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Interference between pasture plants and thistles—a

review

G.W. Bourddt, AgResearch, PO Box 60, Lincoln, New Zealand.

Summary

The proposition that thistles may be con-
trolled in pasture biologically by inter-
ference from neighbouring pasture
plants is reviewed. Central to this ap-
proach is the hypothesis that the species
composition and vegetation cover of a
pasture influence birth and death rates in
thistle populations, and hence also, popu-
lation size. Experiments conducted
mainly in New Zealand, Australia, USA
and UK with species of Cirsium, Carduus,
Silybum and Onopordum confirm that
pasture grasses and legumes exert power-
ful inhibitory influences over seedling
emergence and seedling and rosette sur-
vival in thistles. Pasture grasses, particu-
larly perennial species, are generally
more effective than legumes. This ap-
pears to be related mainly to their higher
cover density, implicating competition as
amechanism, although there is some evi-
dence that allelopathy may also operate.
Lolium perenne, Holcus lanatus and
Phalaris aquatica are particularly effec-
tive inhibitors of thistles. Pasture gaps
play a key role in thistle seedling emer-
gence and it is concluded that pasture
management that promotes a dominant
perennial grass component and an ab-
sence of small gaps is most likely to pre-
vent thistle invasions. Research is needed
on how grazing management and other
factors including soil fertility and soil
moisture influence the creation and clo-
sure of pasture gaps and the balance be-
tween grasses, legumes and thistles in
pastures.

Introduction

Spatial and temporal variation in the size
of thistle populations in pastures is com-
monly observed and often appears to be
related to pasture cover and species com-
position. This observation has lead to the
general hypothesis that interference from
sown pasture species plays a dominant
role in regulating population size in these
weeds. Thistle control recommendations
promoting interference from pasture spe-
cies have arisen from this hypothesis for
Cirsium vulgare (Scotch or spear thistle)
(Anon. 1978), Carduus nutans (nodding or
musk thistle) (Cregan and Scarsbrick 1977,
Popay et al. 1979), Carduus tenuiflorus (slen-
der or winged thistle) and C. pycnocephalus
(slender winged or shore thistle) (Bendall
1973), Onopordum acanthium (Scotch or cot-
ton thistle) and Onopordum illyricum (lllyrian
thistle) (Gammie 1972), and Silybum
marianum (variegated thistle) (Anon 1978,

Michael 1968a). The ecological evidence
supporting these control recommenda-
tions is reviewed in this paper and sugges-
tions for the direction of future research
on this topic are made.

Evidence for pasture interference
from experiments in which pasture
cover is manipulated

Cirsium spp.

Forcella and Wood (1986) investigated the
effect of two levels of pasture interference
on the demography of a natural popula-
tion of the biennial C. vulgare in an annual
pasture composed of Bromus rubens,
Lolium rigidum and Trifolium subterraneum
at Canberra, Australia, by leaving 1 ha of
the pasture ungrazed for three years, and
grazing 0.5 ha with sheep when forage
was available. The thistle plants in the
grazed pasture were, on average, larger,
with more flower heads per plant and
more seeds per head than plants in the
ungrazed pasture. Significant population
effects were evident by the second year. In
the third year 14 times as many seeds were
shed, and there were 18, 5 and 40 times as
many seedlings, rosettes and adult plants
respectively in the grazed pasture when
counted in April or May. Estimates of the
average annual transition probabilities be-
tween these life history stages for the
three years showed about 50% of rosettes
present in one year survived to become
adults in the next year regardless of graz-
ing. By contrast, the transition from seeds
produced in one year to seedlings the next
year was 1.5 times greater in the grazed
pasture (0.149 compared to 0.098), but the
transition most affected by pasture inter-
ference was that from seedling to rosette
which was five fold greater in the grazed
pasture (0.01 compared to 0.002). Seedling
mortality began in the autumn in both
grazed and ungrazed pastures, but pro-
ceeded at a greater rate during the winter
in the ungrazed pasture in each of the
three years.

Silverton and Smith (1989) planted seeds
of C. vulgare in the winter into a perma-
nent grass pasture in England under two
levels of summer grazing (using sheep)
and all combinations of some or no winter
and spring grazing; these grazing regimes
had been imposed for two years prior to
the experiment. The percentage seedling
emergence was determined during the
next six months, and at the same time that
the seedlings were counted for the final
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time in the summer, naturally-occurring
rosettes were censused in each of the graz-
ing treatments. Spring grazing increased
the mean seedling emergence overall
from 3.5 to 8.5%, and also resulted in a
three fold increase in rosette numbers.
Using seedling emergence as a covariate
in the analysis of rosette numbers, 77% of
the variance in rosette numbers was ac-
counted for, indicating that the main effect
of grazing on thistle rosette numbers was
indirect, through a grazing-mediated in-
terference with germination conditions.
Possible mechanisms are alteration of light
quality at the soil surface and/or changes
in day/night temperature fluctuations
(Phung and Popay 1981). Silverton and
Smith (1989) concluded that the close rela-
tionship between emergence of sown
seed and the number of rosettes estab-
lished a year or more earlier indicates that
seedling emergence is likely to be the most
important transition in determining popu-
lation size in C. vulgare in pasture.

Bullock et al. (1994) expanded the above
demographic by determining the fates of
individuals of C. vulgare in nine different
life history classes over six years. Seed sur-
vival and seedling emergence were deter-
mined from sown seeds, and other life his-
tory stages were quantified by mapping
and following the fates of naturally occur-
ring individuals under the different graz-
ing regimes. Heavier summer grazing, or
grazing in the winter, increased seedling
emergence 1.5 and 2.3 fold respectively,
while winter grazing, in addition, in-
creased seedling and small and medium-
size rosette survival 2.7, 2.9 and 1.6 fold
respectively. These effects were consid-
ered to have arisen through the relaxation
of interspecific competition due to the
preferential grazing of the pasture
grasses. This hypothesis was supported by
the finding that winter grazing, and
heavier summer grazing, decreased the
frequency of microsites in the pastures
with a canopy, or with litter, by 20 and
80% respectively, and increased the fre-
quency of sites with bare ground 1.5 fold.
Matrix analysis of thistle life tables for the
experimental paddocks showed that win-
ter and spring grazing, and heavier sum-
mer grazing, increased the finite rate of
populationincrease (I ), 3.1, 1.7 and 1.7 fold
respectively. The hypothesis that the this-
tle populations had the capacity to grow
faster as the level of pasture interference
was reduced by increased grazing inten-
sity, was supported by a significant corre-
lation of | values calculated for each of the
16 different grazing treatments (pad-
docks) with the six-year average popula-
tion size for the paddocks. Five of these 16
I values were <1, predicting that these
populations should decline in size as a re-
sult of the level of interference from the
pasture plants induced by the particular
grazing regimes.

The effect of interference from pasture
plants on the seedling emergence of
Cirsium arvense L. (Californian or peren-
nial thistle) has been investigated in dairy
pastures in Victoria, Australia by Amor
and Harris (1975). At one site seeds were
sown in summer into plots of pasture con-
sisting of Lolium perenne L., Dactylis
glomerata L. and Trifolium repens L. that
were either cut monthly to a height of 3 or
15 cm. Seeds were also sown onto, or
shallowly into, pasture bared by a
paraquat/diquat treatment. No seedlings
emerged on pasture plots, but 13 and 3%
of sown viable seeds emerged as seedlings
from shallowly-buried and surface-sown
seeds respectively on bared plots in the
spring. Similar results were obtained in an-
other dairy pasture in which seeds were
sown either onto the surface of a L.
perenne/T. repens pasture set stocked with
3.75, 4.25, 5, 5.75 or 6.5 cows per hectare,
or into a lightly grazed pasture or into a
wet pasture. Seeds were also shallowly
buried or surface-sown on bared plots.
Again there was no emergence in any pas-
ture. However 7% of the shallowly buried
seeds emerged as seedlings on the bare
soil. These results suggest that pasture
plants have a powerful inhibitory action
against the germination of C. arvense
seeds. The light requirement of the seeds
(Bakker 1960), may not be fulfilled under
pasture. Observations of patch size in the
thistle in two lightly grazed pastures and
two heavily grazed pastures suggested
that the rate of vegetative spread was
lower the higher the grazing pressure. It
would seem that the reduced level of pas-
ture interference which accompanies
heavy grazing, while usually increasing
population size in the biennial C. vulgare, is
overshadowed in C. arvense by some op-
posing force, possibly that of being eaten
(Mitchell and Abernethy 1993). However
the dry matter production of C. arvense
was relatively insensitive to increased in-
terference from neighbouring pasture
plants (compared to other weeds) in a
Swedish study when the row spacing of
pasture grasses and legumes was de-
creased from 50 to 10 cm (Hallgren 1976).

Together these studies provide good
evidence that the presence of neighbour-
ing pasture plants can limit population size
in the biennial C. vulgare and that the life
history stage most susceptible to pasture
interference is the transition from seed to
seedling (emergence) (Silverton and Smith
1989, Bullock et al 1994, ). The seedling to
rosette transition (Forcella and Wood
1986, Bullock et al. 1994) and the rosette to
adult transition may also be sensitive, al-
though perhaps to a lesser extent. These
results support a control recommendation
that maximizes pasture interference by
maximizing pasture height or cover at the
time of year when seedling emergence
of C. vulgare is occurring. By contrast,

population size in the perennial C. arvense
may be much less affected by pasture in-
terference  (Amor and Harris 1975,
Hallgren 1976). Population growth in this
species depends entirely upon recruitment
of shoots from adventitious buds on a
creeping root system, and the initial reli-
ance of these shoots on stored root re-
serves, rather than on current photosyn-
thesis, provides an explanation for a lower
sensitivity than seedlings to interference
from pasture.

Carduus spp.
Feldman et al. (1968) sowed seeds of C.
nutans in Nebraska, USA, in spring and
summer, into 15-year-old pastures of four
different types (species composition), each
under three different grazing regimes
(ungrazed, rotationally or continuously
grazed). There was no overall effect of
grazing intensity on seedling emergence,
but the presence of more C. nutans plants
on the grazed plots (relative to the
ungrazed plots) in each of the two years
after both sowings, was interpreted as a
result of a higher survival rate of rosettes
under a relaxed level of pasture interfer-
ence. Medd and Lovett (1978) showed that
the relative growth rate (RGR) of C. nutans
seedlings is reduced by shading and con-
cluded that the light compensation point
(1.7% full daylight) may be reached for this
species under a pasture canopy. Low RGR
results in small size, and small C. nutans
rosettes have higher mortality in pasture
than larger rosettes (Popay et al. 1979).
Thus relaxed competition for light is a pos-
sible explanation for the greater survival
of C. nutans in grazed pasture. In Virginia,
USA, Kok et al. (1986) sowed one or four C.
nutans seeds per square metre with or
without seeds of Festuca arundinacea (tall
fescue) into cultivated soil. The growth of
the thistles was greatly depressed in the
tall fescue (relative to no tall fescue), as in-
dicated by an 83% reduction in stem dry
weight measured 10 months after sowing.
Fecundity was also severely reduced as
evidenced by an 89% reduction in seeds
produced per plant, a consequence of re-
ductions in the size and number of inflo-
rescences per plant. These results were in-
terpreted as the result of intense competi-
tion from the tall fescue. In a related study
by these authors, seeds of C. nutans sown
into the tall fescue pasture a year after it
was sown, germinated poorly and all seed-
lings died before developing four leaves.
Studies in New Zealand in which the
fates of C. nutans plants in pasture have
been followed have revealed high mortal-
ity of seedlings and young rosettes during
winter after emergence in the autumn
(Popay and Thompson 1979, Popay and
Thompson 1980). For example, Popay and
Thompson (1980) found that of 200 ro-
sette-stage thistles present in a pasture in
autumn, 83% died during winter and



spring before flowering began. The hy-
pothesis that this mortality is due, at least
in part, to interference from pasture spe-
cies, is supported by studies showing
greater survival in pastures desiccated by
herbicide. Edmonds and Popay (1983)
transplanted C. nutans seedlings into
sheep-grazed pasture composed of the
grasses Lolium perenne, Cynosurus
cristatus, Bromus mollis, and Anthoxanthum
odoratum, with and without prior desicca-
tion by paraquat. Thirty five times as
many seedlings from an early autumn
planting survived to flowering in the des-
iccated pasture (relative to intact pasture).

Other studies in New Zealand in which
pasture cover has been removed by herbi-
cide indicate that the transition from seed
to seedlings may also be influenced
strongly by pasture plants. Popay and
Kelly (1986) counted C. nutans seedlings
emerging from intact pasture and pasture
bared monthly by paraquat from autumn
one year until the following autumn.
Three times as many seedlings emerged
on the bare pasture. In addition, there
were both spring and autumn emergence
peaks on the bare pasture, whereas all
seedling emergence was confined to the
autumn in the intact pasture. The results
indicated that the presence of pasture pre-
vented seedling emergence in the spring,
and halved the numbers of seedlings
emerging in the autumn. Martin and
Rahman (1988) obtained similar results
using the same experimental approach.
When Kelly and McCallum (1990) sowed
seeds of C. nutans into a pasture com-
posed of Lolium perenne and Trifolium
repens that was either kept clipped to a
height of 1 cm or allowed to grow to a
greater height under sheep grazing, they
found that 6% of the seed emerged as
seedlings in the clipped pasture but only
0.94% in the taller pasture. Thus the transi-
tion from seed to seedling was reduced
83% in the taller pasture. Furthermore, in
related studies comparing life history tran-
sitions between two regions in NZ con-
trasting in susceptibility to the thistle,
Kelly and McCallum (1990) found that the
seed to seedling transition was an order of
magnitude lower in the region where the
thistle is not a problem, whereas other
transitions differed little between the re-
gions. This lead the authors to suggest that
the seed to seedling transition is the single
most important stage in the life-cycle of C.
nutans, and that pasture interference dur-
ing the time when this transition is occur-
ring, will reduce population size.

By contrast, grazing experiments by
Bendall (1973) in Tasmania, Australia, with
Carduus pycnocephalus L. and C. tenuiflorus
Curt. provide no evidence that pasture in-
terference directly affects the demogra-
phy of these thistles. While the survival of
these thistles in Lolium perenne, Bromus
sp., Cynosurus echninatus, Trifolium repens
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pasture grazed by sheep was significantly
lower when winter grazing was not pre-
ceded by autumn grazing, when autumn
grazing was withheld without being fol-
lowed by winter grazing, there was no ef-
fect on thistle survival. The former results
were explained by etiolation of the thistles
in presence of ungrazed grass in the au-
tumn, making them palatable and readily
eaten (and killed) by the sheep during win-
ter (or spring) grazing.

Overall, the above studies provide evi-
dence of a powerful influence of pasture
plants over the transition from seed to
seedling in the annual/biennial/triennial
C. nutans (Popay and Kelly 1986, Martin
and Rahman 1988, Kelly and McCallum
1990). The transition from seedling to
flowering plant is also significantly re-
duced in this thistle by interference from
pasture plants (Edmonds and Popay 1983),
probably by mortality at both the seedling
(Kok et al. 1986) and rosette stages
(Feldman 1968, Popay and Thompson
1980). Pasture interference can also reduce
fecundity by depressing growth of surviv-
ing thistles (Kok et al. 1986). These results
support control recommendations for C.
nutans that maximize pasture cover espe-
cially during the seedling emergence
phase. Direct effects of pasture interfer-
ence on population size in the annuals C.
pycnocephalus and C. tenuiflorus have not
been proven, but etiolation in long grass
facilitates death by grazing.

Pasture species composition effects

Cirsium vulgare

Forcella and Wood (1986) established two
seedlings of C. vulgare with two of either
Lolium rigidum or Trifolium subterraneum in
pots under two nitrogen levels in glass-
house conditions, and imposed clipping
treatments on the L. rigidum and T.
subterraneum to simulate grazing. Pots
containing four plants of C. vulgare only
were included as controls. When the
swards were not clipped, the dry weights
of the thistle plants were the same in mix-
ture with L. rigidum and T. subterraneum
regardless of fertility, and by 10 weeks,
were reduced 55% by interference from
these pasture plants. However, when the
competing grass and clover plants were
clipped, differences occurred. Under low
fertility, the dry weight of the thistle was
35 and 58% lower when L. rigidum was the
competing species (relative to T. subterra-
nean) when clipping occurred throughout
or during the last five weeks of the experi-
ment respectively. The L. rigidum was also
the better competitor under high fertility
and resulted in 61 and 48% lower thistle
dry weights when clipping occurred dur-
ing the first or last five weeks respectively.
Fisher and Davies (1991) provide further
evidence that pasture species vary in their
abilities to interfere with C. vulgare. In a

study to compare the effects of sown
ground covers on invading weeds in set-
aside fallows in the UK, they sowed
swards of either Lolium perenne, L. perenne
plus Trifolium repens, or Festuca rubra into
an arable field. An unsown treatment was
included. Both the frequency and cover of
C. vulgare were lower in sown swards.
Averaging over years 2, 3 and 4 of the
study, the percentage ground cover of C.
vulgare was reduced, in comparison to the
unsown sward, 96, 94 and 85% by the three
swards respectively. The frequency of oc-
currence of C. vulgare was reduced 86, 92
and 64% respectively. These results to-
gether suggest that L. perenne interfered
more than F. rubra with population
growth in C. vulgare.

Wardle et al. (1992) planted seeds of C.
vulgare into 92 day old swards of the six
grasses Dactylis glomerata L., Phalaris
aquatica L., Bromus catharticus, Lolium
perenne L., Festuca arundinacea Schreb,
Holcus lanatus L. and the four legumes
Medicago sativa L., Trifolium pratense L., T.
subterraneum L. and T. repens under
greenhouse conditions. H. lanatus had the
most effect on the percentage emergence
of C. vulgare seeds, reducing this to 35%
from 53% on bare soil; a reduction of 34%.
There was a significant negative correla-
tion between the pasture cover of the 10
swards and the percentage emergence of
the thistle seeds, implying that the mecha-
nism of germination inhibition is related
to foliage cover. Greater differences were
found between these ten pasture species
in their ability to reduce the growth of C.
vulgare. In general the grasses, as a group,
tended to reduce thistle growth more than
the legumes, reducing shoot dry weight,
measured 80 days after sowing, when the
thistles were still rosettes, by 83 to 94%
(relative to bare soil). The results sug-
gested that H. lanatus and L. perenne are
the most effective inhibitors of growth in
C. vulgare, while M. sativa, T. subterraneum
L. and T. repens are the least effective. In
contrast to seedling emergence, there was
no correlation between thistle growth
(dry matter, plant diameter) and cover of
the pasture species, suggesting that the
mechanism of the inhibition of C. vulgare
may not involve shoot competition.

Overall the evidence from these three
studies suggest that grasses are better able
to reduce the growth of C. vulgare plants,
than are legumes.

Carduus nutans

Research in New Zealand has revealed
that pasture species also vary greatly in
their relative abilities to inhibit C. nutans.
Nicholson et al. (1990) sowed C. nutans in
replacement series with either Lolium
perenne or Trifolium repens at two total
densities under greenhouse conditions.
Per plant dry weight of C. nutans declined
in mixture with L. perenne but increased in
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mixture with T. repens suggesting that L.
perenne had a competitive advantage over
the thistle, whereas T. repens did not. Rela-
tive yield totals were not different from
unity, implying competition between the
pasture species and C. nutans for the same
pool of limiting resources.

In the experiment described above for
Cirsium vulgare, Wardle et al. (1992) also
sowed C. nutans seeds into swards of the
same grasses and legumes under green-
house conditions. The total percentage
emergence of C. nutans was reduced 55
and 61% (relative to emergence on bare
soil) by L. perenne and H. lanatus respec-
tively, whereas the other grasses and leg-
umes had no effect on emergence. They
concluded that this effect was probably
due to a reduced red:far red light ratio un-
der the canopies (Phung and Popay 1981,
Black 1969); the difference between the
species being explained, at least in part, by
differences in their cover as measured by
the point intercept method. There was no
correlation between the emergence re-
sponses of C. nutans and Cirsium vulgare to
these 10 pasture species, implying that the
mechanism of emergence inhibition must
vary between the two thistles. All ten pas-
ture species reduced the seedling growth
of C. nutans although the legumes exerted
much less effect than the grasses, as was
also the case for C. vulgare. The growth
responses of C. nutans and C. vulgare were
highly correlated, suggesting (in contrast
to seedling emergence), that a particular
pasture species will be equally effective in
suppressing seedling growth in both this-
tles. L. perenne and H. lanatus were particu-
larly effective.

Since there was no correlation between
C. nutans seedling growth and canopy
cover of the ten species, as was also found
for C. vulgare, Wardle et al. (1992) sug-
gested that competition for light was not
the mechanism for thistle inhibition. They
concluded that allelopathy is a more likely
mechanism, at least for C. nutans, because
they found strong positive correlations
between C. nutans root growth (and root/
shoot ratio) in a previous residual
alleopathy study, and root and shoot
growth, and seedling emergence in the
current study. In the previous study
Wardle et al. (1991) grew the same 10 pas-
ture species separately in boxes for 3-5
months and then sowed C. nutans seeds
into the soil from under each species at
various times up until 162 days after re-
moving the pasture plants. Residual
allelochemical effects were identified for
all six grasses in the 162-day-old soil. These
effects ranged from 64 to 87% reduction in
C. nutans shoot growth in the soil from
beneath D. glomerata and H. lanatus respec-
tively. Root growth was also significantly
reduced in soil from some species and ger-
mination of C. nutans was reduced 50% by
soil from beneath L. perenne. By contrast

all four legumes demonstrated stimula-
tory effects, particularly in terms of thistle
root and shoot growth.

In order to test the hypothesis that
grasses have a greater capacity to inter-
fere with seedling emergence and subse-
quent growth of C. nutans, Wardle et al.
(1995) sowed monocultures of each of the
six grasses and four legumes compared in
previous studies, into a dairy pasture with
a history of C. nutans infestation, after kill-
ing the existing pasture with herbicide.
The experiment ran for 27 months from
March (autumn 1990) during which time
C. nutans seedlings were counted and re-
moved two-monthly, regular point inter-
cept (cover) estimates of pasture composi-
tion were made, and the fates of some
tagged C. nutans plants were followed.
Seedling emergence was generally lower
in the grass than in the legume swards.
These results are consistent with those of
Wardle et al. (1992), showing that grasses
inhibit emergence more than legumes.
Across all swards, emergence was nega-
tively correlated with the cover of grasses
(sown or volunteer) and also with the
cover of Poa annua, a species which in-
vaded particularly in the grass-sown plots.
Other measures of C. nutans performance
also negatively correlated with the cover
of grasses in the plots were the fraction
flowering as annuals, plant diameter and
capitulum number per plant. These corre-
lations suggest, contrary to the conclusion
made by Wardle et al. (1992), that shoot
competition, at least from grasses, is an
important interference mechanism under
field conditions. The intense interference
from the grasses prevented thistles from
reaching sufficient size to flower in their
first year, and resulted in a higher fraction
of thistles dying as rosettes in the grass
swards, relative to the legume swards.

The results of these glasshouse and field
studies on interference between pasture
plants and C. nutans reveal that grasses
inhibit seedling emergence and subse-
quent growth and survival of rosettes to a
significantly greater level than legumes. It
also appears that pasture species vary in
their abilities to inhibit emergence and
growth of C. nutans by virtue of the
amount of cover they produce. This im-
plies that canopy cover alters the germina-
tion conditions, probably through reduc-
ing the ratio of red:far red light, and also
that competition is involved in inhibiting
growth and survival. Thus, while legumes
may often be an essential component of
pastures, it appears that newly-sown pas-
tures should be grass dominant if control
of C. nutans is an objective.

Silybum marianum

In an experiment in New South Wales,
Australia, to measure the relative effec-
tiveness of perennial and annual pasture
species in preventing the establishment of

the annual, Silybum marianum, Michael
(1968a) sowed seeds of Phalaris aquatica,
and Lolium rigidum with and without seeds
of Trifolium subterraneum, T. subterranean
alone and Medicago sativa alone into culti-
vated soil with a history of Silybum
marianum infestation in preceding crops
and pastures. When assessed in the first
spring following autumn sowing the per-
ennial species, P. aquatica had reduced the
fresh weight and population density of S.
marianum 74 and 39% respectively relative
to the ‘not sown’ control. The other peren-
nial, M. sativa, had completely prevented
the occurrence of the thistle. By contrast
the annuals, L. rigidum and T. subterranean
had no effect. In the second spring after
sowing, dry weights of the thistle were still
lowest in the P. aquatica and the M. sativa;
98% reduction relative to the not sown
treatment. The ability of M. sativa and P.
aguatica to make rapid growth after late
summer or autumn rains, at the time
when S. marianum is germinating, was
suggested as a mechanism for their suc-
cess in controlling the thistle. Pook (1983)
found that the light compensation point of
S. marianum (and Onopordum sp.) was 2.4%
full (cool season) daylight, and suggested
that while this represents a degree of
shade tolerance, heavy shading during the
cool winter season by persistent pasture
species could contribute to control of these
thistles.

Onopordum spp.

The effects of pasture interference on
Onopordum acanthium, O. illyricum and hy-
brids between these two biennial thistles
appears to have received less attention by
researchers than Carduus and Cirsium sp.
Michael (1968b) sowed Bromus inermis,
Dactylis glomerata, Festuca arundinacea,
Lolium perenne, and Phalaris aquatica, (in-
cluding not-sown controls) in the autumn
(and spring) in New South Wales, Aus-
tralia, into cultivated soil previously sup-
porting a Trifolium subterranean pasture
heavily infested with Onopordum sp. These
five perennial grasses diverged signifi-
cantly in their abilities to influence thistle
population size with both times of sowing.
Differences between the pastures ap-
peared in the first year and persisted for at
least seven years. In the spring of the sev-
enth year after sowing, the population
density of Onopordum plants that exceeded
100 mm diameter, and the dry matter
yields of the populations, were lower in
the F. arundinacea and P. aquatica pastures
relative to the other three pastures (and
the volunteer pasture) indicating that
these two grasses had interfered more
than the others with population size and
plant growth in the thistle. Since both this-
tle population density and dry matter
yield in spring were highly correlated to
the cover of the grasses in the previous
winter, differences in competitive abilities



between the grasses probably explain the
effects.

Pasture gap effects

Cirsium spp.
Gaps in pastures probably play a crucial
role in the ability of pasture plants to inter-
fere with the population dynamics of C.
vulgare. Silverton and Smith (1989) found
evidence for this by planting seed of C.
vulgare into artificial gaps of varying diam-
eter created in a mown grassland in Eng-
land by cutting the sward to ground level.
Percentage seedling emergence of sown
seeds increased with gap diameter four
fold from zero to 10 cm, but tended to de-
cline with greater gap diameter. Panetta
and Wardle (1992) found a similar relation-
ship when they planted seeds of C. vulgare
into gaps created in a Lolium perenne-Trifo-
lium repens pasture on a dairy farm in New
Zealand. In this case percentage seedling
emergence increased 13 fold from a gap
diameter of zero to 2 cm, and declined
with increasing gap diameter up to 10 cm.
Seeds sown into large (3 m?) bared plots
had a probability of producing seedlings
similar to those sown into the intact pas-
ture. There was however no response to
gap size under glasshouse conditions,
leading Panetta and Wardle (1992) to con-
clude that differences in diurnal tempera-
ture fluctuations or soil moisture content
between gap sizes, rather than reductions
in red:far red ratios of foliage filtered light
(Black 1969), may control the gap size re-
sponse of C. vulgare. This hypothesis is
supported by the results of Phung and
Popay (1981) which showed that increas-
ing pasture cover, while reducing both
germination and the red:far red ratio un-
der fluctuating temperature conditions,
did not reduce germination under con-
stant temperature. These two studies sug-
gest that there is an optimum gap size for
seedling emergence in C. vulgare. Survival
of seedlings may also be influenced by gap
size. While there is no direct evidence for
this with C. vulgare, Louda et al. (1990)
found that the survival of transplanted
seedlings of the native Cirsium canescens
Nutt. in prairie grassland in Nebraska,
USA, was reduced by 89% within nine
weeks of planting, in 15-20 cm diameter
gaps within clones of Panicum virgatum L.
compared to survival in large open spaces
between clones. Louda et al. (1990) sug-
gested that competition between the this-
tle and the grass for water was the most
likely mechanism for this effect, although
they could not discount differences in the
light levels and physical conditions.
Silverton and Smith (1989) explored the
relationship between gap density and the
population dynamics of C. vulgare by al-
tering the gap density and seed aggrega-
tion parameters of a simple model which
simulated the expected population density
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after 50 years, of a monocarpic perennial
weed, capable, like C. vulgare, of establish-
ing only in gaps of a specified size. The
model showed the existence of a gap den-
sity threshold below which the population
becomes extinct, and above which small
changes in gap density lead to very large
differences in population density. These
results imply that sudden outbreaks of C.
vulgare might be expected as gaps become
more frequent through over grazing or
through poor persistence of pasture
plants.

Carduus nutans

Gaps in pasture have been considered to
play a crucial role in the recruitment also
of Carduus nutans seedlings (Ivens 1979).
This was confirmed by the study of
Panetta and Wardle (1992) in which the
field emergence of sown C. nutans seeds
increased with gap diameter up to 10 cm,
above which it declined. This response was
explained by a greater amplitude of tem-
perature fluctuations experienced by
seeds in medium size gaps promoting ger-
mination, and faster drying of soil after
rainfall in larger gaps reducing germina-
tion. Reduced red:far red ratio of canopy
filtered light may also partly explain the
initial increase in germination with in-
creasing gap size since Phung and Popay
(1981) found C. nutans seedling emer-
gence was increased on bare ground (rela-
tive to under a pasture canopy) under
both fluctuating (glasshouse) and constant
(growth room) temperature conditions.

Conclusions

The main conclusions that can be drawn

from the studies reviewed here on the role

of pasture interference in the population
ecology of thistles are:

i. Pasture grasses and legumes can exert
powerful inhibitory influences over
seedling emergence and seedling and
rosette survival in thistles, thereby
regulating population size.

i. Pasture grasses are, as a whole, more
effective than legumes at inhibiting
these demographic processes.

iii.Grasses (and legumes) vary in their in-
hibitory abilities and this seems to be
determined largely by their foliage
cover density although allelopathy may
also operate.

ivPerennial grasses exert greater inhibi-
tory effects than annual grasses. Lolium
perenne, Holcus lanatus and Phalaris
aguatica appear to be particularly effec-
tive.

v.Pasture gaps promote thistle seedling
emergence, and the optimum size ap-
pears to be in the range of 2-10 cm di-
ameter.

The general rule that emerges, at least for

the annual and biennial thistles, is that this-

tle population size will be limited most
in pastures composed predominantly of

perennial grasses that are managed in a
manner that prevents the occurrence of
small to medium size gaps particularly
during times of the years when the seed to
seedling (autumn) and seedling to rosette
(winter/spring) transitions are occurring.
Sindel (1991) reached a similar conclusion.
The empirical evidence supporting this
general rule for thistle control is very
strong. Future research should focus on
how grazing management and other fac-
tors including soil fertility and soil mois-
ture (Sindel 1991), influence the creation
and closure of pasture gaps and the bal-
ance between grasses, legumes and this-
tles in pastures.

References

Amor, R.L. and Harris, R.V. (1975). Seed-
ling establishment and vegetative
spread of Cirsium arvense (L.) Scop. in
Victoria, Australia. Weed Research 15,
407-11.

Anon. (1978). Spear thistle and variegated
thistle. Tasmanian Journal of Agriculture
49, 187-90.

Bakker, D. (1960). A comparative life-his-
tory of Cirsium arvense (L.) and Tussilago
farfara L., the most troublesome weeds
of the newly reclaimed polders of the
former Zuiderzee. In ‘The biology of
weeds’, ed. JL. Harper, pp. 205.
(Blackwell Scientific, Oxford).

Bendall, G.M. (1973). The control of slen-
der thistle, Carduus pycnocephalus L. and
C. tenuiflorus Curt. (Compositae), in pas-
ture by grazing management. Austral-
ian Journal of Agricultural Research 24,
831-7.

Black, M. (1969). Light controlled germina-
tion of seed. In ‘Survival and dormancy’,
ed. H.H. Woolhouse, pp. 193 (Academic
Press Inc., New York).

Bullock, J.M., Hill, B.C. and Silverton, J.
(1994). Demography of Cirsium vulgare
in a grazing experiment. Journal of Ap-
plied Ecology 82, 101-11.

Cregan, P.D. and Scarsbrick, B. (1977).
Nodding thistle can be beaten. Agricul-
tural Gazette of New South Wales 88, 12-4.

Edmonds, D.K. and Popay, A.l. (1983). Ef-
fect of pasture competition on the sur-
vival and flowering of nodding thistle.
Proceedings 36th New Zealand Weed
and Pest Control Conference, pp. 89-92.

Feldman, S.R., Vesprini, J.L. and Lewis, J.P.
(1994). Survival and establishment of
Carduus acanthoides L. Weed Research 34,
265-73.

Fisher, N.M. and Davies, D.H.K. (1991).
Effectiveness of sown covers for the
management of weed in set-aside
fallows: Bush trials. Brighton Crop Pro-
tection Conference — Weeds 1991, pp.
38-94.

Forcella, F. and Wood, H. (1986). Demog-
raphy and control of Cirsium vulgare
(Savi) Ten. in relation to grazing. Weed
Research 26, 199-206.



270 Plant Protection Quarterly Vol.11 Supplement 2 1996

Gammie, R.L. (1972). Scotch thistles are
spreading Agricultural Gazette of New
South Wales 83, 79-81.

Hallgren, E. (1976). Development and
competition in stands of ley plants and
weeds. Swedish Journal of Agricultural Re-
search 6, 255-61.

Ivens, G.W. (1979). Nodding thistle. New
Zealand Journal of Agriculture 138, 16-9.
Kelly, D. and McCallum, K. (1990). De-
mography, seed biology and biological
control of Carduus nutans in New Zea-
land. In “The Biology and Control of In-
vasive Plants: Proceedings of a confer-
ence of the B.E.S.” ed. J.P. Palmer, pp. 72.

(British Ecological Society, Cardiff).

Kok, L.T., McAvoy, T.J. and Mays, W.T.
(1986). Impact of tall fescue grass and
Carduus thistle weevils on the growth
and development of musk thistle
(Carduus nutans). Weed Science 34,
966-71.

Louda, S.M., Potvin, M.A. and Collinge,
S.K. (1990). Pre-dispersal seed preda-
tion, post-dispersal seed predation and
competition in the recruitment of seed-
lings of a native thistle in sandhills prai-
rie. The American Midland Naturalist 124,
105-13.

Martin, P. and Rahman, A. (1988). Emer-
gence of nodding thistle seedlings in
pasture at two sites in the Waikato. Pro-
ceedings 42st New Zealand Weed and
Pest Control Conference, pp. 210-3.

Medd, R.W. and Lovett, J.V. (1978). Bio-
logical studies of Carduus nutans (L.) ssp.
nutans I. Germination and light require-
ment of seedlings. Weed Research 18,
363-7.

Michael, P.W. (1968a). Perennial and an-
nual pasture species in the control of
Silybum marianum. Australian Journal of
Experimental Agriculture and Animal Hus-
bandry 8, 101-5.

Michael, P.W. (1968b). Control of the bien-
nial thistle, Onopordum, by amitrole and
five perennial grasses. Australian Journal
of Experimental Agriculture and Animal
Husbandry 8, 332-9.

Mitchell, R.B. and Abernethy, R.J. (1993).
Integrated management of Californian
thistle in pasture. Proceedings 46th New
Zealand Plant Protection Conference,
pp. 278-81.

Nicholson, K.S., Rahman, A. and Wardle,
D.A. (1990). Interactions between estab-
lishing nodding thistle and pasture seed-
lings. Proceedings 43rd New Zealand
Weed and Pest Control Conference, pp.
225-8.

Panetta, F.D. and Wardle, D.A. (1992). Gap
size and regeneration in a New Zealand
dairy pasture. Australian Journal of Ecol-
ogy 17, 169-75.

Phung, H.T. and Popay, A.l., (1981). Effect
of pasture cover on the germination of
certain weed seeds. Proceedings 34th
New Zealand Weed and Pest Control
Conference, pp. 111-3.

Pook, E.W. (1983). The effect of shade on
the growth of variegated thistle
(Silybum marianum L.) and cotton thistle
(Onopordum sp.). Weed Research 23, 11-7.

Popay, A.l. and Kelly, D. (1986).
Seasonality of emergence and survival
of nodding thistle. Proceedings 39th
New Zealand Weed and Pest Control
Conference, pp. 187-91.

Popay, A.l., Mitchell, R.B. and Thompson,
A. (1979). Age, size and fate of nodding
thistles. Proceedings 32nd New Zealand
Weed and Pest Control Conference, pp.
21-6.

Popay, A.l. and Thompson, A. (1979).
Some aspects of the biology of Carduus
nutans in New Zealand pastures. Pro-
ceedings 7th Asian-Pacific Weed Science
Society Conference, pp. 343-6.

Popay, A.l. and Thompson, A. (1980).
Nodding thistle: its growth and control.
Ruakura Farmers Conference 1980, pp.
63-9.

Silverton, J. and Smith, B. (1989). Germina-
tion and population structure of spear
thistle Cirsium vulgare in relation to ex-
perimentally controlled sheep grazing.
Oecologia 81, 369-73.

Sindel, B.M. (1991). A review of the ecol-
ogy and control of thistles in Australia.
Weed Research 31, 189-201.

Wardle, D.A., Nicholson, K.S. and Ahmed,
M. (1991). Residual allelopathic effects of
pasture grasses and legumes on nod-
ding thistle seedling emergence and
growth. Proceedings 44th New Zealand
Weed and Pest Control Conference, pp.
284-7.

Wardle, D.A., Nicholson, K.S., Ahmed, M.
and Rahman, A. (1995). Influence of pas-
ture forage species on seedling emer-
gence, growth and development of
Carduus nutans. Journal of Applied Ecology
32, 225-33.

Wardle, D.A., Nicholson, K.S. and
Rahman, A. (1992). Influence of pasture
grass and legume swards on seedling
emergence and growth of Carduus
nutans L. and Cirsium vulgare L. Weed
Research 32, 119-28.

Wardle, D.A., Nicholson, K.S. and
Rahman, A. (1993). Aspects of interfer-
ence between nodding thistle (Carduus
nutans L.) and pasture grasses and leg-
umes. Proceedings of the XVII Interna-
tional Grassland Congress, pp. 355-6.



