
2001, 2001/2002 and 2002/2003
seasons, respectively.

Endophyte infection level and tiller
density
Endophyte infection level was consistently high at
each sampling date in the AR1 and wild endophyte-
infected pastures (mean of 96 versus 98% of tillers
infected). Perennial ryegrass tiller density measured
soon after establishment on 14 August 2000,  was
similar for AR1 and wild endophyte trea tments (2419
versus 2185 tillers/m2, SED = 360.7, NS), and at all
other measurement dates (mean over trial was 3243
versus 3203 tillers/m2, SED = 242.2, NS), as was
clover growing point density (mean over trial was
285 versus 246 growing points/m2, SED = 56.0, NS).

Pre-grazing botanical composition, pasture quality
and alkaloid concentration
The mean botanical composition of pre-grazing
pasture samples collected each season from AR1 and
wild endophyte-infected pastures were similar, except
for a slightly higher white clover content in the AR1
endophyte pastures in 2000/2001 (9 versus 6% of
DM, SED= 1.4,  P<0.05). Organic matter digestibility,
crude protein and neutral detergent fibre contents of
pre-grazing pasture samples were similar between
treatments in all seasons. Seasonal trends in alkaloid
concentrations are shown in Figure 2. Mean
concentrations of peramine were slightly lower in the
AR1 endophyte-infected ryegrass pastures than in the
wild endophyte-infected ryegrass pastures in 2001/
2002 (21.9 versus 24.1 mg/kg, SED=0.67, P<0.01)
and 2002/2003 (22.8 versus 28.0 mg/kg, SED=1.30,
P<0.01). Concentrations of lolitrem B and ergovaline
in the AR1 endophyte-infected ryegrass pastures
remained below 0.1 mg/kg and usually below a
detection limit of 0.05 mg/kg (Figure 2).

Discussion
Cows grazing AR1 endophyte-infected ryegrass
produced 8.9% more milksolids than those grazing
wild endophyte-infected ryegrass (combined analysis:
Table 3). Thom et al. (1999) has repor ted small and
inconsistent reductions (<6%) in milk production due
to wild endophyte in 3 out of 13 short-term tests in
the Waikato. The difference in milksolids production
suggests that cows grazing AR1 endophyte-infected
ryegrass had a higher herbage intake than those
grazing wild endophyte-infected ryegrass. As pasture
production was similar across farmlets, cows grazing
AR1 endophyte-infected ryegrass may have better
utilised the pasture, but this can not be determined
from the current experiment. Liveweight and condition
scores were similar in cows grazing AR1 and wild
endophyte-infected pastures over the three years
(Bluett unpublished data). The magnitude of the
milksolids response varied over the 3 seasons, with
the largest treatment difference in milksolids
occurr ing in 2000/2001 (Table 2). However, it should
be noted that this season was incomplete due to cows
being allocated to farmlets in late September, which
may have magnified the total difference in milksolids
production compared with the subsequent seasons,
which had longer spring periods when alkaloid
concentrations were lower.

Reduced plasma prolactin concentration, increased
body temperature and increased respiration rate have
been consistent responses in sheep while grazing wild
endophyte-infected perennial ryegrass, especially in
hot wea ther (Fletcher et al. 1999). However, on only
1 out of 5 measurement dates in the 2001/2002 season
was plasma prolactin concentration lower in cows
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Figure 1 Mean plasma prolactin concentration in cows grazing perennial
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second season from November 2001 to March 2002 (vertical
bars indicate SED).
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grazing wild endophyte-infected
pastures (Figure 1). Bluett et al. (2003)
also reported that the effect of wild
endophyte on plasma prolactin
concentration in dairy cows was small
and variable over the milking season.
On occasions, cows from both the AR1
and wild endophyte-infected ryegrass
farmlets showed open-mouth breathing
and excessive salivation, which
according to Davidson et al. (1996)
are symptoms of extreme heat load
caused by high air temperatures and
relative humidity. However, mean cow
temperature and respiration rates were
similar between treatments on most
measurement dates in this experiment.
This shows that sheep and dairy cows
respond differently to wild endophyte
possibly because of differences in
grazing management, grazing
behaviour or sensitivity to alkaloids.
For example, dairy cows are moved
more frequently to fresh pastures than
sheep and are therefore less likely to
be forced to graze into the base of the
sward where ergovaline concentrations
are typically highest (Lane et al. 1997).
On few occasions in this study was the
consumption of ergovaline by cows
grazing wild endophyte-infected
pastures high enough to depress serum
prolactin levels, increase respiration
rates or cow temperatures.

Alkaloid concentrations in wild
endophyte-infected pastures were
lowest in spring and increased with
rising temperatures and ryegrass repro-
ductive development (Easton 1999).
Ryegrass staggers occurred in cows
grazing wild endophyte-infected
pastures in January 2001 only,
coinciding with the highest concen-
trations of lolitrem B over the 3 seasons
(>3.5 mg/kg: Figure 2). This variation
in lolitrem B concentration between
seasons reflects differences in environ-
mental conditions, such as water stress (Easton 1999).

Annual pasture production was similar across AR1
and wild endophyte-infected ryegrass farmlets in the
first two years after establishment confirming other
work (Bluett et al. 2001b; Bluett unpublished data).
There was also no difference in ryegrass tiller density
on any measurement date over the experiment. Popay

& Baltus (2001) have demonstrated that ryegrass
seedlings infected with AR1 are more susceptible to
black beetle damage than ryegrass infected with wild
endophyte. As a result, insecticide was applied soon
after establishment in the current experiment.
However, this may have reduced the chances of
pasture production differences occurring as a
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Figure 2 Mean alkaloid concentration: (a) Lolitrem B; (b) Ergovaline,
(c) Peramine in rotationally grazed perennial ryegrass
pastures infected with AR1 (- -) or wild endophyte (- -) over
3 seasons in the Waikato.
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consequence of seedling damage by black beetle.
Peramine concentra tions were high in both the AR1
and wild endophyte-infected ryegrass pastures and
usually greater than 15 mg/kg (Figure 2), the threshold
needed to deter feeding by adult and larval Argentine
stem weevil in spr ing and summer (Popay & Wyatt
1995).

Lolitrem B and ergovaline concentrations in all 3
seasons were almost undetectable in the AR1
endophyte-infected perennial ryegrass pasture (Figure
2), indicating that this farmlet was not contaminated
by wild endophyte-infected ryegrass. This finding
was also confirmed from an analysis of 100 individual
perennial ryegrass tillers per paddock for lolitrem B
presence, with only 4 out of 700 tillers collected from
the AR1 endophyte fa rmlet identified as being
infected with wild endophyte (Bluett unpublished
data). Spray/cultivation or cropping the summer
before sowing was used in the current experiment,
both of which have been shown by Bluett et al.
(2001a) to be effective methods for minimising
contamination. Also, farmlets were self-contained and
only cows in the AR1 endophyte trea tment grazed
the AR1 farmlet. This prevented the transfer of wild
endophyte-infected ryegrass seed in dung from cows
grazing pastures infected with wild endophyte
(Burggraaf & Thom 2000).

Results from this experiment show that sowing a
whole farm in perennial ryegrass infected with AR1
endophyte can increase milksolids production over
one sown in the same cultivar infected with the
standard wild endophyte. Most farmers would have
only a small portion of their farm regrassed with AR1
endophyte-infected ryegrass, and this pasture would
provide safe feed for stock affected by ryegrass
staggers. Ongoing management is required to prevent
the reintroduction of wild endophyte-infected ryegrass
into AR1 endophyte-infected ryegrass pastures. A
withholding period of 2-3 days is recommended by
Burggraaf & Thom (2002) after cows graze wild
endophyte-infected ryegrass pastures with mature
seedheads (December until April) to prevent the
transfer of ryegrass seed in cow dung. During this
withholding period, cows could be grazed on an
alternative forage crop. Alternatively, wild endophyte-
infected ryegrass pastures could be mown before
grazing to remove seedheads. Hay cut from wild
endophyte-infected ryegrass should not be fed out
on AR1 endophyte-infected ryegrass pastures to avoid
introducing seed containing wild endophyte.

Conclusions
This farmlet experiment showed pasture production
was similar regardless of ryegrass endophyte type.

In a combined analysis of 3 seasons data, cows
grazing AR1 endophyte-infected ryegrass produced
8.9% more total milksolids than those grazing the
standard wild endophyte, without any incidence of
ryegrass staggers. AR1 endophyte-infected ryegrass
pastures remained free of contamination from wild
endophyte-infected ryegrass plants for at least 3 years
after establishment.
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