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Nevada’s Priority Agricultural Weeds:  Musk Thistle
Submitted By: Brad Schultz, Extension Educator, 
University of Nevada Cooperative Extension, Winnemucca, Nevada
Originally published in the Nevada Rancher and Progressive Rancher
Musk thistle (Carduus nutans) is a non-native biennial forb (wild flower) that arrived in North America (Pennsylvania) in 1852. The plant’s native range is from Western Europe through Asia. Musk thistle became established in the Midwest around 1900 and was identified as a problem across North America in the early 1940’s. The USDA Plants database reports that musk thistle is present in all but three (Maine, Vermont and Florida) of the lower 48 states, and in all of the southern Canadian Provinces. There is some evidence musk thistle is toxic to other plants (i.e., allelopathic), yet the same extracts and leachates that harm other plants appear to facilitate the recruitment of musk thistle seedlings.  
Musk thistle is primarily an upland species (i.e., non-riparian) with excellent adaptation to disturbed and degraded sites on the landscape. This includes roadsides, railroad right-of-ways, frequently disturbed fence lines, vacant lots, ditch banks, wheat and fallow fields, and overgrazed pastures and rangelands. Musk thistle grows best on soils with high nitrogen content and can tolerate a wide range in soil pH from 6 (acidic) to 9 (basic). Musk thistle readily inhabits damp but not saturated soil, and grows best on alluvial type soils with abundant spring moisture. Sites inhabited may receive as little as 10 inches of annual precipitation, but supplemental irrigation or run-on moisture are common. Musk thistle’s elevation range is broad, from near sea level to almost 4,000 feet in California, but between about 4,400 and 8,500 feet in Utah and New Mexico. Locations that develop snowdrifts (fence lines, swales, etc.) are readily invaded by musk thistle. 
Almost 16% of the public land managers in Nevada rated musk thistle as a problematic weed on public lands. For agricultural producers, 5.9 % rated it a serious problem. Geographically, musk thistle was considered problematic by 5% or more of the producers in Eureka and Lander counties (14.5%), Elko County (10.4%) and Douglas and Carson City counties (8.8%). In all other counties less than 5% of the agricultural producers expressed concern. Muck thistle is considered a problem on range and pasture land for several reasons: 1) it competes with and reduces desired forage plants; 2) it has sharp spines that can hinder the movement of livestock and wildlife, and/or prevent their use of areas of the landscape; and 3) it reduces recreation potential of infested sites. 
Plant Biology
Musk thistle is usually a biennial plant but a small percent of the spring germinants (3.5%) typically act as an annual and produce seed that fall. Biennial plants produce seed at the end of their second growing season. All reproduction for musk thistle comes from seed. The roots lack buds that can form a new plant following a disturbance that breaks the long tap into smaller segments. Musk thistle seed may germinate in either the spring or fall when soil moisture is adequate. Seedlings develop into a basal rosette of leaves during the first growing season, typically go dormant during the winter, regrow the following spring, and initiate reproductive stems about one month into the second growing season. Populations of musk thistle typically have individuals of mixed ages and different lifecycles (annual vs biennial), which results in a suite of plants at different growth stages (e.g., rosette, bolting, bloom or producing seed). A population of weeds growing at multiple growth stages is likely to have a highly variable response to a single control treatment applied to all plants on a single day. Some growth stages will be adversely affected, others unaffected, and some potentially may even have a positive response.
Root development the first growing season is largely limited to many shallow roots that support growth of the basal rosette. A deep tap root develops when growth resumes the second growing season. The tap root has the ability to extract soil moisture from deep in the soil profile throughout the summer, which provides the moisture needed to support rapid and abundant stem growth, flowering, and seed production most of the summer. The root crown and very upper portion of the root immediately below the root crown have buds that can sprout following removal of part of the rosette’s leaves. 
Mature and unstressed musk thistle plants can produce over 600 solitary flower heads but most plants generally produce 40 for fewer (Figure 1). One plant can produce upwards of 20,000 seeds. Research has found that one-third of the seed produced has excellent germinability (95% viable) and about one-half has poor germinabiltiy (≤ 2% viable). Thus, a plant that produces 10,000 seeds will disperse slightly over 3,000 highly germinable seeds. 
Biennial musk thistle plants typically produce more seed than those that exhibit an annual lifecycle. Flowering and seed production typically lasts for a 7 to 9 week period provided soil moisture remains adequate. Seed can become mature and begin dispersal 7 days after flowers appear which in the Intermountain region typically begins in June. Early maturing seeds typically are heavier and have greater viability than late maturing seeds; thus, control efforts should begin before the first seed matures. 
Dispersed seed typically falls close to the mother plant (≤ 130 feet) even in sustained winds of 12 mph. Long distance dispersal may occur from a suite of mechanisms. Seed that becomes attached to the hide of livestock or wildlife can move many miles as those animals move from one location to another. Among wildlife, birds often eat musk thistle seed and their subsequent flight patterns may move digested but viable seed many miles. Seed can also be moved long distances when vehicles, farm equipment (often in mud in attached mud or flower heads in the undercarriage) and/or contaminated crop products are moved to different locations. Musk thistle seed floats well; thus, flowing water (e.g., canals, ditches, etc.) can move viable seed long distances. Transportation corridors also are pathways for long distance dispersal. Figure 1. Musk thistle plant with many solitary flower heads at the end of the reproductive stems. The leaves are deeply lobed with spines along the margins, particularly at the tip of the lobes. The inset photos show the solitary flower head and a seedling transitioning into the rosette growth stage. Photo from: http://www.co.morton.nd.us/index.asp?Type=B_DIR&SEC=%7B051CAEFB-BCEA-4063-8883-DBA0B375C902%7D&DE=%7B5EE56BEF-8429-4FBD-BC30-37A9319AA2F0%7D 
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Dispersed seed may remain viable for 10 to 15 years, perhaps longer, creating a large persistent seedbank. The depth of burial influences seed longevity, with seed buried at shallow depths (≤ 1.0 inch) surviving up to 3 years and seed buried at greater depths surviving much longer. Seed germination is greatest when the soil is moist for a prolonged period and temperatures are between 59 and 86°F. Sunlight with an abundance of white and red wavelengths also promotes germination. These two wavelengths are abundant at the soil surface when bare ground is abundant and/or the vegetation has sparse canopy cover.
Control Approaches
Long-term control of a musk thistle infestation requires eliminating seed production long enough to deplete the long-lived soil seedbank. Concurrently, one has to prevent the introduction of additional seed from nearby and/or distant populations. Once control occurs, the site must be occupied by a dense vigorous stand of either desired perennial grasses (pasture or rangeland) or crop species to increase shade and reduce sunlight at the soil surface. More shade at the soil surface reduces the amount of red and white light at the soil surface, which decreases the germination potential for musk thistle seed. If seedlings become established on well vegetated sites there are a suite of non-chemical and chemical treatments that can control musk thistle, but the population should be smaller, easier and cheaper to control than those on sites where abundant bare ground facilitates large populations.  Regardless of whether musk thistle populations are large or small, young or old, long-term control will probably involve an integrated approach that applies multiple methods in a planned sequence and/or combination. There is no single recipe available to control musk thistle: all properties and infestations are different and will require place-based solutions.  

Non-chemical Methods
Any mechanical treatment that completely severs the taproot below the soil surface kills musk thistle plants. This treatment must separate the root crown (location where buds occur) from the root system.  This prevents the root system from supplying water and nutrients to buds on the root crown and their subsequent growth after the plant was disturbed. After a mechanical treatment, if the leaves still have a vascular connection to the root system and soil moisture is present, the plant will regrow from the buds on the root crown and/or from the base of the flowering stems. If left untreated, this post-treatment regrowth can produce flowers and seed. 
All mechanical treatments must occur before the flower heads emerge. Viable seed can be produced in as few as seven days after flowering begins; thus, severing the tap root after flowering begins may kill the plant but not prevent seed production from occurring. Moisture in the severed stems can be sufficient to allow seed formation to occur. Mowing may be an effective treatment but it must be timed to occur just before flowering. Mower blades typically cannot be placed close enough to the ground surface to remove all musk thistle leaves. This allows most mowed plants to regrow, especially when soil moisture levels do not limit regrowth. Musk thistle typically flowers over a 7 to 9 week period; therefore, repeated mowing treatments are often needed because most musk thistle populations have plants with a wide range of maturity stages. One mowing treatment may control seed production on some plants but only delay seed production on others. 
Musk thistle is not common in regularly worked cropland; thus, frequent cultivation probably reduces the plants abundance. Infrequent cultivation or deep burial; however, prolongs seed life and can result in a large persistent seedbank because seed can remain viable for 10 to 15 years. Subsequent tillage is likely to bring seed back toward the soil surface where germination is more likely due to the large amount of sunlight reaching the soil surface. 
Fire events that result in long periods of bare ground are is likely to facilitate an increase in musk thistle because of the seed and seedling’s ability to have large germination and establishment rates, respectively, in a high light environment. Fire that results in a dense stand of tall desired perennial vegetation is likely to decrease the abundance (or risk) of musk thistle, due to poor light availability at the soil surface. Flaming individual plants at the rosette or bolting growth stages may result in their mortality if the heat load at the root crown is sufficient to kill the buds on the root crown. Low heat loads are likely to result in musk thistle resprouting. Seedlings are probably easily killed by flaming if treated before they transition into rosettes, especially large rosettes with many buds on the root crown. There is little research about the effect of fire on musk thistle seed, but seed covered by soil, even at shallow depths, probably survives most fire and flaming events quite well. The heat load is too small for a long enough period to cause much seed mortality. 
Fire can work well as part of an integrated management program when it removes dead leaves or stems from an infested area. The dead material can intercept much of an applied herbicide and its removal allows for greater placement of an herbicide on the target plants. For areas that need to be reseeded to establish competitive vegetation, fire can also remove plant material from the seedbed, which can improve seeding success.  
Livestock grazing with cattle or sheep is not considered a viable control option. Musk thistle’s leaves have many spines which dramatically reduces its palatability. Livestock may enhance seed dispersal more than providing effective weed control. Goats are well known for consuming numerous species of thistle and may provide some level of control, but to be effective control agents grazing with goats must be integrated with other treatment methods. The management of grazing on sites infested with musk thistle must ensure that the grazing animal targets (harms) the weed but provides benefit to the desired forage species. If the desired forage species are routinely heavily grazed there is an increased risk that musk thistle will establish and/or existing populations will increase. 
Biological control of musk thistle has occurred with several weevils. The thistle-head weevil (Rhinocyllus conicus) has become widely established in many northwest and northern states. This weevil’s success has been variable, reducing seed production anywhere from 10 to over 90 percent. A root crown weevil (Trichosirocalus horridus) has also been effective where introduced in western and mid-western states. Neither bio-control agent provides complete control of musk thistle. There is some evidence that the insects may need 10 to 15 years (or longer) to reach a control level of 80-90 percent. The evidence suggests that bio-controls are ineffective as a stand-alone treatment, and if used, should always be part of an integrated treatment program.
Chemical Control
There are at least 17 active ingredients labeled for application to musk thistle in Nevada (Table 1), and at least 193 potential products available. Many of these products are pre-mixed packages that include one or of the 17 active ingredients shown in Table 1, and at least one other active ingredient. The additional active ingredients may or may not be labeled for musk thistle, but often are labeled for additional weeds that grow in conjunction with musk thistle. Products with multiple active ingredients may be appropriate if the target weed community includes more than just musk thistle. Most, but not all of the active ingredients in Table 1 are selective herbicides, and across all of the potential active ingredients there are varying levels of residual activity. Generally, there are several products available for most of Nevada’s major crops, wildland settings and non-crop environments. 
Most herbicides, even those with a strong soil residual, control musk thistle best when they are applied postemergence, at the seedling to rosette stage. Some are also effective at the bolting growth stage, but usually require a greater application rate. Treatment cost increases but treatment effectiveness seldom has a corresponding improvement. Any herbicide application should ensure that there is enough soil moisture in the ground for musk thistle to have rapid growth for several weeks or more after the treatment application. This ensures that the active ingredient is moved (translocated) from the leaf surface to the plant’s growing points that produce the leaves, bolting reproductive stems or flower heads. Death of buds is critical for killing and controlling musk thistle. Herbicide treatments should occur before flowering begins. Mature seed can develop in as few as 7 days after pollination and seed development may happen quicker than herbicide uptake and subsequent death of the plant. 
For a foliar systemic herbicide treatment to be effective the leaves must be actively photosynthesizing, and photosynthesis requires adequate soil moisture and warm temperatures. The mere presence of green leaves in late summer or early fall does not guarantee the plant is photosynthesizing and moving carbohydrates to the growing points. Herbicide applications to green plants under dry soil conditions, or during a prolonged period of cold temperatures, are less successful than applications when the soil is moist and air temperatures warm. 
No single active ingredient listed in Table 1 is the best chemical for all musk thistle infestations. Every infestation has some unique characteristic and herbicide selection should be based on site-specific conditions. Some factors to consider are: 1) do you need an herbicide that is selective and not going to adversely affect the residual desired species that occupy the site; 2) are your short- and mid-term management objectives compatible with a chemical that has residual soil activity, especially those with a long period of residual activity ; 3) what will musk thistles’ growth stage(s) be when you have the time to fit an herbicide treatment into your overall farming or ranching operation; 4) can you make the commitment to any follow-up treatment that is needed; and 5) if herbicide treatments will occur for several consecutive years consider using active ingredients with different modes of action (i.e., killing mechanism)  to reduce the risk of selecting for herbicide resistant biotypes.  
Any weed control and management program for musk thistle should use an integrated approach that applies two or more methods of weed control. Very seldom does a single approach work long-term. Furthermore, all approaches, except for the purposeful management of an area for bare-ground, must consider how to establish and/or increase the desired species.  A dense, vigorous stand of desired perennial grasses (or crop species) provides the best opportunity to prevent the rapid large scale establishment of musk thistle. Tall and dense desired vegetation reduces the amount of sunlight that reaches the soil surface and low sunlight conditions at the soil surface decrease germination potential. Also, when the desired species have large root systems they (not the weeds) will acquire most of the available soil moisture and nutrients. If your property is susceptible to musk thistle becoming established, periodically scout the area to find the initial (and often few) colonizers, and eliminate them before they produce abundant seed. Early detection of musk thistle and a rapid response to the first few plants that appear provides the best opportunity to prevent large scale establishment and a costly multi-year treatment program.
An important question of any herbicide treatment is, was I successful? Your level of success cannot be determined until at least the middle of the first growing season after application of your herbicide treatment.  The effectiveness of an herbicide treatment on any weed that can develop a long-lived persistent seedbank should not be judged as a complete success until no plants have occurred for the duration of time in which seed can survive in the soil.  
The next article in this series will address poison hemlock (Conium maculatum), a very poisonous non-native forb that is often mistaken for edible species of the carrot family. 
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Table 1. The list below identifies the active ingredients and many of representative products known to control musk thistle in the landscape settings and crops for which the active ingredient is labeled. Use the information in this table to determine the potential active ingredients for your specific needs. Product selection should occur only after the applicator has read all current product labels and identified the appropriate products for their specific situation.  Many of the active ingredients listed in this table are available in pre-mixed formulations with other active ingredients. Those pre-mixed packages (products) are not listed in this table. A complete list of all active ingredients and products labeled to control Musk thistle can be searched for at the CDMS (http://premier.cdms.net/webapls/formsloginRef.asp?/webapls) and Greenbook (http://www.greenbook.net/) websites. The order of chemicals below does not reflect any preference or efficacy. Across the spectrum of available products, some may only suppress musk thistle (generally means no seed production). Herbicides used for suppression are marked with an *.
	


Active
Ingredient
	
Representative Products
	Range and Pasture
	Non-Crop
	Fallow
	Bare-ground
	Small Grains
	Corn
	Alfalfa
	Mint
	Potatoes
	Selective
	Soil Residual
	


Growth
Stage

	2,4-D*
	Many
	x
	x
	x
	x
	x
	x
	x
	
	x
	Yes
	No
	Postemergence to young rapidly growing weeds at seedling to rosette stage (before flower stalks begin development. Repeated treatments often needed. 

	Aminocyclopyrachlor
	Method 50G or 240 SL
	x1
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence or early postemergence to actively growing weeds

	Aminopyralid
	Milestone
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Postemergence in spring from rosette through bolting stage, fall to seedlings and rosettes

	Bentazon
	Basagran or Basagran T&O or  5L, BashAzon
	
	x
	
	
	
	x
	x
	x
	
	Yes
	Little to none
	Postemergence to actively growing weeds in rosette stage and ≤ 10 inches diameter, with good soil moisture

	Chlorsulfuron
	Telar XP
	x
	x
	
	
	
	
	
	
	
	Yes
	Moderate to long 
	Postemergence from bud to bloom stage or fall rosettes. Treatment after bolting stops seed development 

	Clopyralid
	Clean Slate
Stinger
Transline
	x
	x
	
	
	x
	x
	
	x
	
	Yes
	Moderate 
	Postemergence from rosette through bud stage 

	Dicamba
	Banvel, Clarity, Sterling Blue 
	x
	x
	x
	
	x
	x
	
	
	
	Yes
	Yes
	Postemergence from small rosettes through bolting, but greater rates needed for larger/older plants

	Fluroxypr
	Starane Ultra
Vista XRT
	x
	x
	x
	
	x
	
	
	
	
	Yes
	Yes 
	Postemergence to actively growing weeds before bud stage

	Glufosinate-ammonium
	 Ingnite 280 SL, Reckon 280 SL, Rely 280
	
	x
	x
	
	
	x
	
	
	x
	No
	None to very short
	Postemergence to actively growing plants; repeat treatments may be necessary to deplete seedbank

	Glyphosate*
	Roundup, Accord and many other products
	x
	x
	x
	
	x
	x
	x
	x
	x
	No
	No
	Postemergence to rapidly growing young plants/seedlings or at bud stage for plants in second growth year 

	Imazapic2
	Plateau, NuFarm
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Postemergence to young actively growing weeds

	Isoxaben
	Gallery
Treiils
	
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence with light cultivation or 0.5 inches of moisture within 3 weeks of application 

	Metsulfuron- methyl*
	Ally, Escort, Patriot 
	x
	x
	
	
	x
	
	
	
	
	Yes
	Moderate to long
	Postemergence from rosette through bloom growth stages. Treatment after bolting stops seed development  

	Picloram
	Tordon 22K
Trooper 22K
	x
	x
	x
	
	
	
	
	
	
	Yes
	Yes
	Postemergence, preferably to rosettes in spring or fall, or during bolting but before flowering and at higher rates than rosette stage

	Sulfometuron methyl
	Oust XP
Spyder
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence or early postemergence to young actively growing weeds

	Triasulfuron*
	Amber
 Rave
	x
	x
	x
	
	x
	
	
	
	
	Yes
	Yes
	Postemergence to actively growing weeds ≤ 6 inches tall or wide

	Triclopyr
	Element, Garlon, Relegate, Tahoe
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Postemergence in the rosette growth stage


1. Has a grazing restriction for treated forage, hay or straw. Suitable for rangeland managed for wildlife habitat, not livestock grazing
2. Primarily results in suppression in northern states
Listing a commercial herbicide does not imply an endorsement by the authors, University of Nevada Cooperative Extension or its personnel. Product names were used only for ease of reading, not endorsement. Herbicides should be selected for use based upon the active ingredient and the specific bio-environmental situation to which it will be applied. Product labels change often; therefore, applicators should always consult the current label prior to applying any herbicide. 
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