
REVIEW PAPER

Biology of milk thistle (Silybum marianum)
and the management options for growers in

north-western Pakistan
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Milk thistle (Silybum marianum) is cultivated as a medicinal plant but it also can be a
troublesome weed. It is an annual or biennial herb that prefers high rainfall and fertile soils.
Milk thistle has become a widespread weed in north-western Pakistan, where it causes yield
reductions �37% in wheat and poses harvesting problems due to its thorny nature. Short-
comings in cultural practises, such as a low crop seed rate,wide row spacing, broadcast fertilizer,
and limited crop rotation have contributed to milk thistle becoming a severe weed problem for
farmers in this region.This paper reviews the biology of milk thistle and discusses the possible
management options for its control, considering the socioeconomic conditions of farmers in
Pakistan.
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Milk thistle (Silybum marianum Gaertn.) can be a winter
annual or a biennial herb (Young et al. 1978; Austin
et al. 1988; Groves & Kaye 1989). Its current
distribution includes most temperate areas of the world
(Chambreau & MacLaren 2007). It is a broad-leaved
species belonging to Asteraceae that reaches a height of
200–250 cm (Omidbaigi & Nobakht 2001). Milk thistle
is grown commercially as a medicinal plant in Europe,
Egypt, China, and Argentina (Anonymous 1995) but it
has been reported as a noxious weed in many other
countries.

Milk thistle is a serious weed in many areas of North and
South America, Africa, Australasia, and the Middle East
(Holm et al. 1997). It can be found as a garden orna-
mental and shows up in flower and vegetable seed
packets (Roche 1991). Once milk thistle has found a
niche, it is a competitive thistle and tends to establish in
tall dense patches that eliminate other plant species,

either by shading or by competition for water and nutri-
ents (Berner et al. 2002). It is considered to be ruderal, or
weedy, in its native range, is found in dense stands along
roadsides and waste areas, and it prefers fertile soils
(Gabay et al. 1994). In Australia, it is particularly preva-
lent in Victoria and New South Wales, where dense
stands can develop on soils of high fertility (Michael
1968). Milk thistle is classified as a declared plant
(noxious weed) in Victoria, Tasmania, South Australia,
and Western Australia (Dodd 1989). Milk thistle is a
major weed in canola (Brassica napus L.) in Iran, causing
large yield reductions (Shimi et al. 2006).

In Pakistan, milk thistle has become a troublesome weed
in the last 15 years in winter crops, such as wheat (Triti-
cum aestivum L.), berseem clover (Trifolium alexandrinum
L.), oat (Avena sativa L.), barley (Hordeum vulgare L.), sugar
cane (Saccharum officinarum L.), and vegetable crops in the
irrigated northern districts (Anwar et al. 2004; Marwat
et al. 2006). Milk thistle emerges with or before winter
crops and is very competitive. Herbicides are not com-
monly used in this region and there is no concept of
weed control on roadsides and irrigation systems; there-
fore, a large number of seeds are produced and dissemi-
nated to uninfested areas.Wild oat (Avena fatua L.) and
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littleseed canarygrass (Phalaris minor L.) are the major
weeds in north-western Pakistan. Clodinafop and
fenoxaprop-P have been used extensively for a decade to
control these grass weeds; perhaps, creating a niche for
milk thistle invasions. Additionally, several organizations
involved in nature conservation have introduced this
species in national parks. The National Institute of
Health in Islamabad, Pakistan, has approved a plan to
create a traditional medicine park and botanical garden
on 10 ha, where many medicinal plants, including milk
thistle, will be grown to reduce the expenditure on
imported medicinal plants and generate revenue for the
country (Saeed 2008).

In view of the importance of milk thistle as a medicinal
plant on one level and a serious and rapidly spreading
weed on another level, it is imperative to formulate
a package of control measures in cropped and non-
cropped situations to maintain crop yields and
biodiversity.

ECONOMIC IMPORTANCE

Beneficial

Silymarin, a derivative of milk thistle, has a history of
almost 2000 years as a herbal remedy and has been the
focus of attention recently (Flora et al. 1998). Milk
thistle, also known as blessed thistle, has become one of
the most widely grown and economically viable medici-
nal plants in parts of Europe, including Bulgaria (Zhel-
jazkov et al. 1996), and is being evaluated as a crop in
Canada (Omidbaigi & Nobakht 2001; Zheljazkov et al.
2006). They reported that the ripe fruit of milk thistle
contains flavonoids that are used to prepare antihepato-
toxic drugs. At present, silymarin has the most proven
overall clinical hepatoprotective effects. Therefore, with
the high worldwide incidence of viral hepatitis, the
further study of the isolated phytochemicals is important
in relation to their potential antiviral activity against the
different hepatitis viruses (Thabrew 1996; Huseini et al.
2006). Silymarin treatment also has a beneficial effect on
improving the glycemic profile in patients with diabetes.
The milk thistle extract was shown to possess anticarci-
nogenic properties (Kohno et al. 2002). An injection of
silybin as an antidote for Death Cap mushroom (Amanita
phalloides) poisoning (Turner & Szczawinski 1991;
Herbal Information Center 2008) is kept in German
hospitals for emergency treatment. Administering sily-
marin (in the form of milk thistle silage) to cows in
the transition period lowered the triglyceride level and
influenced the enzymic activity of the blood serum
(Grabowicz et al. 2004). Milk thistle seeds might have

a potential as a source of edible oil as the mature seeds
contain 25–30% high-quality oil (42% linoleic acid and
36% oleic acid) (Rizk et al. 1970; Hamid et al. 1983;
Hassan et al. 1988).

Apart from the medicinal value, milk thistle may be used
for the phytoremediation of polluted soils (Rio et al.
2002). Tang and Willey (2003) found that milk thistle
had high average concentrations of 134Cs, ranging from
340–400 Bq g-1, and it could accumulate higher concen-
trations of radiocesium.

Detrimental

Milk thistle is a nitrate accumulator and can be lethal
when livestock ingest the plant, particularly in the early
wilting stage (McBarron 1976; Harradine 1985; Roche
1991). Livestock deaths have been attributed to nitrate
poisoning from milk thistle in Australia and California,
USA (Kingsbury 1964). Additionally, livestock can have
difficulty drinking the water where milk thistle grows in
dense stands on the banks of water bodies, water chan-
nels, and canals.

Milk thistle is an established weed in Canada and in the
states of Oregon, California,Texas, and Nebraska in the
USA. Contaminated seeds from California led to infes-
tations in sugar beet (Beta vulgaris L.) in Nebraska
(Omtvedt 1984). Milk thistle, at a density as low as one
plant per m2, decreased the wheat grain yield in Pakistan
(Khan & Marwat 2006; Marwat & Khan 2007). The
yield-related traits (spike length, number of grains per
spike, and number of spikelets per spike) of wheat sig-
nificantly decreased with the increasing density of milk
thistle (Khan et al. 2005).

Milk thistle was more competitive with a low tempera-
ture and high rainfall conditions: the wheat yield losses
ranged from 7–28% in a dry year and from 28–37% in a
wet year (Khan & Marwat 2006). Irrigation can be
expected to make milk thistle a more serious weed
problem.

Milk thistle can grow in dense stands and become a
threat to biodiversity. Dense, established milk thistle
stands in California produced 1.4 million viable seeds per
acre and 4 t of vegetation per acre (Roche 1991). Low
weed densities are able to displace a high number of
pasture plants, as the rosette of a milk thistle plant can
reach 1 m in diameter (Sindel 1991).

BIOLOGY

In north-western Pakistan, milk thistle seed germination
starts in October and continues through December. It
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develops slowly through the seedling stage, becoming flat
rosettes by late fall to early winter.The growth is rapid in
early spring and rosettes �1 m in diameter are produced
(Parsons 1973). In north-western Pakistan, milk thistle
produces seeds from February to March, before wheat
maturity, and the seeds are shed to the soil, where they
become a problem in subsequent years.The 1–2 m plant
height, leathery seed heads tipped with 2 cm spines, and
large prickly leaves make milk thistle a highly undesir-
able species when manually harvesting a crop (Young
et al. 1978).

Groves and Kaye (1989) documented that each milk
thistle flower head produced ~ 190 seeds,with an average
of 6350 seeds per plant. Sindel (1991) reported 94% seed
viability with little initial dormancy, although dormancy
can be induced when the seeds are buried in the soil,
where they can remain viable for �9 years. The seed
germination rate reached the maximum at 15°C and
decreased with increasing temperatures (Ghavami &
Ramin 2007). The milk thistle emergence decreased
with the burial depth, but substantial emergence
occurred from 8 cm (Young et al. 1978).

The seed production potential, growth, and dispersal of
milk thistle are affected by a number of factors. Omid-
baigi and Nobakht (2001) reported that nitrogen fertil-
izer increased milk thistle’s growth, including the plant
height, number of capitula per plant, capitula diameter,
seed yield, and silymarin and silybin content. Danin and
Tov (1990) reported that milk thistle is associated with
nutrient-rich sites and its wind-dispersed achenes possess
an oily food body that is attractive to harvester ants.
Following the removal of the oil body, the achenes are
deposited in the refuse zone, together with rich organic
material and soil removed from the nest. While in the
nest, the achenes are partly protected from fires; thus,
milk thistle grows successfully in the nutrient-enriched
refuse zone in grasslands.The seeds are about the size of
a grain of wheat; therefore, imperfectly cleaned or
uncleaned cereal seed is a common means of its spread
(Parsons 1973).

Several researchers have documented the allelopathic
effect of milk thistle. Inam and Hussain (1988) found that
aqueous extracts from the leaves, stems, inflorescences,
and roots decreased the germination and early growth of
mustard (Brassica juncea L.), cucumber (Cucumis sativus
L.), wheat, and sorghum (Sorghum bicolour L.).Thin layer
and gas liquid chromatography analysis revealed the pres-
ence of p-OH-benzoic, caffeic, syringic, p-coumaric,
chlorogenic, and ferulic acids in the shoots. Strong veg-
etative growth and allelopathic effects could account for
the dense monospecific stands (Gabay et al. 1994).

MANAGEMENT

Preventive methods

Milk thistle was first noticed in the water channels that
pass through the Pakistan Council for Scientific and
Industrial Research Laboratory Complex, Peshawar,
north-western Pakistan (Khan M.A., 2006, personal
observation), where they grow it for silymarin extraction
from the seeds. It then spread in several districts and now
is a threat to agricultural crops (Fig. 1). Impoverished
farmers cut the mature plant at the base and carry it to
their homes to use as fuel, inadvertently spreading the
weed.The farmers need to be convinced to cut the plants
before maturity to prevent seed production and dissemi-
nation. Water and agricultural machinery appear to be
the main sources of dissemination because this weed has
become a problem in adjacent districts. As this weed is
only a major problem in a few districts of north-western
Pakistan, laws and regulations passed by governmental
agencies and farmer education can greatly influence the
overall control program.

Fig. 1. Wheat crop infested with milk thistle in Peshawar,
north-western Pakistan.
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As milk thistle spreads mainly by seed, the depletion of
the soil seed bank and the prevention of future seed
production are the best long-term management ap-
proaches. Preventive methods include the use of clean
crop seeds, careful use of the seeds in industries and
research laboratories, keeping the water channels free of
weeds, using clean agricultural machinery, and prevent-
ing this plant from producing seeds. At the agroecosys-
tem level, seed or propagule dispersion from field to field
and from farm to farm needs to be recognized as an
important factor that affects the whole agricultural
system and should be included in comprehensive weed
management planning (Thill & Mallory-Smith 1997;
Woolcock & Cousens 2000). False or stale seedbed prac-
tises should be effective because fields are usually irri-
gated before crop planting and, thus, germinated milk
thistle seedlings will be killed.

The Pakistan Devolution Plan (the local government
plan) was introduced in 2000 to integrate the rural and
urban local governments and to involve the civil society
in community development at the district, town, and
union levels (Anonymous 2000).To involve people more
actively, local organizations, like the Citizen Community
Boards, have been introduced and farmers’ representa-
tives are part of this plan. As the members of these
organizations are local representatives from each union
council and the majority of the members have a farming
background, they can convince the farming community
of improved weed management methods. Educating
people by these organizations can play a vital role in
creating awareness and preventing this weed from further
spreading.

Cultural methods

Rotating crops with different life cycles can disrupt the
development of weed–crop associations (Karlen et al.
1994; Derksen et al. 2002). Similarly, early uniform crop
establishment is essential for crops to successfully
compete with weeds (Blackshaw et al. 2007). Increasing
the crop density and reducing the row spacing increase
the competitive ability of the crop with the weeds (Pook
1983). Mohler (2001) reported that increased shading
progressively delayed leaf initiation and reduced the plant
size of milk thistle.

As cultural weed control methods are feasible and
acceptable to the farming community in north-western
Pakistan, the farmers need to be convinced that long-
term control can be achieved if cultural techniques are
utilized.Vigorous perennial pastures compete effectively
with milk thistle, although annual pastures are generally

uncompetitive in the fall, when early fall rain favors the
dominance of the weed (Michael 1968). Parsons (1973)
sowed bulbous canarygrass (Phalaris aquatica L.) in a field
with a history of milk thistle infestation and observed
that the fresh weight and population density of milk
thistle was reduced by 74% and 39%, respectively. Black-
shaw et al. (2007) reported that different planting and
harvesting dates of diverse crops provided opportunities
for producers to prevent weed establishment and seed
production. As wheat planting begins in mid-October
and continues until mid-December in north-western
Pakistan, early crop sowing with narrow row spacing and
a higher seed rate is a good control strategy as the
common row spacing is 30 cm and the seeding rate is
only 100 kg ha-1. Indeed, Khan and Marwat (2006)
found that the growth and seed production of milk
thistle was reduced by increasing the wheat seed rate
from 100 to 160 kg ha-1.The dwarf wheat cultivars are
widely planted in north-western Pakistan, so taller wheat
varieties also could play an important role by shading
milk thistle.As the farmers usually use the harvested crop
as seed for the next year, the use of certified seed, or at
least planting seed free of milk thistle, also would aid
control programs.

Subsurface banded, compared with surface broadcast,
fertilizer has been found to reduce the competitive
ability of some weed species (Blackshaw et al. 2002).
Broadcast fertilizer is the common application method in
Pakistan; thus, subsurface fertilizer applications might
make wheat a stronger competitor with milk thistle and
should be evaluated.

The greater utilization of berseem clover, oat, or barley
as fodder crops in rotation with wheat might aid in
reducing the milk thistle populations in north-western
Pakistan. Intercropping is another practise that can be
adopted easily in Pakistan due to the availability of
manual labor and the extended growing season. Increas-
ing crop productivity and managing weeds are the major
objectives of intercropping as intercrops inhibit weeds by
limiting the resource capture by weeds or through allelo-
pathic interactions (Liebman & Dyck 1993).

Physical methods

Cultivation kills the seedlings of milk thistle while
mowing is effective if done before the plants start flow-
ering (Parsons 1973). In Western Australia, milk thistle
infestations are often slashed or mowed in an attempt to
control this weed (Dodd 1989).

Interrow cultivation in wide-row crops, such as veg-
etables, can suppress milk thistle plants. However, in
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wheat and sugar cane, this method cannot be employed
because wheat is grown in narrow rows and sugar cane is
harvested from November to December, when milk
thistle is already well established. In contrast, pulling and
cutting can be performed at the seedling stage of most
crops. Tillage, cutting, pulling, and mowing might be
effective along roadsides and other non-agricultural
lands before the flowering of milk thistle. In many row
crops, individual plants can be selectively pulled as most
farmers have small land holdings and labor is inexpensive
in Pakistan.

Response to herbicides

The seedlings and rosettes of milk thistle are easily killed
by several herbicides, but the larger rosettes and flower-
ing plants are harder to kill (Parsons 1973). Foliar, broad-
leaved herbicides are most effective if applied to actively
growing plants in the fall or spring. Selective broad-
leaved herbicides with active ingredients, such as triclo-
pyr, 2,4-D, or aminopyralid, applied before flowering,
work well and will not harm most grasses. Metsulfuron
works but can cause some damage to perennial rye and
fescues (State Noxious Weed Control Board 2008).
Unselective herbicides, such as glyphosate, can be used
where damage to other vegetation is not a concern. In
the industrial sites of Peshawar, the capital of north-
western Pakistan, glyphosate is applied for total vegeta-
tion control and it was observed that glyphosate applied
40–60 days after milk thistle emergence showed excel-
lent results.

Clopyralid and clopyralid mixtures are suitable to control
milk thistle at all stages of growth. Shimi et al. (2006)
reported that 0.24 kg ha-1 of clopyralid gave 94% control
of milk thistle in canola. In cereals, MCPA, 2,4-D amine,
and 2,4-D ester can be used for milk thistle control
(Department of Primary Industries,Water and Environ-
ment 2008). Zand et al. (2007) reported that milk thistle
control in wheat ranged from 90–94% with chlorsulfu-
ron at 10.5 g ai ha-1, metsulfuron plus sulfosulfuron at
36 g ai ha-1, or bromoxynil plus MCPA at 560 g ai ha-1.
Zheljazkov et al. (2006) reported that bentazon at
0.96 kg ai ha-1 suppressed milk thistle growth and seed
production. Bromoxynil, 2,4-D, and MCPA are easily
available in the market and are affordable in Pakistan.
Therefore, the application of these herbicides in many
monocot crops can be used for milk thistle control.

Biological methods

The aim of biological control is to reduce the seed
production, either by the direct destruction of the flower

head or by weakening the plant so that it dies before
flowering or produces less seed (Bruzzese 1996). The
European weevil, Rhinocyllus conicus, was released in
Canada in 1968 and in southern California in 1971
for milk thistle control. This weevil attacks thistles in
the genera, Carduus, Onopordum, Silybum, and Cirsium
(Goeden & Ricker 1974). In view of the prolonged
flowering period and the large seed output of milk
thistle, the restricted period of oviposition by the weevil,
R. conicus, and the low density of larvae per capitulum
might limit its impact as a biological control agent (Dodd
1989). Clarke & Walter (1993) reported that Nezara
viridulu was found regularly on milk thistle in Queen-
sland, Australia.

Septoria silybi is a fungus, causing leaf lesions and inter-
fering with photosynthesis (Moscow & Lindow 1989).
Roche (1991) reported that S. silybi infected milk thistle
frequently when daylight was provided during high-
humidity inoculation periods, but rarely when light was
excluded, because of the pathogen’s requirement for
open stomata to penetrate the thistle leaves. Berner et al.
(2002) reported that the rust fungus, Puccinia punctiformis,
is well known as a pathogen of Canada thistle (Cirsium
arvense [L.] Scop.) and it was found recently infecting
milk thistle. Thus, there might be a good potential for
P. punctiformis to be utilized for milk thistle management
in the future. In north-western Pakistan, armyworm
(Spodoptera sp.) eats the green tissues of milk thistle
during the late flowering stage. However, the effective-
ness of armyworm to manage milk thistle has yet to be
determined.

Grazing by goats also can limit seed production and
reduce milk thistle’s biomass (Campbell et al. 1979).
Farmers in Pakistan often have goats on their farm; thus,
grazing with these animals might suppress milk thistle
growth and seed production in non-crop situations.
However, early grazing by goats is recommended
because goats will not go inside the dense stands of milk
thistle after spine initiation as the milk thistle spines are
very sharp at the flowering stage.

FARMER AWARENESS AND FUTURE
CONTROL EFFORTS

Farmers’ awareness of milk thistle in Pakistan needs to be
improved. Farmers are generally unaware of the detri-
mental effects of this weed on the crop yield and, thus,
they do not place sufficient emphasis on its control
(Khan & Marwat 2006; Marwat & Khan 2007). It also
needs to be recognized that milk thistle is not only a
problem weed in cash crops but it effectively displaces
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beneficial plants in pastures and non-crop areas. The
monitoring of fields, roadsides, and non-crop regions for
milk thistle infestations is needed to prevent the further
spread of this weed.

In developing countries, such as Pakistan, herbicides are
not widely utilized among the farming community due
to small land holdings and low economic status. Conse-
quently, the farmers mostly rely on cultural methods of
weed control and that is the area where educational and
demonstration research efforts should be concentrated.
The development and implementation of cropping
systems with competitive crops will limit the crop yield
losses caused by milk thistle and will reduce infestation
densities with time.The adoption of management prac-
tises, such as clean seed, higher crop seeding rates (espe-
cially wheat), closer row spacing (preferably <30 cm),
taller varieties, early sowing, subsurface banded fertilizer,
interrow cultivation in row crops, the cutting or pulling
of seedlings, and the use of suitable herbicides, will con-
tribute to more effective milk thistle management.
Cultural weed control practises can be effective when
utilized individually, but the consistency and level of
weed management are much greater when they are
combined and utilized within a multiyear approach
(Blackshaw et al. 2007). The integration of these sug-
gested control practises should greatly reduce milk thistle
populations in both cropped and non-cropped areas.

Apart from the agricultural lands, dense populations of
milk thistle along roadsides and water channels and in
industrial sites and waste areas act as seed reservoirs for
the continued invasion of this weed. Thus, appropriate
and cost-effective control efforts are required in these
areas as well if the successful long-term control of milk
thistle is to be achieved. Researchers, extension person-
nel, and farmers need to work together to accomplish
this goal.
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