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Abstract

Four 2.5 ha farmlets based on endophyte-infected
(H) and endophyte-free (L) ryegrass were
established with or without white clover (xC) in
March 1993. Fifteen cows were alocated to each
farmlet before 3-week test periods in spring,
summer and autumn. Milk yield and composition
(fat, protein, lactose), cow rectal temperature,
liveweight, condition score and incidence of
ryegrass staggers were measured. Pasture sampling
included assessments of yield, botanical compo-
sition, alkaloid, and endophyte content. H and L
endophyte ryegrass treatments contained 94 and
26% endophyte, respectively, in March 1994.
Herbage accumulation on dl tretments was similar
over the season (20 May 1993 - 19 April 1994).
Treatments did not affect milk production in the
October test period. Interaction between endophyte
and clover in the January/February period showed
cows on the L + C treatment produced more milk
than all others (10.3 vs 9.0 |/cow/day). However,
in the Mach tet peiod a different interaction was

apparent ascows on the-H-+C-treatment.produced_

less milk than al others (4.7 vs 6.3 I/cow/day),
and al cows on H endophyte showed clinical
ryegrass staggers. Milk production responses were
not directly related to the endophyte status of the
pastures in any test period. Treatment trends for
green herbage consumed in March were similar to
those for milk production.

Keywords:  Acremonium lolii, dary cows grazing,
lolitrem B, Lolium perenne, milk production,
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Introduction

Mog dary cows ae grazed on pastures dominated by
perennid  ryegrass (Lolium perenne L.) and white clover
{Trifolium repens L.), @ high proportion of the ryegrass
plants containing the fungal endophyte Acremonium
lolii Latch, Chrigensen & Samuels The endophyte has
been asociged with the production of dkaoids such
as peramine Which acts as a feeding deterrent for
Argentine stem weevil (Rowan & Gaynor 1986) and

ergopeptines and other compounds which similarly
affect black beetle (Ball & Prestidge 1993). The
ergopeptines, patticularly  ergovdine, ae dso implicated
in the deveopment of hest dress symptoms in grazing
animas (Fletcher 1993), and another dkaoid, lolitrem
B. dx produced by the endophyte causss ryegrass
dagoers  (Gelagher et a. 1981). Thus, dary pastures
containing  endophyte-infected  ryegrass have resdance
to insect atack but cows may be exposed to ryegrass
degoers, possble het dress in wam  regions (eg.
Northland), and undefined  subdlinicl  effects  (Hletcher
et al. 1990; Pretidge 1993) owing to the presence of
various dietary  dkaoids.

Few trials have measured the effect of ryegrass
endophyte on  milksolids  production by dairy cows.
Unpublished Manawatu work (C.W. Holmes pers.
comm,) from spring 1987 to summer 1989 showed no
consstent  differences in - milksolids  yidlds  from  cows
grazing pure swards of an endophyte-infected or an
endophytefree  ryegrass culivar; no clinicd staggers
were sen in these trids Even in summer 1987,4 cows
which exhibited clinicd Sgns of ryegrass Saggers over
the %week grazing period showed surprisingly small
decreasss in milkfat yidd. Taranaki research (McCallum

& Thomson 1994) during the 1992/93 season showed
no differences in milksolids production from cows
grazing pure swads of different ryegrases  associated
with contresting levels of lolitten B and ergovaine.
However, Valentineet al. (1993) reported for South
Augrdian conditions, where cows grazed pure swards
of irrigated endophyterinfected and  endophytefree  lines
of aNew Zealandryegrass cultivar, that 4-14% less
miik was produced from the infected than from the
endophyte-free line during the 1991192 season. In
contrast to the reported tridls, trestments imposed in the
curent work covered the normd mixed sward Situation
where the presence of white clover in the cow's diet
may diute the effects of ryegrass endophyte. This paper
preents daa from 1993/94, the firg milk production
sason covered by the trid.

Materials and methods
Site

The trial was located at the Dairying Research
Corporation, No. 5 Dary, Hanmilton, New Zedand.
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Rainfall was about average (171 mm) in March/
Apil 1993, but from December 1993 untl March 1994
it was 33% below average (361 mm), with February
1994 the driex month (33 vs 70 mm average). Screen
maximum ar temperatures during the October, January/
Februay and March animd tet periods ranged from
15.6-20.1°C, 22.5-26.9°C and 18.7-25.4°C, respec-
tively. During the January/February test period, 12 of
the 21 test days exceeded 25°C compaed with only 2
days during the March period.

Treatments and tria desgn

Ryegrass treaments were established in March 1993
by crossdrilling (7 kgha exch pess) the same line of a
commercia  perennid  ryegrass  cultivar, after  raying
with glyphosate (0.72 kg ai/ha). Hdf the tid aea (20
paddocks, each 025 ha) was drilled with high (‘wild
type or common . 85% infection) endophyte seed (H)
and the remainder with low (0% infection) (L)
endophyte seed. Haf of the H and L paddocks were
edablished with ‘normd’ levels of white clover (+C)
(Grasdands Kopu dso sown a 3 kgha in March 1992),
while the othes were sprayed in December 1992 with
dicamba (040 kg ai/ha) and MCPA (0.75 kg ai/ha) to
remove resdent white clover (-C). The 4 tregtments
were randomly arranged in paddock pairs within 5
blocks in a 2x2 factorid desgn. The 10 paddocks per
treatment were considered as a farmlet for grazing
PUrPOSES.

To obtan aufficient aea for milk yidd messure
ments, the cows (mostly Jerseys) were grazed twice
over the 10 paddocks in the 3, 2l-day test periods:
October  (02/10/93-21/10/93), January/February  (28/01/
94-17/02/94) and March (06/03/94-24/03/94). Fifteen
cowsltreatment were used in the fird two periods and
10 in the third, because of poor pasture growthin
February/March.

Pasture measurements

Herbage DM accumulation and composition: A (0.5m?
exclosure cage was randomly locaed near the centre
of each paddock on 20 May 1993, and the herbage
within was cut to a 2 cm dubble. Regrowth was assessed
on 8 occasons from 19 July 1993 to 19 April 1994 by
cutting a 0.25m? quadrat within the cageto a2 cm
subble.

Fifty readings by acalibrated rising plate meter
(L'Huillier & Thomson 1988) were made before and
dter esch grazing to esimate herbage consumed by the
cows during each test period. The pre-grazing
measurements provided an estimate of herbage
dlowance.  Similarly, 40 pasture readings per paddock
by a prototype radiometer (Thom et al. 1994) were
averaged to provide esimates of green herbage DM

before and after grazing in the March test period. These
daa were used to cdculate green DM consumed by the
COWS.

Herbage dipped from the exdosure cages from July-
December 1993 was disscted into perennid  ryegrass,
white clover, Poa Sp., weeds and dead materid of all
gpecies.  Theredfter, samples for dissection were obtained
by clipoing herbage a intervlls on a diagond across

ech  padock.

Endophyte levels: 10 ryegrass tillers were randomly
sdected from 10 H and 20 L paddocks in August 1993,
and January and March 1994, for staining and
microscopic - examindion  for the presence of endophyte
mycellium.

Lolitrem B and ergovaline levels: Lolitrem B
concentration was measured monthly from July 1993 in
herbage samples cut to ground level on a diagond across
each paddock, and bulked within trestments. Herbage
was freeze dried and findy ground before andyss using
the method of Gallagher et al. (1984). Sampleswere
dso tested for ergovdine content using the method of
Baker ¢ al. (1993).

Animal  measurements during test periods

Duing the week before each tes period the cows were
grazed as one herd on high endophyte ryegrass, outside
the trid aea Daa collected during this period were
used as a covariae to adjust comparable andyses during
the 3-week tet perod. Allocation of cows to treatments
was baanced and randomisgtion was based on milksolids
production, liveweight, condition score, and  previous
experimentdl  trestment.  This  procedure  was  repested
before exch tet period.

Milksolids  production: milk volume and composition
(fat, protein and lactoss) was messured twice weekly a
consecutive milkings during each test period. Milksolids
ae ddiined as fa plus proten.

Rectal temperatures: hand-held digital thermometers
were used to record cow rectal temperatures before
dternoon milkings, on 3 days during each wesk of the
ted period and the preceeding week.

Ryegrass staggersincidence: the incidence of clinical
ryegrass Staggers was recorded throughout the test
peiods usng a dandard index adapted from  Keogh
(1973). (0 = no daggers, 5 = animd unable to sand).

Liveweight and condition score: animds were weighed
and visudly scored for condition a the beginning and
end of exch test period.
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Grazing management

The trid wes rotationdly grazed by dary cows, the
first grazing in mid May 1993 being about 8 weeks
from drilling. Over each test period, the aim was to
offer gmilar herbage dlowances to the cows on each
treatment, 0 herbage dlowance did not confound milk
production responses.  Each paddock was grazed twice
in rotation during each test period.

Fertiliser applications

Potassium (50 kg/ha) was applied in August 1993.
Urea (40 kg N/ha) was applied bi-monthly to the .C
paddocks, providing a totd of 280 kg
N/ha from April 1993 to May 1994.
The +C paddocks receved 80 kg N/ha
during establishment  (April-June  1993)

a about 8% of DM. White clover levels were vaiable
throughout the trial, and were close to zero in -C
tretments during  winter/spring,  pesking  in summer
(Jonuary) a about 5% of DM, then declining. White
clover levelswere also low (3-7% of DM) inthe +C
treatments up until a January peak of 15% of DM,
before reumning to prepek levds Dead maerid was
a major pasture component over summer/autumn
peking in dl treaments in Februay a about 50% of
DM (Figure 1). In April there was more dead materia

in H than in L tresments (36 vs 24% of DM, agpprox.

SED=3.3).

Figure 1 Ryegrass, Poa and dead materid contents (% of DM) of high (H) and
low (L) endophyte pastures during 1993194,

and a futher 40 kg N/ha in December.

Statistical analysis
100
Analysis of variance and covariance
models provided by the statistical
package ‘ SAS were used to test for
treatment differences. Data obtained
from individual cow measurements
were considered as replicates for
adyss of tretment  differences.
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atumn the L-C treatment accumulated
les DM (Table 1).

Botanical composition of pasture

Ryegrass and Poa dominated totd DM during winter
and suring (July-December, Figure 1), there being few
treatment differences. Poa contributed up to 32% of
DM in July but was less than 10% by December.

Ryegrass content was highes in  November/December
Table 1  Sessond and total herbage DM accumulation (t DM/
ha) from 20 May 1993 to 19 April 1994,

Treatment Winter Spring Sum/Aut Total

(20 May (7 Oct (19 Jan

-1 Sept) -15 Deg) -19 Apr)
H+C 3.0 5.3 3.7 12.0
H-C 3.4 5.3 3.0 12.5
L+C 3.2 3.9 4.0 11.0
L-C 3.4 5.2 2.7 11.3
LSD (5%) 0.4 1.2 0.6 1.0

Ryegrass endophyte levels

The percentage of plants infected with endophyte
increased from 81% in August 1993 to %4% in March
1994 for H aess, and smilaly from 3% to 26% in L
areas.

Lolitrem B and ergovaline concentrations imryegrass
Monthly anadyss showed there was <1.5 pg/g DM of
lolitrem B in pasture samples during winter/spring
(July-December). However, in summer/autumn
(January-April) levels of lolitrem B increased in all
trestments, but were on average about 6-fold higher in
the H than in the L trestments (Table 2). Ergovaine
levls were low (<0.5 pg/g DM) during winter/spring;
in summer/atumn they increased in H treatments to a
peak in March/April of 1.0 ug/g DM compared with
05 pg/g DM in L trestments.
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Table2 Lolitrem B concentrations {ugfg) in pasture DM.

Treatment

Date H+C H-C L+C L-C
1993

16 September 0.10 nd. n.d. nd.
12 October 0.23 0.32 nd. nd.
15 November 1.39 1.29 0.09 0.11
13 December 0.63 0.92 0.09 0.12
1994

11 January 2.43 2.31 0.34 0.10
0 February 2.40 4.15 0.75 0.49
8 March 2.51 3.40 0.30 0.59
8 April 2.60 3.40 0.46 0.99

n.d. = not detected above background levels(«0.02 ug/g)

Cow pagture allowance

Average daly pedure dlowance was dmilar for
the cows in the October and January/February test
periods. However, in March the dlowance for cows
on L-C was 14% below the average for the other
treatments. Radiometer estimatesin March for the
average green DM dlowance show that H+C was 20%
lower than H-C and L+C and smilar to L-C (Table 3).

Table3 Average daly pasture dlowance (kg DMfcow/day)
in the 3 test periods, and green herbage dlowance
(kg DM/cow/day) in the March test period.

Treatment October January/February -March e
pasture green

H+C 02 52 55 12.2

H-C 00 50 59 15.4

L+C 00 49 54 15.3

L-C 63

LSD (5%) 9.1 54 it 1 3

Cow liveweight, condition score and rectal temper -
atures

Liveweight did not differ Dbetween trestments during
the test periods and averaged 416, 405 and 393 kg/
cow for October, January/February and March,
respectively.

The average condition score of the cows did not
change over each ted period and wes 4.9, 4.9, and 4.1
for  October, January/February and March, respectively.
However, in October the condition scores of cows on
L were ggnificantly higher by 03 units than H cows,
with the reverse applying in March as H cows exceeded
L cows by 0.2 units.

Rectal temperatures of the cows did not differ
between tresments during the tet periods averaging
38.6°C.

Incidence of ryegrass staggers

Clinical ryegrass staggers occurred during the third
wesk of the March test period in dl cows on the H
treatments, and was unaffected by clover treatment.
The average score for the affected cows was 2.4
(exhibiting heavy tremors throughout the body), and
only one cow was removed from the trid because of
staggers-induced handling difficulties. No cows on
the L trestments showed clinicd symptoms of ryegrass
staggers.

Milk production

No trestment differences in milk production occurred
in October, but during the January/Febuary period cows
on the L + C treatment consstency produced more milk
than those on the other treatments (Table 4). On average
over the March period, L + C cows produced more milk
than L-C and H+C but not H-C. H+C cows were a0
less productive than dl other cows The later effect
was drong in the fird and second weeks of the period
but in the third, the H+C cows produced marginaly
lower (P<0. 1) than those on H-C and similar to those on
L-C (Table 5). Trends were similar for milksolids
production (Tebles 4, 5).

Milk volume/cow had declined to a low leve by
March as the cows grazed down to low resduds (300-
900 kg DM/ha = determined by quadrat cuts to about a
1.5cm dubble). The cows were dried off immediaey
the frid finished

Table 4 Milk volume (I/cow/day) and milksolids (kg/cow/day)
aeraged  Over 3week periods in October 1993,
January/February 1994 and March 1994,

October January/February March

Treatment Volume Solids Volume Solids Volume Solids

H+C 16.0 157 92 093 47 051

H-C 169 160 9.2 0.90 63 066

L+C 169 150 103 102 60 071

L-C 15.0 140 0.7 0.07 59 042

LSD (5%) 0.06 0.11 0.60 0.06 069 0.06

Table 5 Milk volume (I/cow/day) and milksolids (kg/cow/day)
production during the third week of the March test
period, and average radiometer estimates of green DM
consumed (kg/cow/day) during the same period.

Treatment Milk volume Milksolids Green DM

consumed

H+C 33 0.39 46

H-C 45 0.51 6.2

L+C 55 0.59 6.2

L-C 4.1 0.47 53

LSD (5%) 13 0.13 1.3
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Discussion

There were inconggent effects of tretments on  milk
production in the firs year of this trid.

There were no effects of endophyte on milk
production in the spring test period (Table 4), when
lolitrem B levels in the herbage in H treatments
averaged 027 pg/g DM (Table 2). This contrasts with
Australian work (Valentine et al. 1993) where a 4%
decline in spring milk production was reported for
cows grazing herbage contaning average lolittem B
levels of 023 pg/g DM. McCallum & Thomson (1994)
repoted no  adverse  effects on milk production  with
average spring levels of lolitrem B of 0.66 pg/g DM.

The cows on the L+C treatment produced more
milk duing the January/February test period than on
dl other trestments (Teble 4). This effect is difficult
to explain since for +C treatments the cows on low
endophyte produced 12% more milk than those on the
high, while for -C treatments the high endophyte cow
production was superior by 6%. Pasture allowances
were dmilar (Table 3) as were cdover contents for +C
treaments (goprox. 15% in January declining to 3%
of DM by mid-February).

Pasure DM was dominated by ryegrass and dead
material during February/March (Figure 1), as low
ranfdl and grazings during the previous test period
reduced the clover content to low levels in all
tretments.  Despite the virtud disappearance of  clover
before the March tes perod, the same trend of L+C
cows producing the most milk was evident (Table 4),

—although-H-C-cows-also-produced-a-similar-volume.-A—The-first-season’s-milk—production-responses—were

drong treatment interaction (P<0.001) was caused by
cows on the H+C treatment having inferior milk
production to al other cows. This meant cows on H-C
produced 34% more milk than H+C, and those on L-C
produced 15% less than on L+C. The same interaction
wes evident for the third wesk of the March tet period
(Table 5) when clinicl symptoms of ryegrass Staggers
occurred in dl cows on H trestments However, milk
production differences between cows on L+C and L-C
wee d0 lage (+34%) in faour of the former. Lower
summer/autumn  herbage accumulation dso  occurred
on the L-C treatment (Table 1) leading to a lower
padure dlowance (Table 3). This suggests that neither
lolitrem B nor the development of ryegrass staggers
was the most important determinant of the results.
Sress caused by inteke of ergovdine was unlikey to
have affected milk production since cow rectal
temperatures were not devated (Hetcher 1993) in ayy
test period, and at least for March, ambient
temperatures rarely exceeded 25°C.

A possible explanation of the variable milk
production responses could be related to the proportion

of green DM consumed by the cows. The trends
expresed in the andyss of green DM (Table 5) are
very similar to the average milk production trends
expressed for the March test period (Table 4). Pedure
digedtibility has been shown to be closdy reaed to
the proportion of green DM, the digedtibility of which
remans high throughout the vyear reldive to dead or
non-green  tissues (Rattray 1978, Holmes 1987), and
thet intke of green DM has a drong influence on milk
production  (Holmes 1987). Pasture andyss (Figure
1) also shows more dead matter in H than in L
endophyte paddocks, before and after the third test
peiod when thee wes less resdud DM, particulaly
on the L-C paddocks and consequently less dead matter
(19% of DM) than on the other trestments (28-39% of
DM).

)We believe it is necessay to invedigate possible
endophyte effects on milk production when ryegrass
is grown with its usual companion legume, white
clover. Experiments repoted to date have attempted
to measure endophyte effects using pure ryegrass
svads, and 0 no mesure of posshle dilution effects
on dkdoid concentrations from the pressnce of clover
can be determined. Our results demonstrate that
complexities arise aong with the incluson of white
clover treatments which thus far have made
interpretetion of data more difficult, but which may
claify a the trid procesds.

Conclusions

vaidle and canot be dealy rdaed to the presence
of endophyte and associated dkaloids like lolitrem B.
It is possble tha other yet to be determined chemicas
associated with the endophyte are important in
determining  milk  production  responses.  Alternatively,
the current cow milk production responses may have
litle to do with akaoids present in the diet and more
to do with the proportions of green DM. The later
measurements will be extended in the following
S8as0Ns.
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