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Name 
Carduus nutans L. ssp. nutans 
Standard common name: nodding thistle 

Carduus is the Latin name for thistle; 
nutans is also of Latin derivation, meaning 
nodding. 

'Thistle' is derived from the old English 
word ' thislel', equivalent to the old Saxon 
' thistil', old High German 'distil' and old 
Norse 'lhistill', from the Germanic 'thist ilaz', 
'Nodding', in both the Latin and English 
names, refers to the drooping attitude of the 
mature flower heads. 

The name Carduus nWans L. has been 
used in the broad sense throughout the world 
IiteralUre. As revealed below, much of the 
material in N orth America bas now been re
classified as Carduus ,"oermeri Weinm. sens. 
lat. Consequently, considerable care and per
ception is required when interpreting the lit
erature and in this review we cite foremost 
the literature specific to Carduus nutans ssp. 
nUlans . Judicious comparative use, indicated 
in the text , is made of information from other 
literature where the taxon involved is unclear 
or non su bspecific. 

Description 
An annual or, usua lly. biennial herb initially 
forming a prostrate rosette. Cotyledons 
nearly sessile, rather oblong in shape. often 
square-ish tipped. First true leaves more or 
less oppoSite; develop simultaneously up to 
2.5 cm long with soft-prickly teeth and some 
multi-cellular hairs. Very young rosettes 
open, consisting of relatively undissected 
leaves bearing soft spines on the margins and 
sometimes with a few simple hairs on the 
upper surface (Figure la). Young leaves 
relatively soft and upright , especially in long 
grass or among other thistle seedlings; after 
three to five true leaves have formed, they 
become harder, spinier and appressed to the 
ground, forming a flattened rosette. Older 
rosette leaves pinnatifid, undulating; lobes 
palmate or triangular, margins prominently 
spined (Figure Ib). Mature leaves often have 
a faint metallic sheen, and a whitiSh marginal 

zone, especially about the bases of the spines. 
Roseues with stout, sometimes branched tap 
roots which penetrate to 40 cm or more, 
helping to make them more tolerant of 
drought than many other pasture compo
nents. 

The reproductive phase begins when the 
apex of the rosette elongates, (bolts), after 
vernalisation, with some rosette leaves being 
carried up on the stem while the remainder 
die. An erect, branched stem up to 150 cm 
tall rapidly forms. Damage to the apex may 
result in the formation of several stems. 
Stems woolly, spinous-winged, with 
peduncles naked for a variable distance be
low the head (Figure IC). Solitary terminal 
capitula formed first on main stems and suc
cessively on lower branches; emerging buds 
upright then drooping distinctively at right 
angles or more to the stem at maturity. 
Flower heads WOOlly, up to 6 cm dia., sur
rounded by several whorls of spiny-tipped, 
often purplish phyllaries; outer ones reflex at 
maturity. Phyllaries of the intermediate 
whorls constricted in the middle, with bases 
broader than blades. Corolla bright crimson 
or crimson-purple colour, rarely white. Ach
enes 3 to 4.5 mm long, fawn, with fine lrans
verse wrinkles. Pappus consisting of numer
ous simple white hairs up to 2 cm long. 

Taxonomy 
CardllllS nUlans ssp. mllons belongs to a 
complex taxonomic group. Kazmi (1%4) 
recognized four subspecies of C. maons, 
which is one of seven distinct species in the 
series Nutantes (Medd 1986). Variation he
tween the seven species is almost continuous 
so that determination of individual species 
may he difficult. Much of the North Ameri
can literature has previously applied the 
name C. mllans in the broad sense (without 
stating as mUCh) lOan aggregate of the large
headed Carduus thistles. This has led to 
much confusion since, according to Mccarty 
(1982), C. Ihoenneri is the commonest spe
cies in the United States of America, 
although C. nulans (subspecies unspecified) 
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and C. macrocephalus also occur there less 
commonly. Furthermore, Desrochers et al. 
(1988) concluded, from a biosystematic 
study of the species in Canada, that in can
ada and probably the United States there 
were only two close ly related groups of taxa 
referable to C. milans ssp. nUlans and C. 
nutans ssp. leiop/tyllus; the latter being syn
onymous with C. thoermeri. 

In Australia, C. nutans ssp. nUians is the 
predominant taxon (Doing el aL 1%9, Medd 
198Ia). C. Iheormeri ssp. Ihoenneri appears 
as a ruderal of minor importance and is con
fined to south-eastern Queensland (Medd 
198 Ia). The taxonomic status of the thistle in 
New Zealand has not heen fully examined, 
but A.l. Hea ly (pers. camm.) advised that 
only C. nutans ssp. nutans has been identi
fied. 

Distribution 
C. nutans ssp. nu tans is nalive to Europe, 
Siberia, Asia Minor and North Africa 
(Clapham el aL 1962).lt has heen introduced 
to and become naturalised in North and 
South America, Australia and New Zealand 
(Holm el al. 1979). 

In Australia (Figure 2), the thistle had 
spread to cover over 50,000 km2 of the pas
toral highlands of New South Wales by 1978 
(Medd 198Ib). In Victoria the weed has 
been contained to a few isolated, sca ttered 
colonies in the south east of the state, and in 
Tasmania it occurs sporadically throughout 
the north-eastern part of the island where 
containment also appears to have been effec
tive. The single infestations recorded in 
South and Western Australia have been 
eradicated (Medd 1987). 

Medd and Smith ( 1978) predicted that the 
species could spread to south-eastern 
Queensland, south-western Victoria , Ade
laide Hills in South Australia and south-west
ern Western Australia. 

In New Zealand, the species is widely dis
tributed, but is only a problem in summer
dry areas such as the Waikata, Bay of Plenty, 
Hawkes Bay, Nelson, Canterbury and Otago 
regions. There are some summer-dry areas 
notably the Wairarapa - where the weed is 
not common, which suggests that it may 
spread yet further. 

Habitat 
C. mllans ssp. milans has an absolute re
quirement for vemalisation before it can 
nower (Mood and Lovett 1978a). Cool win
ters and adequate warmth and rainfa ll for 
growth in autumn and spring would there
fore be the minimum requirements for sur
vival. Mood and Smith (1978) suggested that 
warm winters, frosty summers and prolonged 
drought would delimit areas climatically 
suited to the thistle in Australia. C. nutons 
ssp. nutans occurs naturally over a wide 
range of climales in North Africa, Europe 
and Asia Minor and has also spread widely in 
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Figure 1. line drawinl}'! by D. I. Morris of Carduus nutans ssp. nutans a) seedling. b) rosette and c) Dowering branch. After 
Hyde-Wyatt and Morris (1980). 

, 



similar climates in North and South America, 
Australia and New Zealand. 

Doing et aZ. (1969) observed that, in Aus
tralia , dry summers favoured the develop
ment of suitable sites for germination but wet 
summers were necessary for completion of 
the life cycle and for maximum seed produc
tion. Apparently the period over which the 
thistle became established in Australia (1950 
to 1% 1) was marked by a sequence of wet 
years. In New Zealand, many authors have 
noted that this thistle spreads most quickly in 
dry summers (Featherstone 1957, Delahunty 
1960, Dingwall 1962, Leonard 1% 4). Medd 
(1977) mentioned that, in New South Wales, 
thistle infestations were small and isolated 
before the drought seasons in the mid 1960s. 
Since then the size and number of infesta
tions has increased. 

In Australia, Michael (1968) pointed out 
that C. nUians ssp. nUians responds strongly 
to high ferti lity soil conditions, and this has 
also been noted in New Zealand (McKellar 
1955, Featherstone 1957, Matthews 1971). 
Doing et al (1969) observed that although 
moisture had to be adequate for growth, nu
trients such as nitrogen and especially phOS
phate also needed to be in good supply. 
Doing Ioc. cit. stressed that since the thistle 
can be grown on relatively poor and acid gar
den soil, its general absence in the fie ld from 
all but soils with high exchangeable calcium 
must be strongly affeeted by competition 
from other plants. 

Doing et ol (1969) further noted that in 
Australia C. maans ssp. nutans commonly 
occurred on soils derived from tertiary basalt 
parent material and less commonly on soils 
derived from granite. In general, the species 
oecurred on hilltops and slopes, on deep well 
drained soils lacking compacted horizons. It 
is quite probable that edaphic factors, as well 
as climatic ones, could account for some of 
the discontinuities in the distribution of the 
thistle in both New Zealand and Australia. 

Doing et ol (1%9) described plant com
munities associated with the thistle in Europe 
and Australia. In Europe C. nUians ssp. 
nlllans tends to occur on dry calcareous soils 
(Clapham et 01. 1 %2) mostly along roadsides 
and in neglected gardens and pasture. It is 
most prevalent in communities that consist 
of ruderal species which have also become 
common and sometimes harmful weeds in 
other parts of the world. In Australia, C. 
nUians ssp. nutans plant communities are re
lated to those of Europe but oecupy much 
greater areas. These annual communities, 
maintained under grazing, are dominated by 
Hordeum leporinum Link., Bromus spp., 
Malva neglecla Wallr., Modiola caroliniana 

. (L.) G. Don., Medicago arabica (L.) Huds. 
and Trifolium subte"aneum L. 

In native, unimproved sheep pastures, 
dominated in the region studied by Doing el 
al (1 % 9) by Danthonia spp. and Stipa spp., 
the thistles were absent or only present as 
scattered individuals. Topdressing with su-
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Figure 2. Distribution, indicated by closed circles, in supergrid (3° by 3°) of 
Corduus nutans SSp, 1IUtans in Ausualia based on herbarium records and land 
surveys. 

perphospbate and oversowing with T subler
raneum leads to the replacement of native 
grasses with introduced grasses such as 
Vulpia and Bromus. These pastures are more 
susceptible La thistle invasion. Further in
creases in fertility result in denser thistle 
communities. 

In New Zealand, there are no records on 
plant communities containing the thistle, but 
common associates are Lolium perenne L., T. 
repens 1., T. subte"aneum, Hordeum mur
inum L., H. leporinum and annual species of 
Trifolium and Medicago. There too, the inva
sion of pastures by C. nutans ssp. nutans has 
been facilitated by tOJX1ressing with super
phosphate, oversowing with L perenne and 
T. repens, and increased stocking rates. Al
though the pasture species sown are mostly 
perennials, their management in fertile, sum
mer-dry areas causes them to adopt the 
growth pattern of annuals, with a period of 
summer dormancy. Because of this, pasture 
cover is p<Xlr in late summer and early au
tumn, and autumn recovery is slow. Plant 
species like C. nutans ssp. nulans - which ger
minate and grow rapidly in early autumn, are 
avoided by stock and are competitive when 
established - perform well in such an environ
ment. 

History 
The introduction and spread of C. nutans 
ssp. nutans in Austra lia has been thoroughly 
documented by Medd (1986, 1987). It was 
firs t recorded in the central tablelands of 
N.S.W. in 1950 having probably been intro
duced in seed of Pisum sativwn L. imported 

from New Zealand. Other introductions oc
curred throughout south eastern Australia 
with contaminated seed, mostly from New 
Zealand, until the weed was declared a pro
hibited contaminant in N.S.W. in 1%4 and 
nationally in 1968. By that time the damage 
was done, and secondary spread progressed 
exponentially, notably in N.S.W. where nox
ious plant proclamation was tardy and hap
hazard (Medd 1987). In Victoria and Tasma
nia, the thistle has so far been confined to 
isolated scattered colonies, and the single in
festations in Western and South Australia 
have been eradicated. 

C. nutans ssp. nUlans was first recorded in 
Australasia in 1899 in eastern Otago, New 
Zealand (Delahunty 1960). Allan (1940) re
corded that it was occasionally found in scat
tered localities in eastern South Island. Al
though it had been present in the Hawkes 
Bay district of the North Island for several 
decades, it only became prominent after a 
series of dry summers in the early 1950s 
(Featherstone 1957, Delahunty 1960). 

Growth, development and reproduc
tion 

Phenology and Life Cycle 
Populations of C. nuUlns ssp. nUlans invari
ably contain plants of mixed ages which give 
rise to differing life cycles. These include win
ter and summer annuals, biennials and short 
lived perennials (Medd 1986). Depending on 
the cycle, flowering begins in late November 
or December and continues until late au
tumn (Medd 1975, Papay and Thompson 
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1979), with peak flowering occurring in Janu
ary. Most of the pu blished work on the life 
cycles of the thistle can be interpreted on the 
basis of seasonal emergence, in relation to 
opportunities for vernalisation, or byaccom
modating the interaction between vernalisa
tion and rosette size. 

In controlled environment studies, Medd 
and Lovett (1978a) showed that C. nutans 
ssp. manns is physiologically a biennial , since 
it has an absolute low temperature vernalisa
tion requirement for floral initiation. Older, 
bigger plants needed shorter periods of vcr
nalisation than younger ones. For example, 
12 week old plants needed only 14 days ver
nalisation whereas 3 week old plants needed 
70 days vernalisation for all plants to become 
reproductive, indicating that the verna lisa
tion response is correlated to the size of the 
apical meristem, which in turn is related to 
rosette size. Under ideal growing conditions 
rosettes grow quickly, but under drought 
stress larger leaves die, resulting in smaller 
rosettes (Popay and Thompson 1979) and 
(presumably) meristems. Rosette growth 
rates also seem to be strongly affected by 
pasture competition (Edmonds and Papay 
1983). Consequently, the size of a rosette at 
the onset of vernalis at ion influences whether 
plants flower during their first or second 
summer (Edmonds and Popay 1983). 

Medd and Lovett (1978a) also trans
planted seedlings into the field at monthly 
intervals and observed their growth and de
velopment. Thistles planted out · between 
October 1971 and May 1972 (spring to au
tumn) flowered in spring and summer 1972-
73. Of those planted out in June, most flow
ered in their first summer, but some did not 
flower until their second summer. A few July 
planted thistles flowered in their first sum
mer but most flowered in their second sum
mer. All August and September planted 
thistles flowered in their second summer. 
From this behaviour the authors calculated 
the minimum vernalisation index needed to 
promote flowering. Groves and Kaye (1989) 
found, in a different environment, that Car
dUllS nUlans ssp. nutans could flower within a 
year of sowing if sown as late as September. 

The variable flowering behaviour of au
tumn germinated thistles could be due to 
genetic variability in the vernalisation thresh
old of individual plants (Medd 1977), or it 
could be the result of variation in the size of 
rosettes at the onset of vernalisation (Medd 
and Lovett 1978a, Edmonds and Popay 
1983, Lee and Hamrick 1983). Plants which 
emerge early in the autumn or grow in the 
absence of competition or which grow in very 
fertile conditions (Doing el al. 1969) will be 
larger and require less vernalisation and 
therefore have a beller chance of flowering 
as winter annuals. The genetic variability pos
tulated by Medd (1977) could thus be due to 
variability in early growth rates rather than in 
response to vernalisation per se. 
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Figure 3. Aoral biology of Carduus nutans ssp_ nutans: a) floral diagram and 
formula and b) dissected ray floret. 

The summer annual life cycle, which on the 
surface appears not to comply with the pat
tern can, however, be explained around the 
vernalisation requirement as illustrated by 
Popay and Thompson (1979). Meteorologi
cal data showed that September or October 
(spring) cohorts were exposed to low tem
peratures, which would have adequately ful
filled the vernaJisation requirements speci
fied by Medd and Lovett (1978a). These 
cohorts went on to flower in mid March or 
late April (autumn) respectively. A similar 
explanation could possibly apply to the sum
mer annual life cycles described in related 
taxa studied by McCarty and Scifres (1969), 
Lacefield and Gray (1970) and Groves and 
Kaye (1989). 

Floral Biology 
The compound capitUla of C. nulans ssp. 
nutans consist entirely of tubular florets sur
rounded by several rows of bracts (or phyllar
iCs), the morphology of which is used as a 
strong taxonomic character. Each floret 
bears male and female organs (Figure 3) and 
fertilisation is mostly enacted through out
crossing. The style, beset with papillae, trans
ports previously discharged sticky pollen 
grains from the anther cylinder as it elon
gates. Stylar branches later bifurcate, expos
ing the inner receptive surfaces to pollen. 
Florets progressively mature inwardly from 
the periphery of the capitula. Due to these 
asynChronous development events, autoga
mous, geitonogamous and xenogamous pol
lination is effected mostly by vectors; the 



sticky nature of pollen prevents wind disper
sal (Ainsworth-Davis 1908). Nectar secreted 
by a ridge surrounding the base of the style 
accumulates in the corolla-tube and is har
vested by a wide range of short and long
tongued insects which effect pollination; but 
these have not been studied in detail. 

Although several hybrids have been re
corded in Europe and North America, 
(!Cazmi 1964, Franco 1976, Moore and Mul
ligan 1956 and 1964, Mulligan and Moore 
1961), hybridization has nOl been recorded in 
Australia, probably because of the geo
graphic isolation or extermination of compat
ible taxa. 

Seed Production and Dispersal 
Seed production in C. nutans ssp. nutam is 
extremely variable since flowering is indeter
minate and fecundity is the end product of all 
the density dependent and environmental 
influences on the plant. Life cycle has a 
strong influence on the number of seeds pro
duced which Sheppard el af. (in press) found 
was in the order of biennial > winter annual 
> summer annual. In addition, early flower 
heads are capable of greater seed proouc
tion, as shown by Papay ef aL (1984). In suc
cessive years early heads contained 536 and 
377 seeds whilst later heads contained 245 
and 187 seeds. Leigh el al. (in press) meas
ured up to 20,000 seeds per plant from 
spaced plants acting as winter annuals which 
bore up to 100 heads. Clearly this is an unre
alistic over-estimate of fecundity expected 
under sward conditions, which Papay et aL 
(1984) estimated at 8622 m·' (65% viability) 
from 3.8 nowering stems m·' carrying 29 
nower heads m·2. 

The same principles appear to bold for 
related Carduus taxa. For example, Lee and 
Hamrick (1983), measured 230 and 94 seeds 
per plant from annuals in two habitats, and 
951 and 414 seeds per plant from biennials in 
the same two habitats, giving seed proouc
tion of 1456 and 11669 m·' from populations 
of 2.6 and 17.6 plants m·' in the two habitats. 
McCarty and Lamp (1982) found that early 
flower heads were biggest and produced 
most seeds (663 and 815 per head in two sea
sons). Later nower heads in the same two 
seasons produced only 536 and 304 seeds. 
McCarty and Scifres (1969) and Kok el aL 
(1986) demonstrated the effects ofinter-spe
cific competition in reducing seed produc
tion, the latter authors showing that the re
duction in seed number was due to fewer 
heads rather than reduced head size. 

It is generally thought that the thistle is not 
well adapted for long distance dispersal by 
wind, and spread has been largely due to the 
transport of seed by human agency, in agri
cultural seed, hay, lime (Smith 1971), and on 
livestock or maChinery. Reports from several 
countries (Doing el at. 1969, Matthews 1971, 
Stuckey and Forsyth 1971) have surmised 
that since seeds are readily detached from 
the pappus, long-range wind dispersal is 
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Table 1. Summary of information on the germination of Carduus nutans ssp. 
nutans and related taxa referred to as C. nutans. 

C. nUlans ssp. nutans Other taxa 
Medd l Papay' Delahunty' 

Max germination (%) 86 85 73 80-90'-'·' 
Innate dormancy yes 8-16 weeks nt' Bwks4 

Dark-enforced dormancy yes yes nt ns' 
Opt. germ. temp. ('C) 15-20(light) 20-25 18-30 28' 
Effects of:· 

Seed coat damage +veC nt nt _ved,s 

H,SO, nt nt nt _ves 

KNO, +ve(dark) +vee + ve(light) at 
GAo, +ve(dark) +ve(light)' nt +ve(dark)' 
IAA ns nt nt ns' 
Kinetin +ve(light) nt nt +ve5 

Stratification -ve nt nt _veS,6 

I Medd (1977) or Medd and Lovett (1978b),' Papay el aL (1987) or Papay (unpublished), ' 
Delahunty (1962), 'Lacefield and Gray (1970), ' McCarty el af. (1969), • Young el aL (1978) 

ant = not tested; b ns = not statistically significant; c +ve = factor increased germination; d -ve 
= factor decreased germination; e in both case, on freshly collected seed shOWing innate dor
mancy. 

therefore unlikely. Delahunty (1962) set up 
sticky traps down-wind of a strip of thistles. 
During the 17 days of the experiment, the 
weather was mild and winds light. Of the seed 
caught in traps, 78% was within 1.2 m of the 
parent plants, 3% travelled more than 2.4 m 
and none were found beyond 20 m. Kelly el 
aL (1988) examined the dispersal of seeds 
with pappus still attached by using nets at 
three heights (1, 3 and 5 m) and three dis
tances (10, 33 and 100 m) from an isolated 
patch of plants. Although pappi were found 
in reasonable numbers in nets 100 m from 
the source, most were caught in the 1 m nets 
at all distances. The percentage of pappi with 
a seed decreased with height and distance. 
Most seeds were captured in the 1 m high 
nets located 10 m away. 

Working with a related taxon, Stuckey and 
Forsyth (1971) stressed Ihe very slow rate of 
spread into favourable habitats close to exist
ing populations. They pointed out that many 
seeds fail to separate from the receptaCle so 
that fruiting heads, complete with seeds, of
ten fall to the ground close to the parent 
plant. Smith and Kok (1984) examined the 
dispersal of seeds in winds up to 5.6 m S·I (20 
km h·l ) under conditions (on a paved parking 
lot) favouring over-estimation of dispersal. 
They found that less than I to 3% travelled 
further than 100 m and concluded that the 
majority of seeds are deposited in a dense 
pattern near the host plant. 

Seed Longevity, Dormancy and Germi
nation 
There are many indications that seed of C 
mUans ssp. nutans can survive in the soil in 
large numbers for several years. The seed 
appears to have no special mechanisms to 
help burial, which presumably occurs 
through seed falling down small cracks, by 

stock trampling and possibly by earthworm 
activity. The suggestion by Matthews (1971) 
that seed may persist in the soil for up to 20 
years is somewhat of an over-simplification, 
since longevity depends, among other condi
tions, on habitat and the depth of buria l. For 
instance, in naturally occurring populations 
in the soil, where seed importation had been 
prevented, Papay el aL (1987) estimated 
from seedling emergence behaviour that lon
gevity ranged from about 7 years in bare or 
cultivated ground to about 13 years in pas
ture. Papay and Thompson (1979) and 
Papay el aL (1987) showed that seed buried 
in the top 2 em of the soil survived for only 2 
to 3 years. Seeds buried at 4 to 6 cm deep 
would take 18 to 28 years to be eliminated, 
whilst at 19 to 21 cm elimination wou ld take 
between 34 and 77 years. By contrast, seed 
stored dry in a paper bag in the laboratory 
lost viability more rapidly than that buried 4 
to 6 cm deep in the soil (Papay and Th
ompson 1979) - a phenomenon noted else
where, and possibly explained by Villiers and 
Edgecumbe (1975). 

There appears to be a perioo of innate 
dormancy, lasting only a few weeks, which is 
broken by dry storage (Papay el aL 1987). 
This prevents all the seeds from germinating 
together in response to transient summer 
rainfall, and allows time for some to become 
buried. Once the innate dormancy has heen 
lost, most seeds can germinate readily in day
light, at temperatures of 15 to 30°C, when 
moist. Seeds which are in darkness, as a re
sult of burial, or which are exposed to a high 
far-red to red light ratio, as under a vegeta
tion cover (Medd and Lovett 1978b, Phung 
and Papay 1981), are in enforced dormancy. 
This may be broken when the light regime 
changes, or possibly by other factors such as 
soil nitrate levels, or seed-coat damage. 
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A range of conditions have been examined 
in the laboratory in an endeavour to charac
terise the germination behaviour ofe. mllans 
ssp. mUons and ils close relatives (Table I). 
Germination of C. nulans ssp. muans seed 
was enhanced by light, seed CQ.:1t damage, 
potassium nitrate, gibberellic acid and ki
nctin and reduced by stratifica tion. In gen
eral the related taxa behaved similarly, al
though light did nOi significantly increase ger 
mination and seed coal damage reduced ger
minatioll. 

Seedling Eswblishmenl 
The establishment period is undoubtedly the 
most vulnerable stage in the thistle's life 
cycle, despite several mediating adaptations 
in seeds and seedlings. Since seed is pro
duced in mid to late summer and has only a 
short period of innate dormancy, peak seed
ling emergence might be expected to occur in 
autumn. This is generally so, although seed
lings can also emerge in large numbers in the 
spring (Rocth 1979, Roberts and Chancellor 
1979, Lee and H amrick 1983, M edd 1986). 
In N ew Zealand, Popay and Kelly (1986), 
Popay el al. (1987) and M artin and Rahman 
(1988a) showed that in the presence ofpas
ture, seedling emergence was restricted al· 
most entirely to the autumn months; in the 
absence of pasture, seedling emergence look 
place in both autumn and spring. Popay and 
Kelly ( 1986) measured survival rates of au
tumn germinated thistles ranging from 1 % to 
19%, with a mean of 8.3%. Survival rales of 
thistle germinating at m her times o f the year 
were between 0% and 11 %, and averaged 
2.8%. 

O ne o f the reasons for poor establishment 
under pasture is the effect of vegetation-fil
tered light on seed germination (Medd and 
Lovell 1978b, Phung and Popay 198 1). This 
mechanism prevents seedling recruitment 
when there is actively growing vegetation that 
would provide unfavourable competition for 
those seedlings. The effects of early competi
tion on thistle seedlings have nm been re
ported, but Medd and Lovell (1978b) found 
that seedlings up to 35 days o ld were more 
demanding of light than older seedlings. 
H owever, as revealed by Edmonds and 
Popay ( 1983), seedling mortality remained 
high despite the removal of competition. 
Unpublished detail from their study indi
ca ted that of 1000 seedlings transplanted be
tween April and September into paraquat· 
treated or untreated pasture, 454 and 407 
respectively died without forming rosettes. 

From studies of a related Carduus taxon, 
Hamrick and L ee ( 1987) argued that estab
lishment is comparatively rare in dense pas
ture because of thick litter and observed very 
low « 10%) seedling mortality between 
cotyledon emergence in autumn and the end 
of winter. They described the optimum seed 
bed for establishment as one retaining the 
seed near the surface but providing mi
crohabitats with reduced evaporation, such 

as cracks or slightly irregular surface tapog· 
raphy. A light covering of Iillcr , falling after 
seed dispersal would help by reducing evapo
ration but not light. Such conditions were 
often observed in the over·grazed Kansas 
pastures inhabited by thist les and may ac· 
count for the lower mortality. M cCartyel aL 
( 1969) found germination of surface-sown 
seed to be much lower than that of seed sown 
5 mm deep, possibly because of a dearth of 
"safe sites" by comparison with the ideal con
ditions postulated by Hamrick and Lee 
( 1987). M cCarty eI al. ( 1969) also found that 
seed buried more than 50 mm deep failed to 
emerge, with some germinating but not 
emerging, while other seed remained dor
mant. 

Populatioo dynamics 
Many factors influence the demography of 
thistle populations· rainfall patterns, soil 
physical and chemical propert ies, tempera· 
tures during germinat ion, growth, vernalis
taion, seed production, daylength, competing 
vcgetation, seed and plant predation, popula
tion density. lhis means that the fate of an 
individual seed or plant is highly site- and 
time-specific. 

Medd (1986) attempted to integrate frag
mented studies of the population dynamics 
of a notional stable popu lation of the thistle 
in a perennial pasture by using the diagram
matic style of Sagar and M ortimer (1976). 
Since then demographiC studies of the spe
cies have commenced in southern France 
(Sheppard el aL in press) and in Australia 
(RH . Groves pers. comm.). Observations 
thus far have revealed that substantial seed 
losses may occur prior to recru itment and 
that there is high but variable mortality 
among seedlings and rosettes. Whilst seed 
banks of up to 5300 m·2 have been measured 
in the top 4 to 5 cm of soil (popay and Th
ompson 1980), the factors influencing the 
fate of seeds and the conditions of these high 
losses are incompletely understood. 

Plant mortality is probably associated with 
the effects of inter· and intra·specific compe
tition on vegetative growth rates, especially 
during late winter and spring in New Zealand 
(Popay and Thompson 1980) and during 
summer and spring in Kansas (Lee and 
H amrick 1983). Overall , the percentage of 
seedlings which survive and flower ranges 
from 0 to 46.1 (Lee and H amrick 1983, 
Popay and Kelly 1986), and survival is 
greater for autumn than for spring germinat. 
ing plants. Other data from Sheppard eI al. 
(in press) show mortality of up to 90% of 
seedlings occurred over summer, emphasis
ing the importance of site/season interac· 
tions. Their data also shows that rosette sur· 
vivorship is reduced under grazing. 

Both Popay el al. (1979) and Lee and 
Hamrick ( 1983) observed that roselle di
ameter CQuid be used to predict probabilities 
of mortality, time of flowering and seed pro· 
duction. 

Imponaocc 

Derrimental 
There is general agreement over the weed 
status of C. mllans ssp. maans, for, like most 
thistles, it has few desirable fea tures; cer
tainly none that could not be provided by 
more agreeable and tolerable species. Its in
troduction to south.eastern Australia and 
the failure to quickly act upon its detection 
has imparted considerable cost, particularly 
in temperate pastoral areas. 

In the absence o f appropriate economic 
data it is impossible to quantify the impact of 
C. nu.lans ssp. nutans upon the pastoral in· 
dustries, which is primarily two-fold. The 
thistle both competes with pasture plants for 
resources and reduces accessibility to useful 
fodder. These effects cannot be easily trans· 
formed into livestock losses due to the pro· 
pensi ty for thistle biomass and pasture value 
to respond dramatically to seasonal events 
and the condition of the pasture (see for ex
ample Auld eI aL 1979). Those considera
tions aside, many millions of dollars are spent 
annually on controlling this thist le, primarily 
because of its status as a noxious plant (Vere 
and M edd 1979). 

In pastures with between 6 and 30% thistle 
ground cover , Kelly and Popay ( 1985) found 
that vegetation growing within a rosette is 
little grazed. In addition, they measured little 
other biomass production within one·third of 
the area occupied by rosettcs. Thompson et 
aL (1987) found, however,that a thistle plant 
has a detrimental effect on pasture growth 
beyond the perimeter of its roselle, especially 
during summer when they calculated stands 
of WOO plants m" reduced pasture produc
tion by 13 to 14%. Furthermore, dense rna· 
ture stands of the thistle become obstructive 
to livestock and dried fragments and spines 
may cause physical injury or ad~ere (0 WOOl, 
lowering its value. 

Using a simulat ion model of growth and 
reproduction of the thistle tied 10 loss func· 
tions and control strategies, M oore el aL 
(1989) predicted that it was economically 
beneficial to apply herbicides in spring when
ever thistle ground cover exceeded 2.5%. 

Beneficial 
C. nlllans ssp. nutans has no direct cammer
cia l value or uses, although it provides, op· 
portunistically, a source of high quality 
honey. Reid ( 1982) estimated this to be 
worth around $0.5 million for one district in 
New Zealand during 1981-82. 

Legislation 
c. nutans ssp. mllans has been SUbjected to 
both seed quarantine and noxious plants leg· 
islation. It is currently proclaimed statewide 
as a noxious plant in N.S.W., Victoria and 
Tasmania and throughout New Zealand. 
Victoria and Tasmania enacted legislation 
almost immediately upon detection of the 



thistle, whereas in N .S.W ., proclamation as a 
noxious plant occurred haphazardly across 
local government areas over a protracted 
period spanning 20 years (M edd 1987). Proc
lamation as a prohibited seed contaminant 
was first enacted under the N .S.W. Seeds Act 
in 1964 and nationwide in 1968 under the 
Australian Plant Quarantine A ct. 

Response to herbicides 
Control of C. nulans ssp. nutans with herbi
cides has been highlighted in many articles 
but the most detailed experimental findings 
have arisen from studies in New Zealand. 
Control with herbicides is a favoured option 
since the thistle is highly susceptible to many 
inexpensive products. But there are two main 
difficu lties that require careful attention - se
lectivity, and the timing of herbicide applica
tion. M ost of the herbicides recommended 
for thistle control are not enti rely suited for 
use in pastures since they also damage leg
umes, apart from M CPB which is also less 
effective on the thistle. M CPA and 2,4-D 
both cause temporary clover damage whilst 
picloram, dicamba and clopyralid, which are 
extremely effective against the thistle, are all 
very damaging to clovers and can persist in 
the soil. 
In the South I sland of New Zealand, De

lahunty ( 1960, 1961, 1962) carried out nu

merous trials on control of the thistle in pas

ture and lucerne. Delahunty'S recommenda

tions, for pasture, were to apply 0.5 to 1.0 kg 
ha·' of MCPA, MCPB or 2,4-D in either au

tumn (April-May) or spring (Seplember). 

These recommendations were repeated by 

Hurrell et aL (1983) in Canterbury on the 

South Island and by Papay el af. ( 1989) on 

the North I sland. M CPA has become the 

preferred herbicide for control o f the thistle 

in the South I sland, and 2,4-D in the North 

Island. Popay el aL (1989) found there to be 

little difference in overall effectiveness be

tween M CPA at 1 kg ha·', 2,4-D at 1.5 kg 

ha-' and M CPB at 1.5 to 2 kg ha· ' , and con

firmed other observations that, at least at 

some sites, larger thistle rosettes were harder 

to kill than smaller ones. 
M CPB ester and clopyralid al 0.75 + 0.02 

to 1.0 + 0.03 kg ha-' can give significantly 
better control of thistle than MCPA or 2,4-
D, in locations where control is difficult 
(Rutherford el aL 1981, Popay el aL 1989). 
Thompson ( 1983) examined Ihe effects of 
different herbicides, applied through a rope 
wick applicator, to bolted thistles and con
cluded that 2,4-D + dicamba gave better 
control than 2,4-D + picloram, or glypho
sate, but that many seeds were still produced. 
HarringtOn and Papay ( 1987) found thaI 
some New Zealand populations of tbe thistle 
were 5 to 30 times more to lerant of MCPA 
than others. The M CPA-tolerant popula
tions were also tolerant of 2,4-0, but there 
appears to be no difference between the 

populations in their susceptibility to clop
yralid (H arrington el aL 1988). 

The question of when to apply herbicides 
has always been a vexed one. Medd and Lov
ett ( 1978a) hypothesized that the preferred 
time for a single annual application is in 
spring because of asynchrony in seedling re
cru itment and the need to treat plants before 
flowering. This strategy has been partly vindi
cated (M edd 1979, Popay el aL 1989) be
cause at least in some years, spring seedJjng 
emergence negates the effectiveness of au
tumn spraying. Consequently, autumn appli. 
ca tions made to minimise loss of pasture 
growtb through thistle competition, can only 
be economically justified if the va lue of extra 
fodder produced exceeds the cost of retreat
ing the area prior to Dowering, should it be 
necessary if new planlS emerge in winter or 
spring. Roeth ( 1979) pointed out that de
spite experimental data showing the effec
tiveness of applying herbicides during tbe 
rosette stage, many farmers and noxious 
plant authorities spray after the thistles have 
bolted, for several reasons. There are several 
groundS on which to strongly discourage this 
practice in favour of spraying rosettes. 
Firstly, most of the recommended herbicides 
work less effectively on older plants, espe
cially as they become woodier, since herbi
cides are less well translocated. For this rea
son, higher concentrations may be used, or 
more potent herbicide alternatives chosen. 
In consequence, greater damage may be in
flicted on the pasture, reducing its ability to 
compete with subsequent thistle cohorts. 
Furthermore, treating plants after they have 
begun to reproduce will not effectively pre
vent seed production. AU available evidence 
(mostly from studies on related taxa) indi
cates that herbicides applied at late bud or 
fu ll flower stage reduce, but not eliminate, 
viable seed production (Feltner el aL 1969, 
M cCarty and H atting 1975, M artin and Rab
man 1987). 

Australian and British recommendations 
for chemical control of the thistle arc simi lar 
to those for New Zealand (Anon. 1970, 
Hodge 1970, Medd 1975, MAFF 1977). In 
The United States, recommendations are 
broadly similar for the related taxa - being to 
spray with 2,4-D in autumn or spring, before 
the flower stalk elongates (Martinko 1980, 
Fawcett and Nelson 1981). Spraying wilb 
2,4-D + dicamba or 2,4-D + picloram are 
also recommended, especially when the 
thistles are under drought or cold stress, or 
after bolting (Hull and Evans 1973, M cCarty 
1979, Fawcett and Nelson 1981). 

Since seeds of the thistle accumulate in the 
soil, even an effective herbicide treatment 
has only a short term effect on plant popula
tions. One year after effective treatment, 
Feldman el aL ( 1967) found 20 10 25 % as 
many rosettes and new seedlings as in the 
original stand. Roeth (1979) found that in 
the second year after treatment, rosette 
counts were similar between treated and un-
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treated plo ts. Thompson ( 1979) concluded 
that 70 to 80% annual reduction in flowering 
caused by helicopter spraying was unlikely to 
lead to a progressive reduction in levels of 
infestation. Popayel aL (1989) found in one 
trial tbat there was no difference in thistle 
numbers in plots one year after treatment 
with a range of herbicides. Such results are to 
be expected in relatively small plots where 
seed from untreated plots can easily travel 
into untreated plots, but Popay el aL ( 1987) 
suggested that every thistle would have to be 
killed for about 13 years before the seed res
ervoir in the soil was completely depleted. 

Responses to olher human manipula
tions 

As C. nutans ssp. nutans reproduces only 
by sexual means, minimisation of seed pro
duction should be tbe prime objective of con
trol programs. Achieving such an Objective 
necessitates planning, since, as emphasised in 
tbe herbicide section above, none of the tech
niques when used alone are wholly effective. 
For this reason satisfactory control of the 
weed requires an approach which integrates 
tecbniques appropriate to dealing with the 
particular infestation. In addition to employ
ing any of the techniques outlined herein, 
property hygiene plays an important role in 
managing this thistle. Preventive measures 
may check the unnecessary movement of 
propagules via vehicles, machinery, livesrock, 
fodder and seed and, with greater effort , that 
by nalUral elements such as wind and water. 
Continual surveillance is always required to 
detect new imports and to moni tor the re
sults of control undertakings. 

Hand Operations and Burning 
Hand grubbing is commonly practised for 
infestations of low density or as a follow-up 
operation after broadacre treatment of 
denser or larger in festations. Grubbing is an 
effective teChnique provided plants are 
grubbed 5 to \0 em below the surface and the 
sod is detached from the uprooted ponion. 
This is necessary to prevent resprouting be
cause the crown and upper root tissues con
tain many buds, normally suppressed by api
ca l dominance, which may shoot following 
damage of any kind to plants. In order to 
eliminate seeding, Dower heads can be 
stripped from grubbed plants or entire plants 
removed to a suitable refuse and burnt. A o
rets that have been fertilised are capable o f 
maturing on dead plants, so producing viable 
seed. Burning of stands of the weed has little 
perceivable merit - combustion would only 
readily take place on mature plants from 
which most seed would have been previously 
dispersed. 

Slashing or Mowing 
M owing or slashing is a common method of 
improving the appearance of thistle-infested 
pastures and can assist the movement of 
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stock and improve access 10 fodder. As a 
control technique, timing of ~uch operations 
is critica l. Plants cut before the appearance of 
the terminal bud arc likely to regrow. On the 
mher hand McCarly and Halling ( 1975) 
found (on a related taxon) that viable seeds 
can be produced from heads severed as early 
as two days after anthcsis. Infestations mostly 
consist of plants of variable agc, resulting in 
characteristically non-uniform development 
and flowering. Consequently, repeated treat
ment is necessary to effective ly minimise 
seed production, making the teChnique 
somewhat unreliable and impractical. Mow
ing or slashing can, however, have an impact 
on plants that mature uniformly. For in
Slance, Leigh el al. (in press) found that 
slashing reduccd seed produclion per plant 
by 80% and plants did not regrow after slash
ing, although Ihis result was based on spaced 
plants, not on sward conditions. 

Cullivalion 
C. nulnns ssp. mtlnns rarely occurs in crop
ping habitats within Australia and New Zea
land, perhaps suggesting it is intolerant of 
repeated cultivation procedures. All the evi
dence for this thistle shows that seed longev
ily is prolonged by burial (Popay and Th
ompson 1979, Popay el al. 1987). Deep 
ploughing could thus be useful 10 deactivate 
seeds; either through decay or dealh or by 
burying them to a depth beyond which they 
are capable of emerging, should germination 
take place. On the other hand, seeds remain
ing near the surface have far shorter longev
ity and shallow cultiva tion could assist by pro
moting more rapid depletion of seed stocks, 
besides killing seedlings. 

Paslure Management 
There is no substitute for the establishment 
and maintenance of quality pastures in the 
quest to control C. nWans ssp. manns since 
seedlings of the thist le are intolerant of in
tense competition, especially for light (Medd 
and Lovell 19783). FUrlhermore, the pres
ence of continuous green vegetation can re
duce or even prevent germination since it 
increases the proporlion of far-red light 
which is inhibitory to germination (phung 
and Papay 198 1). 

The prinCiple of using and maintaining vig
orous temperate pastures for long term con
trol of thistles is well established (Michael 
1968, Forcella and Wood 1986, Medd el 01. 
1987). Pastures that are growing rapidly, es
pecially during the peak period of thistle re
cruitment in autumn, suppress germination 
(Popay and Kelly 1986), enhance competi
tion upon seedlings ( the most vu lnerable 
stagc of this thislle's life CYCle), prolong the 
rosette stage of thistle development (Papay 
et al. 1979, Edmonds and Popay 1983) and 
ultimately reduce population density and 
seed production. Even these pastures, how
ever, are nOl immune to disturbances which 
create gaps (Panella el al. in press) that allow 

aggreSSive weeds such as C. nulans ssp. 
mllans to establish (Medd 1977). Husbandry 
practices, notably grazing and the addition of 
ferlilizcrs, consequently playa vital part in 
maintaining pasture sward integrity and vig
our. 

There can be little question that prolifera
tion of C. mtlans ssp. nulans is encouraged by 
soil nitrogen enrichment under continuous 
heavy grazing, similarly to that observed for 
other thistles (Bendall 1973, Forcella and 
Wood 1986). In a glasshouse experimenl, 
Austin e/ 01. (1985) delerrnined Ihal biomass 
production increased with nutrient enrich
ment (using Hoagland No.2 solutions 10 

produce a gradient) in both monoculture and 
mixtures, although C. nUians ssp. nutans was 
a relatively poor competitor for nutrients 
compared with other thistle species. Under 
field conditions, ferti lizat ion, with either ni
trogen to stimulate tbe grass or with phOS
phorus to stimulate the clover component of 
an improved pasture had no impact on the 
amount of thist le (M edd 1979). 

Lax grazing of pastures, especially before 
periods of thistle recruitment, is superior to 
continuous grazing because of the dual role 
of suppressing germination and of increasing 
competition (Koller 1979, Medd 1979). Mar
tin and Rahman (1988b), however, demon
strated that once Carduus maans ssp. ml/ans 
rosettes were past the seedling stage differ
ent shecp grazing regimes had only minor 
effects on thistle behaviour and did not lead 
to control. Early winter hard grazing resulted 
in greater mortality (39%) than similar late 
winter grazing (21%) and continuous lax 
grazing gave leaSI marta lily ( 18%). 

Sheep and callie rarely consume fOliage of 
the thistle, unless forced, but are often ob
served plucking and consuming seed heads. 
This probably assists with seed dispersal, al
though the proporlion of viable seed voided 
in excreta has not been studied. Goats on the 
other hand attack buds of thistles and may 
well provide useful levels of control as Leigh 
el aL (in press) indicated. A number of spe
cies of birds also graze on mature seed. 

Responses 10 Natural Enemies 
No natural enemies of any note have been 
reported on C. maans ssp. nulans outside of 
its original Afro-Eurasian range, although it 
is evident that a considerable number of in
sects visit this and related Carduus taxa 
(Morihara and Balsbaugh 1976, Batra el aL 
1981, Briese 1989). In Australia, Leigh el aL 
(in press) introduced several species of gen
eralist insects to field-grown thistles under 
caged and non-caged conditions. Plants ex
posed to the insects, including several aphids 
(Capilop/lOms sp., My'''s sp. and Dysaphis 
sp.), the red-legged earlh mite Halotydeus 
destnlC10r Tucker, a leaf-mining moth Te
benna micalis M ann, leaf and bud-feeding 
moths Iieliolhis sp., the Rutherglen bug 
Nysius vinitor Bergroth, and several uniden
tified mites produced as much seed as did 

plants regularly treated with a systemic insec
ticide. 
In its nalive range Cardulls supports a di
verse insect fauna (Zwolfer 1%5, Baloch el 
aL 1971, Balra e/ al. 1981). Of the dozen or 
so insects considered as potential candidates 
for biocontrol of the C. maans group, two 
insect weevils have been pursued (Boldt 
1978, Schroder 1980, Trumble and Kok 
1982, Wapshere 1984). The seed-head 
weevil , Rhinocyllus coniclls Frohlich, has dis
played wide adaptability and efficacy on the 
C. mllans group (mainly c. Ihoermeri) and 
other thistles of the Iribe Cardueae (Goeden 
el al. 1985) in parts of Ihe Uniled Stales 
(Boldt and Kok 1982, Kok and Pienkowski 
1985) and Canada (HarriS 1984). A selection 
of R. coniclls from the Canadian population 
released during 1973 in New Zealand specifi
cally to cont rol C. nUlans ssp. nwans (Jessep 
1981) is also having a considerable impaci 
(Popay el 01. 1984). The same organism ap· 
pears 10 have established following its release 
by CSIRO, D ivision of Entomology al a 
number of sites in south-eastern Australia 
during the summer of 1988-89. Performance 
of R. conicus in the Australian environment 
will be of considerable interest since, unlike 
in New Zealand, emphasis was placed on se
lecting genotypically and homoclimatically 
matched slrains of the agent (Zwolfer and 
Preiss 1983) in order to exploitlhe full poten
lial of Ihe organism (Sheppard el aL in press). 
Stocks of the unmatchcd Canadian popula
tion, imported from stocks in New Zealand, 
have also been released in Australia. 

The crown-feeding weevil, Trichosirocalus 
ho"idus (Panzer) , (syn. Ceulhorynchidius 
ho"idus Panzer) attacks rosettes, but al
though populalions have been successfully 
established, this weevil has shown less impact 
as a biocontrol agent in North America 
(Cartwright and Kok 1985). Results from ilS 
introduction into Canada and New Zealand, 
in 1975 and 1987 respectively, have yet to be 
published. 

The overall experience on various plant 
taxa over a range of environments around 
the world has been that tx>th weevils are ca
pable of imparting beneficial levels of coo
trol. However, the impact of either weevil is 
strongly dependent on the size of planls and 
on seasonal and other growing conditions. 
For example, under some conditions plants 
damaged by T /1O"idlls coppiced freely, re
sulting in increased seed production from in
fested populations (Cartwrighl and Kok 
1985). Under optimal conditions R conicus 
can reduce seed output per head by up to 
80% whilst at certain times the weevil causes 
little damage to heads, such as those pro
duced in late aulUrnn (Popay el al. 1984, 
Sheppard e/ 01. in press). 

There is evidence that tx>th R. conicus 
(Rees 1977) and T. ho"idus (Trumble and 
Kok 1980a) arc somewhal tolerant of ceria in 
phenoxy herbicides; a feature which could be 
further exploited for integraled control 



(Trumble and Kok 1980b). 
A gall-forming insect Urophora solstilialis 

L is also under investigation as a biocontrol 
agent for this and other Carduus thistles (J.P. 
Aeschlimann, A W. Sheppard and J.M. Cui· 
len pers. comm.). Eggs are laid into juvenile 
florets and the developing larvae mine 
through to the receptacle of the capitula, in
citing the formation of a gall and secondary 
lignification of seed and surrounding tissues. 

As with the insect pathogens. a large num
ber of fungi 3 f C known to infect Cardulls 
thistles (BaLra eI aL 1981). Only one of these, 
a rust Puccinia carduomm Jacky. has been 
pursued to date as a potential biocontrol 
agent. The rust is virulent on a range of 
thistles, including the edible globe artichoke, 
Cynara scolymus L. (Politis el aL 1984, Politis 
and Bruckart 1986) causing iLS release to be 
curtailed; even though a strain oflhe ru st has 
existed in california, probably sinee 1951 
(Watson and Brunetti 1984). Altbough there 
is variation in specificity among strains with 
some showing minimal virulence on C. seo
lymus (Bruckart in press), approval for reo 
lease of the rust in the USA has to daLe not 
been fortbcoming. 
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