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Summary
The diet of goats includes many plants
not necessarily eaten by sheep and cattle.
Hence we studied their use in control of
Illyrian, nodding and variegated thistles.
Goats ate Illyrian and variegated thistles
in the rosette stage and all three thistles at
the flowering/seeding stage. The amount
eaten depended on the grazing pressure
(both sheep and goats) and herbage mass
(both thistles and pasture) so that season
affected the outcome. Control of these
thistles was achieved. Since goats ingest
thistle seed it should be possible to sig-
nificantly reduce thistle problems.

Introduction
The diet of goats includes many plants not
necessarily eaten by sheep and cattle
(Holst 1993, Leigh et al. 1993). This has en-
couraged the concept of mixed grazing—
the practice of grazing more than one ani-
mal species either concurrently or
sequentially—which is usually associated
with an increase in animal production.
However, a more important outcome is
the effect on the pasture so that with an
understanding of a plant’s palatability to
animals, it is possible for graziers to con-
trol most of the pasture weeds in eastern
Australia (Allan et al. 1993).

Thistles provide a good example of di-
etary selection and the potential to use
mixed grazing as a means of weed sup-
pression (Rolston et al. 1981, McGregor et
al. 1990, Sindel 1991). Despite good physi-
cal defences, thistles are highly palatable
to goats at the flowering stage (Leigh et al.
1993). We wish to report on some grazing
experiments conducted on Illyrian, nod-
ding and variegated thistles. In an associ-
ated experiment we examined the possi-
bility of seed transfer of the weeds Illyrian
thistle, nodding thistle and scotch broom,
by faecal droppings following their inges-
tion by sheep or goats.

Materials and methods

Illyrian thistle (Onopordum illyricum)
The experimental site was a degenerated
pasture at Boorowa on the south-west
slopes of New South Wales where the
stocking rate was estimated to be 7 DSE
per hectare. The experiment consisted of
four plots, each of 2.8 ha with a sheep
alone treatment (23 sheep), a goat alone
treatment (30 goats) and two levels of
sheep and goats combined (15 sheep and
10 goats, 20 sheep and 8 goats). The sheep

and cashmere type goats were stocked at
equivalent rates in terms of maintenance
energy requirements. Measurements on
the thistles were made in four sets of open
and closed (3 × 3 m) quadrats within each
treatment. Every 6–8 weeks, and more
frequently at flowering, data were col-
lected on thistle height, width and number;
capitula and flowering stems eaten and
not eaten; and seedling counts.

Nodding thistle (Carduus nutans L.)
The site was an arable, planar site at
Crookwell on the southern highlands of
New South Wales. Pasture consisted of
demeter fescue, ryegrass, white and sub
clover and some annual grasses. Thistle
was uniformly spread across this paddock
and occupied 22% of the area when as-
sessed in mid winter. The experiment con-
sisted of six 5.0 ha plots with two grazing
treatments (2 levels of sheep and goats)
and three replications. Initial stocking rate
was equivalent to 3.5 DSE per hectare, but
was increased to 14 DSE from mid Spring
to late Autumn. Three open and two
closed quadrats (3 × 3 m) were established
in each of the six plots. From each of these,
vegetative data were recorded every six
weeks and more so at flowering. Counts
of nodding thistle seedlings were con-
ducted in Autumn.

Variegated thistle (Silybum marianum)
A degenerated barley grass dominant pas-
ture located at Cowra in the central west
of New South Wales provided nine plots
each of 0.75 ha on which three treatments
(100% sheep, 66% sheep and
33% goats, 33% sheep and 66%
goats) were replicated three
times. On each plot five random
0.25 m2 quadrats were used for
pasture estimation and a per-
manent 40 m transect for thistle
measurements.

Seeds
Seeds were collected from ma-
ture capitula of nodding thistle
and Illyrian thistle during the
flowering period, approxi-
mately six months prior to the
feeding experiment. Branches
from scotch broom containing
mature seed pods were har-
vested and pods allowed to
open and seeds collected. All
seeds were stored in paper bags

at room temperature in a dark cupboard.
Immediately prior to feeding weed

seeds, viability was determined by allow-
ing seeds to germinate for 21 days and
then cutting those remaining to determine
the presence of an embryo. Viable seeds
were determined as the sum of those ger-
minating and containing an embryo. Four
thousand five hundred viable seeds of
scotch broom, 3460 viable seeds from nod-
ding thistle and 3780 viable seeds of
Illyrian thistle were combined into a single
‘ration’ just before feeding.

Animals
Six mature female cashmere type goats
and four mature female Border Leicester ×
Merino ewes were housed in metabolism
cages. All stock were conditioned to the
feeding regime over a period of two
weeks prior to the feeding of the weed
seeds. All species of weed seeds were fed
to goats, however only Illyrian thistle
were given to the sheep. Intake of lucerne
chaff was monitored for two weeks prior
to feeding and on the day of feeding the
weed seeds, 80% of the normal daily ra-
tion of lucerne chaff was combined with
the weed seeds and fed in the early morn-
ing to sheep and goats. This reduction in
chaff was undertaken to ensure complete
consumption of feed.

Faecal collection
On each of the following five mornings
faeces were collected from each animal.
Seeds were collected by wet sieving, and
were identified and separated into like
species. They were then placed on filter
paper moistened with fungicide, and al-
lowed to germinate for 21 days.

Results

Illyrian thistle
Both sheep and goats grazed the thistle
rosettes between August and October
resulting in a reduction in diameter by
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Table 1. Height of Illyrian thistle at flowering.

Height (cm)

Open Closed Reduction
Treatment quad quad  (%)

100% sheep 59 93 36
66% sheep 33% goats 50 108 53
33% sheep 66% goats 0 76 100
100% goats 3 100 98

Table 2. Percentage of Illyrian thistle flowering
stems eaten.

Month

Treatment Nov Jan Mar

100% sheep 0 43 70
66% sheep, 33% goats 52 44 73
33% sheep, 66% goats 75 100 100
100% goats 34 100 100
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20–40% in all plots. The effects of grazing
were further reflected in the height of the
thistles at flowering where height was re-
duced by 36% in the sheep alone plot and
100% in the goat alone plot (Table 1).
Goats consumed significantly (P<0.001)
more flowering stems than sheep (Table
2).

Nodding thistle
Sheep did not graze the nodding thistle
rosettes and only occasionally the flower-
ing capitula. Goats occasionally ate the
larger (>30 cm) rosettes but had a signifi-
cant impact on the capitula (Table 3).

Variegated thistle
Sheep ate very little variegated thistle
whereas goats readily ate the leaves and
seedheads (Table 4, Figure 1).

Seeds
Each species of the weed seed continued to
be collected for the following five days af-
ter feeding. The greatest quantity of each
species was recovered on days 2 and 3 af-
ter feeding and was not different between
sheep and goats (Figure 2) for Illyrian this-
tle.

Differences existed between animals in
recovery of seed. One particular goat ac-
counted for 50.5, 73 and 37% of recovered
seeds for scotch broom, Illyrian thistle and
nodding thistle respectively. Less than 1%
of the viable seeds fed for the thistle spe-
cies, were recovered from the faeces. This
contrasted with the average 10% recovery
of seed from scotch broom (Table 5).

Germination of the recovered seeds was
lower than the pre-feeding test (Table 6).

Some variation between animals was
apparent in the number of seeds recov-
ered. If data from the aberrant animal
were removed, then the number of seeds
recovered would be significantly less than
that presented. Recovered seeds from
scotch broom would amount to 1.8% of
those fed.

Discussion
Goats readily included each thistle in their
diet particularly at flowering and post
flowering as the seed heads developed.
Since there is a general linear relationship
between amount eaten and number of
goats, control could be effected by ma-
nipulating the number of goats and/or
seedheads (by chemical). The result would
be fewer viable seeds being added to the
soil based population.

The number of recovered seeds from
the thistle species indicates that rumen ac-
tivity digested 99% of seeds ingested. This
indicates that when the studied thistle
seeds are consumed by goats (and sheep),
that dispersal via the faeces will be a mini-
mal factor contributing to spread of these
weed species. Simao Neto et al. (1987) re-
ported that increasing the time that seed

Table 3. Per cent of nodding thistle grazed by sheep and goats and mean
height (±± s.e.) of grazed and ungrazed plants. Eaten P<0.001, height P<0.001.

Sheep Goat

Eaten Height Eaten Height
Month of year (%) (cm) (%) (cm)

December 0 22
January 7 74.4 (4.5) 93 56.7 (33)
February 5 79.4 (2.9) 85 57.2 (46)
March 3 77.3 (2.3) 96 62.9 (2.2)
April 9 78.3 (2.5) 100 52.4 (6.4)
May 50 63.3 (5.2) 93 42.8 (7.5)

Table 4. The effect of grazing on variegated
thistle.

Vegetative stage At flowering

Diameter Height Height Seedheads
Treatment (cm) (cm) (cm) per plant

Sheep 54 31 162 27
Low goat 49 14 129 13
High goat 33 8 59 3

Figure 1. Variegated thistle groundcover in
sheep and goat plots.
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Table 5. Recovered seeds from goat and sheep
faeces as a proportion of the number of viable
seed fed.

% Seeds recovered

Species Viable seeds fed Goats Sheep

Illyrian thistle 3780 0.16 0.13
Nodding thistle 3460 0.2 –
Scotch broom 4500 9.9 –

Table 6. Per cent germination of recovered
seeds which contained an embryo.

% germination of seeds which
contained an embryo

Pre Post
Illyrian thistle 7.7 0.1
Nodding thistle 46.8 0.01
Scotch broom 1.9 2.3

were in the rumen increased
the proportion of damaged
seed. The period in the rumen,
for the majority of seeds (36
hours), was sufficient to allow
complete breakdown of the
majority of the seeds.

The reason for a lack of ger-
mination of recovered seeds
from Illyrian thistle and nod-
ding thistle cannot be ascer-
tained from this study. As
some recovered seeds con-
tained an embryo, they poten-
tially are still viable. However,
it is unclear whether any dor-
mancy remains in the recov-
ered seeds or rumen liquor has
indeed killed the seed and ren-
dered them non-viable. Not-
withstanding unknown viabil-
ity of the recovered seeds, fol-
lowing ingestion the majority
of seeds disintegrated during
mastication and passage
through the rumen. Other
studies have indicated that
seed survival with passage
through animals was related
to the degree of hardseedness
(Simao Neto et al. 1987,
Blackshaw and Rode 1991).
Grass and legume seed con-
tent in the faeces was highest
between 24 and 72 hours post
feeding (Simao Neto 1987)
which is reflected in this study.

Both Illyrian thistle and nod-
ding thistle may act as an an-
nual or biennial plant, so that
at any one time several gen-
erations may be present in a
population. This reduces the
efficiency of herbicides. How-
ever, this is not a problem with
goats, who effectively accom-
modate a mixed generation,
plants near fences and trees, non-arable
areas and weather which is not suitable for
chemical application.

Although goats clearly select thistles for
inclusion in their diet, effective thistle con-
trol requires the presence of a vigorous
pasture to compete with the weed. The

ingestive behaviour of goats helps to
achieve this objective (Gong et al. 1996).

Conclusion
Targeted grazing of thistles with goats
and other farm livestock provides a useful
technique to control thistle. Because goats

Thistle groundcover 1993
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can control the amount of seed entering
the soil they represent an important tech-
nique and should be part of the integrated
control of thistles.
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Herbicide management and thistle control—how to
avoid resistance

K.C. Harrington, Department of Plant Science, Massey University, Palmerston
North, New Zealand.

Summary
Applying phenoxy herbicides annually
to thistles for many years can lead to her-
bicide resistance developing within this-
tle populations. Populations of nodding
thistle have been located in Hawkes Bay
which require six times more MCPA than
normal to obtain adequate control. Such
populations are known to exist on at least
12 properties in Hawkes Bay and
Waikato. A comparison of past spraying
practices on these properties and farms
where resistance has not developed iden-
tified that resistance has occurred due to
more frequent use of phenoxy herbicides
on the former properties. Cross-resist-
ance exists within these populations to
2,4-D, MCPA and MCPB. Thus such this-
tles can only be controlled by adding
clopyralid to one of these herbicides,
which is damaging to pasture legumes.
Work with radio-labelled MCPA has
shown that resistance is due to an in-
creased rate of herbicide degradation
within the plant rather than reduced up-
take, so adding surfactants to the herbi-
cide will not overcome the resistance.

Based on research results from a range
of sources, the following recommenda-
tions could be made. Intense herbicide
pressure can be justified on thistle species
which are just establishing on a property.
However, once populations have well es-
tablished seed banks, a better strategy
may be to rely mainly on good pasture
management techniques to reduce the
impact of weeds which are present. Sow-
ing pasture species tolerant of dry condi-
tions is probably the most useful pasture
management strategy. Ensuring that
these pastures are not overgrazed in sum-
mer and early autumn should help reduce
establishment of the seedlings each au-
tumn. Grazing paddocks with cattle
rather than sheep can avoid overgrazing,
and goats can reduce seed production by
eating the seed-heads. Farmers may need
to be more tolerant of low thistle num-
bers, and spray only in those years when
densities are high. Thus resistance will be
less likely to develop, so thistles will still
respond to herbicides in those years when
control is really necessary.

Introduction
Although it was once thought that herbi-
cide resistance was unlikely to develop in
weed species sprayed with phenoxy her-
bicides, work in New Zealand has shown
that populations of nodding thistle
(Carduus nutans) have become resistant to
MCPA and 2,4-D through their continued
use (Harrington 1990). The aim of this pa-
per is to outline the work that has been
conducted in New Zealand to study herbi-
cide resistance in nodding thistle and to
offer suggestions as to how farmers could
avoid herbicide resistance developing in
this and other thistle species growing in
pasture.

Herbicide resistance in New
Zealand thistles
Poor control of nodding thistle at Argyll in
Hawkes Bay during the early 1980s
prompted tests to be conducted to check
whether resistance may have developed
in the population. As the development of
resistance to phenoxy herbicides had
rarely been documented before this time,
poor control was assumed to be due to
environmental factors. However when
nodding thistle from Argyll was grown
from seed in a glasshouse beside nodding
thistle from another site where satisfac-
tory control was still being obtained, a sig-
nificant difference in susceptibility was de-
tected (Harrington and Popay 1987). Size-
able differences in susceptibility to MCPA
were detected each time this comparison


