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Nevada’s Priority Agricultural Weeds: Yellow Starthistle
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Originally published in Nevada Rancher and Progressive Rancher
Yellow starthistle (Centaurea solstitialis L.) is a non-native forb (wildflower) originally found in southern Europe. This weed entered the United States as a seed contaminant in alfalfa in the 1850s. Following its initial introduction to the United States, yellow starthistle has spread to all but seven of the lower 48 states, including all 17 western states. Yellow starthistle usually follows the lifecycle of a winter (cool season) annual plant but on occasion may become biennial. All annual plants reproduce only from seed; thus, long-term control requires preventing existing plants from adding new seed to the soil and reducing the number of viable seeds in the soil seedbank for at least several years, and perhaps as long as 10 years.  
Yellow starthistle typically inhabits areas that receive 10 to 60 inches of annual precipitation, have well-drained soils, are below about 7,500 feet in elevation, and have hot dry summers. The preferred soil types inhabited are deep silt loam and loam, but the plant can also grow on shallow and gravelly soils. Yellow starthistle may occur in open woodlands, shrub-grass rangelands, grasslands, pastures, cultivated fields, roadsides and other linear corridors that are regularly disturbed, recreation areas, waste areas and vacant lots. New infestations can readily establish on disturbed ground at the wildland-urban interface. Yellow starthistle does not grow well in areas with extensive shading or low light conditions. These conditions are typical of vigorous agronomic crops or productive pastures and rangelands with dense vigorous stands of tall perennial grasses. Shortly after seedlings of yellow starthistle emerge, they begin to develop a deep tap root that reaches moist soil below the comparatively shallow root zone inhabited of most annual and perennial grasses and many shrubs. 
At the state level, 7.9 percent of agricultural producers in Nevada considered yellow starthistle a problematic weed, which ranks the plant as the 17th most problematic weed in Nevada. Some agricultural producers in each county consider yellow starthistle a problem, with the largest percentage in Washoe and Storey Counties (13.9 percent), Douglas County (13.2 percent), Clark and Lincoln Counties (10.6 percent), and Pershing County (10.5 percent). In the remaining counties between 5 and 10 percent of respondents considered the weed problematic. Among managers of public lands, 6.7 percent of survey respondents considered the weed a problem. Yellow starthistle creates management problems because the weed is highly competitive and tends to form dense stands that displace higher value vegetation. Stand density has been reported to reach hundreds of thousands of plants (or more) per acre. Mature plants are unpalatable to all livestock except goats due to thorns that protrude from flower heads (Figure 1). Also the plant contains a chemical that causes chewing disease in horses. Figure 1. Yellow starthistle plant at the flowering growth stage with long spines that make the plant unpalatable to most livestock. Photo from Calflora. http://calphotos.berkeley.edu/cgi-bin/img_query?where-taxon=Centaurea+solstitialis&where-anno=1). © 2008 Luigi Rignanese.
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Plant Biology
As a winter or cool season annual, yellow starthistle typically germinates from the fall through early spring (i.e., the cool months) and develops a basal rosette of leaves by mid-spring. In late spring to mid-summer, the reproductive stems bolt upward and develop flowers and subsequently seed. By the time flowering occurs, most, if not all, of the basal leaves have desiccated. The stem leaves typically are covered by dense cottony hairs which can intercept herbicide before the chemical reaches the leaf surface and stomata where uptake occurs. Yellow starthistle seedlings put most of their initial growth into root development via a deep taproot that can penetrate the soil to over six feet deep. This root provides access to deep soil moisture that is largely unavailable to many other plants during the driest part of the summer. The lower two inches of the stems typically have buds that can facilitate rapid regrowth following mowing or defoliation that leaves several inches or more of stubble.  
All reproduction occurs from seed. Individual plants may produce from 1 to 1,000 flower heads per plant, with up to 80 seeds per flower head, for approximately 80,000 seeds.  Research has reported seed production can reach 14 to 100 million seeds per acre. Seed may become viable only eight days after flower initiation. The first germinable seed on a plant appears when about two percent of the flower heads have initiated flowering. Germination can occur at both warm and cool temperatures if soil moisture is adequate. Excellent germination occurs when temperatures exceed 43°F and are less than 86°F. This allows for germination and seedling establishment from fall through spring, making it difficult to achieve excellent control with a single herbicide application at the “seedling” growth stage. High light conditions at the soil surface enhance germination.
Over 90 percent of the seed falls within two feet of the mother plant, but some seed may fall up to 16 feet away when the wind reaches 25 mph and is largely blowing over bare ground. This results in a slow but persistent expansion of the perimeter of any infestation. Animals and humans can move viable seed both short and long distances relatively quickly. Yellow starthistle seed has microscopic barbs (on the pappus) that readily adhere to animal hides and clothing. Longer distance transport occurs when contaminated animals are shipped to new locations, vehicles covered with infested mud disperse the material far from where it became attached, or contaminated crops are shipped to distant locations. Many birds, including ring-necked pheasant, quail, house finches, and others feed heavily on yellow starthistle seed and easily move the seed offsite after foraging bouts. 
Yellow starthistle seed may remain viable in the soil for as long as 10 years for seed with plumes, and six years for seed without plumes (Figure 2).  Burial depth of seed influences seed viability. As much as 88 percent of the seed buried at two inches deep is viable 13 months after burial. Buried seed generally remains viable longer than seed on or very close to the soil surface because it is less exposed to soil pathogens, intense heat, insects, seed consuming animals, and other factors that result in high seed or seedling mortality. Figure 2. Seeds with and without a plume. Plumed seeds retain viability in the soil several years longer than seeds without plumes.
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Control Approaches
Non-chemical
Because yellow starthistle only reproduces from seed, control of this weed requires three general strategies: 1) preventing seed production; 2) and depleting the soil seedbank over at least two to four years, and perhaps longer; and 3) preventing movement of viable seed back onto the site from other locations. Also, a vigorous stand of perennial grasses (or other desired species on cropland) must be established to reduce the number of germination “safe sites” in the soil that yellow starthistle seed may inhabit. Safe sites are minute locations in the soil that provide the best microenvironment for seed to germinate and for the seedlings to establish.  
Mechanical tillage methods can effectively control yellow starthistle if they are properly timed to prevent seed production, and they persistent long enough across time to deplete the soil seedbank. New and especially small patches of yellow starthistle can be effectively addressed by hand removal (pulling, digging, hoeing, etc.), as can old infestations that have been treated for several years or longer and have few plants or viable seed left on the site. Tillage treatments must remove all stem material to ensure there are no basal buds left for regrowth to occur. When two inches or more of a stem remain after a mechanical treatment, there can be rapid regrowth from one or more buds at the base of the stem, provided the roots have access to adequate soil moisture. Mechanical treatments should occur after the plants have bolted and before any viable seed has been produced during the early flowering stage, which is about eight days after flower initiation occurs. Large-scale tillage can control large infestations of yellow starthistle when it severs the root below the soil surface and separates the root crown from the tap root below. It is most effective in early summer before seed set occurs. Repeated tillage just before seed set can deplete the seedbank dramatically in a few years. 
When topography and soil conditions permit, mowing can effectively control yellow starthistle. Mowing treatments work best when applied after the bloom has begun, but before five percent of the flower heads are in bloom. Mowing too early can permit rapid regrowth because deep soil moisture is abundant and the plant can regrow from buds at the base of each stem. Mowing too late (> eight days after flower initiation) just disperses viable seed, and the later into the flowering period that mowing occurs, the greater the numbers of viable seed present. Also, if desired perennial grasses inhabit the site, mowing treatments that overlap plant growth (for the grasses) from just after the grasses reach the boot stage through early seed head emergence are likely to result in less carbohydrate production and a decline in the stored energy reserves. The stored energy reserves are what keep the grasses alive during summer and winter dormancy and to initiate growth the following growing season. Thus, a decline in vigor occurs for the very species you may need to fully occupy the site post-treatment. Depending on the amount of regrowth by yellow starthistle following a mowing event, multiple treatments in a growing season may be warranted. 
Cattle, sheep and goats will readily select yellow starthistle before the spines associated with the flower heads appear. This corresponds with the rosette through bolting growth stages. Once the spines appear, only goats will readily consume the plant. Yellow starthistle is toxic to horses and they should not graze infestations that lack other forages they can select. Grazing is seldom effective as a stand-alone weed control treatment because it cannot be applied long enough and/or with great enough intensity to fully control the weed without adversely affecting the desired palatable forage species on the site. Also, to obtain use levels sufficient to seriously harm yellow starthistle, livestock productivity is likely to decline beyond acceptable levels. Grazing works well when integrated with other management actions which collectively will: 1) cause greater harm to yellow starthistle plants than repeated application of either treatment alone, and/or 2) confers greater benefit toward desired residual species so they can outcompete the starthistle plants and assume dominance of the site. Every grazing treatment should be evaluated for its potential adverse effects on the desired residual species that inhabit the site. If the grazing treatment largely eliminates the desired species and there is no vegetation on-site to competitively exclude yellow starthistle (or another weed) then yellow starthistle or some other weed are likely to establish on the site. The best defense against the sudden large scale establishment of yellow starthistle or any other weed species is the presence of one or more desired deep rooted species that capture most of the sunlight and soil resources before they are used by yellow starthistle or another weed species. . 
Seed buried in the soil is relatively safe from fire-generated heat but plants can be readily killed by flaming/fire. Any fire treatment should occur before the first viable seed is set, and remember almost all seed can germinate one week after dispersal. Prescribed fire (or flaming) before seed set occurs can substantially reduce the number of seeds in the soil the following growing season because one year of seed input is lost. Three consecutive years of burning can reduce the seedbank from over 300 seeds per square foot to about 10 or less. The key is to always apply the burning treatment before the plants develop any viable seed. Seed in the soil at the time of burning generally survives well, but no additional inputs occur, and the remaining seedbank suffers annual losses from consumption by insects, birds or other wildlife, disease or soil microbes, or successful germination but failed seedling establishment. Fire treatments that remove most standing vegetation (desired or undesired species) before the typical germination period for yellow starthistle likely to enhance seed germination because more sunlight will reach the soil surface. This approach can actually increase the number of young plants on a site and increase the effectiveness of other treatment methods including tillage, pulling, or herbicides. Also, the seedbank becomes smaller with each germination event that is not followed by inputs of additional seed to the seedbank. The benefits of any burning treatment should be weighed against potential adverse effects toward desired vegetation on the site. Treatments that will harm the desired residual species should be avoided unless the site can be successfully reseeded with species of equal or greater ability to exclude weed species and provide a plant community that meets management goals and objectives. 
Six insects are known to attack the seed heads of yellow starthistle but only two have demonstrated much success at reducing seed production These are the hairy weevil (Eustenopus villosus) and the false peacock fly (Chaetorellia succinea). The reported declines of 43 to 76 percent seem high but are insufficient for long-term control of yellow starthistle because one large healthy plant can produce 80,000 seeds. Seventy-six percent control may still yield about 20,000 seeds being produced.  

Chemical Control
There are at least 14 active ingredients labeled for application to yellow starthistle in Nevada (Table 1) with at least 152 potential products available. Many of these products are pre-mixed packages that include one or more of active ingredients shown in Table 1 and one or more additional active ingredients that often control many other weeds, some of which often grow in conjunction with yellow starthistle. Most of the active ingredients in Table 1 are selective herbicides and collectively they possess varying degrees of soil residual activity. Soil residual activity can be important for controlling seedlings that appear months to several years after an herbicide treatment. These herbicides can be very valuable for treatments on rangeland, pasture or non-crop areas but less useful for areas planted to many annual crop species. There is at least one active ingredient and usually multiple products available for most of Nevada’s major crops (Table 1), but most of the herbicides labeled for control of yellow starthistle are labeled for range, pasture and non-crop settings. This reflects the infrequent presence of yellow starthistle in most agronomic fields.  
Most herbicides, including those with a strong soil residual, control yellow starthistle best when they are applied postemergence at the rosette stage. Some herbicides also are effective at the bolting to early flower-bud growth stages but they often require higher rates of application. In part, this is due to the cottony hairs that form on the leaves and stems of mature yellow starthistle plants. These hairs intercept much of the applied herbicide, which prevents good contact between the active ingredient and leaf surface where uptake occurs. Higher application rates are needed to achieve the level of uptake typically found before the hairs develop. For all herbicide applications, the applicator should ensure that there is enough soil moisture in the ground for yellow starthistle to have rapid growth for several weeks after the application. This allows the active ingredient to be moved (translocated) from the leaf surface to the plant’s growing points (meristematic tissues) which is where the plant creates new leaves, and its reproductive stems and flower heads. Death of these growing points is critical for killing and controlling the weed. Growing conditions that result in little or no herbicide uptake and/or translocation to the growing points (i.e., excessively cold, dry, wet or cloudy) are going to be costly failures. 
No single active ingredient listed in Table 1 is the best herbicide for all infestations of yellow starthistle. Every infestation has some unique characteristic different from other sites. 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 vegetation on the site; 2) are your short- and mid-term management objectives compatible with a soil persistent herbicide that can leave a significant amount of the active ingredient in the soil for months to years; 3) what will be the growth stages of yellow starthistle when you have time to fit an herbicide treatment into your overall farming or ranching operation; 4) can you make the commitment to any follow-up treatments that are needed; and 5) consider using active ingredients with different modes of action (i.e., killing mechanism) when chemical treatments are needed for several consecutive years. The latter consideration reduces the risk of creating herbicide resistant biotypes of yellow starthistle.  
An important question of any herbicide treatment is, was I successful? Yellow starthistle reestablishes from seed each growing season, and seed buried several inches deep can survive at least six to 10 years. An herbicide treatment of yellow starthistle can be 100 percent effective the year it is applied, but successful long-term control of yellow starthistle may require several more years of completely successful treatment before all of the viable seed in the soil is eliminated. Always revisit treated sites for at least three or more years to ensure that new plants do not establish and produce seed. Remember, one large productive plant can produce upwards of 80,000 seeds. If the infested area occurs along an invasion pathway for which the movement of starthistle seed cannot be prevented, then annual inspection should occur to determine if new plants have established. If new plants are found, the best control treatment may or may not be an herbicide application. If only a few young plants are present remove them mechanically to reduce the risk of creating an herbicide resistant plant. Repeated use of the same active ingredient or other active ingredients with the same mode of action can lead to herbicide resistance and loss of an effective management tool. 
Weed control and management programs for yellow starthistle 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 on an infested site. A dense, vigorous stand of desired perennial grasses (or crop species) provides the best opportunity to prevent a rapid large scale establishment of yellow starthistle, particularly when it is combined with periodic scouting to find and eliminate the initial colonizers. Controlling the initial colonizers of a site before they add seed to the soil typically results in a one season control program. Once viable seed enters the soil, a control program will last at least three to four years or longer. Early detection of yellow starthistle and a rapid response to the first few plants provides the best opportunity to prevent large scale establishment and costly, multi-year treatments. 
The next weed addressed in this series will be dodder (Cuscuta spp.) a parasitic annual plant that may infect crops or wildland settings.  


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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Table 1. The list below identifies the active ingredients and many of representative products known to control yellow starthistle in the landscape settings and crops for which the active ingredient is labeled. Most herbicides will require multiple applications (retreatment) to achieve high control levels due to the large root mass of yellow starthistle. 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 yellow starthistle can be searched for at the CDMS (http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=7607&t=) 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 yellow starthistle (generally means no seed production). 
	


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 rapidly growing plants from seedling through rosette stage. 

	Aminocyclopyrachlor
	Method 50 SG
Method 240 SL 
	x
	x
	
	x
	
	
	
	
	
	Yes
	Yes
	Preemergence or postemergence during rapid growth from seedling to rosette stage.  

	Aminopyralid
	Milestone
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence or postemergence during rapid growth - rosette (best) through bolting stages.

	Bromoxynil, Octanoic acid ester
	Broclean
Buctril
	
	x
	
	
	x
	x
	x
	x
	
	Yes
	No
	Postemergence to actively growing seedlings with ≤ 4 leaves and ≤ 2 inches tall for best results.

	Clopyralid
	Clean Slate, Stinger, Transline
	x
	x
	x
	
	x
	x
	
	x
	
	Yes
	Yes
	Postemergence to seedlings and rosettes (best), with higher application rates needed on bolted. plants

	


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


Growth
Stage

	Chlorsulfuron
	Telar
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence only. Postemergence requires tank-mix with an active ingredient with postemergence activity.

	Dicamba
	Banvel, Sterling Blue Herbicide
	x
	x
	x
	
	x
	x
	
	
	
	Yes
	Yes
	Postemergence to actively growing plants from rosette to early bolting. 

	Glufosinate-ammonium
	Forfeit, Reckon 280 SL, Rely 280
	
	x
	
	
	
	x
	
	
	
	No
	None to very short
	Postemergence to actively growing plants when temperatures are warm, humidity high and bright sunlight. 

	Glyphosate
	Accord, Roundup and many others
	x
	x
	x
	
	x
	x
	x
	x
	x
	No
	No
	Postemergence to rapidly growing unstressed plants through early flower stage. 

	Imazapyr
	Arsenal, Habitat, Polaris
	x
	x
	
	x
	
	
	
	
	
	No
	Yes
	Preemergence for seedlings, with some postemergence activity for young rapidly growing weeds.

	Indaziflam
	Esplandade 200 SC
	
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence with soil incorporation by rainfall (0.25 in).

	Picloram
	Tordon 22K
	x
	x
	x
	
	
	
	
	
	
	Yes
	Yes
	Preemergence or postemergence during active growth, from rosette through bud formation. 

	Tebuthiuron
	Spike 80
	x
	x
	
	
	
	
	
	
	
	Rate dependent
	Yes
	Preemergence or postemergence with soil incorporation by precipitation. 

	Triclopyr
	Element, Garlon 3A, Trycera
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Postemergence to actively growing weeds from seedlings to bolting stage. 
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