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Nevada’s Priority Agricultural Weeds:  Dyer’s Woad
Submitted By: Brad Schultz, Extension Educator, Winnemucca, NV

Dyer’s woad (Isatis tinctoria) is a non-native cool season forb originally from southeastern Russia. It initially spread to Europe where it was used as a dye and medicinal herb as early as the 13th century. Dyer’s woad arrived in the United States (New England region) in the early 1600s and it first appeared in California in the early 1900s. Since then, dyer’s woad has become established in many rangeland areas in the western states. Dyer’s woad has the ability to form large, dense populations (colonies) that exclude desired species valuable for livestock and wildlife (Figure 1). Research in the mid 1980s found that dyer’s woad populations were expanding at about 14% per year, but the corresponding loss in forage production for livestock was nearly 40%. Figure 1. Bright yellow patches on the lower half of the photo are dyer’s woad colonies in Montana. Photo by Steve Dewey, Utah State University. Obtained at: http://images.bugwood.org/gallery.cfm?coll=1387
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Dyer’s woad is largely a weed of overgrazed pastures, degraded sagebrush (Artemisia tridentata) plant communities; and disturbed areas along roadsides, railways, gravel pits, vacant lots, and similar types of sites where the vegetation has been dramatically altered by human activities. These activities create widespread bare ground or plant communities with little diversity or few desired perennial plants: conditions susceptible to invasion by dyer’s woad. Disturbed areas inhabited with curlycup gumweed, broom snakeweed, cheatgrass, medusahead, jointed goatgrass or bulbous bluegrass are susceptible to dyer’s woad, but this weed has also been found on more mesic sites inhabited by quaking aspen, mountain mahogany antelope bitterbrush, and mountain snowberry. Irrigated crop areas (alfalfa and small grains) can also become infested. 
Populations of dyer’s woad have established across a broad elevation range from near sea level in California to almost 9,000 feet in Idaho and Utah. Across the Intermountain west the general elevation range is about 4,400 to 8,500 feet. Dyer’s woad generally grows best in areas that receive a minimum of 14 to 18 inches of annual precipitation. It often inhabits sites with ample soil moisture early in the growing season but become dry to very dry by mid-July and remain so the remainder of the growing season. This includes steep mountain sides with coarse rocky soil. There appears to be some propensity toward inhabiting the east sides of valleys on mountain slopes with a southerly to westerly exposure and access to full sunlight.
At the state level, in 2009, about 1.8 percent of Nevada’s agricultural producers considered dyer’s woad a problematic weed. This ranks dyer’s woad as the 26th most problematic weed in Nevada. At the county level, Elko County was the only location in Nevada where at least 5 percent of the agricultural producers rated dyer’s woad a problematic species. Public land managers in Nevada generally do not consider dyer’s woad a problem species. Of the 52 survey responses received from public land managers in 2009, only one identified dyer’s woad as a problem weed. Dyer’s woad, however, is a serious pest on many sagebrush rangelands in surrounding states and this suggests it has the potential to expand rapidly and inhabit many different plant communities in northern and central Nevada. 
Plant Biology
Dyer’s woad typically grows as a biennial plant; therefore, it takes two growing seasons to complete its lifecycle. On rare occasions an individual plant may act as a short-lived perennial, producing seed in at least two growing seasons during its lifespan. All reproduction occurs from seed. Figure 2. Reproductive stems and flowers elevated above the leaves of dyer’s woad. Photo from New Mexico State University Weed Information Site, http://weeds.nmsu.edu/photos/144.jpg
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Seed germinates and seedlings emerge in either the fall (provided adequate precipitation occurs) or spring, and the plants produce a rosette of leaves the first growing season before entering summer dormancy in July or August. Dormancy continues through the following winter and plants reemerge in the early spring, regrowing from buds on the root crown or upper 1 to 2 inches of the taproot. Regrowth often emerges a week or so after snowmelt on the site ends. The first four to six weeks of spring growth reforms the basal rosette of leaves. Sometime between late April and early July anywhere from one to about seven  (sometimes many more) flowering stalks begin to elevate above the leaves (Figure 2). Flowering typically occurs from May to mid-July, being later at higher elevations or on sites with cooler annual temperatures. The period from initial elevation of the flowering stalks to seed development is about eight weeks. 
The root system of dyer’s woad is dominated by a tap-root that can reach a depth of over 5 feet on deep soils. Lateral roots are concentrated in the upper 8 to 12 inches of the soil profile and typically extend about 16 inches. Over 40 percent of the total root length may occur in the upper 8 inches of the soil. The abundant shallow lateral roots are very effective for extracting water and nutrients used for rapid early season leaf growth. The deep tap root can extract soil moisture well into the summer to support flowering, seed development and even regrowth if the leaves are removed. The root crown and perhaps the upper taproot just below the root crown (for 1 or 2 inches) have buds capable of growing new leaves and stems should the existing ones be removed, and sufficient soil moisture remains to support the regrowth.  
Dyer’s woad can be a very prolific seed producer, with as many as 10,000 seeds per plant, but 350 to 500 seeds per plant is more typical on rangeland settings. Once seed development starts, it occurs rapidly. Seedlings that emerge in the fall typically produce about 200 more seeds per plant than do seedlings that emerge in the spring. Fall germinating plants tend to be larger, more robust plants, with more extensive root systems to obtain soil moisture, than are spring germinants. This outcome results in greater seed production per plant. Spring germination, however, typically is much greater than fall germination and the result is substantially more plants (i.e., a much larger weed population), which ultimately produces more total seeds, despite fewer seeds per plant, than fall germinants. Flowers and seedpods reside directly above the leaves, which are restricted to the lower stems. This suggests they can be an effective barrier to herbicides applied from directly above, especially during the early flowering period when herbicide control would be more effective (than late flowering). 
The seed of dyer’s woad falls to the ground encased in its fruit, with over 90 percent falling within two feet of the mother plant. Most of the seed will be shed by late August to early September but a small percentage remains on the plant into the winter. Fruits (seeds) that remain on the plant until winter snow covers the ground can be dispersed much further by the wind when it blows the seed pods across a crusted snow cover. In general, long distance seed dispersal is from human, animal (livestock, wild ungulates, rodents and birds), and flowing water vectors. Fruits and seed may attach to clothing, shoes, fur, hooves, and vehicles and equipment and ultimately moved several to hundreds of miles before falling to the ground. Contaminated hay and seed crops that are transported long distances can also move seed quickly and facilitate the establishment of new populations. There is widespread speculation that the high incidence of dyer’s woad on south-facing aspects in Utah is related to high deer and elk use of these sites in the winter. Dyer’s woad fruits have flattened wings that help them float, facilitating long-distance movement by flowing water. 
Little is known about the long-term viability of dyer’s woad seed but evidence suggests seed can remain viable in the soil for at least 10 to 12 months. Seeds generally are non-dormant at dispersal but the fruits (seed pods) contain chemicals that can inhibit germination as long as the seed remains attached to the fruit. Winter precipitation leaches the chemical inhibitors to seed germination from the fruit, which in part is responsible for the high germination rate found in the spring. 
Dyer’s woad seed germinates readily under red, yellow and white light. These light colors are characteristic of high sunlight environments, which are common on disturbed sites. Exposure to far red and blue light, which mimics dense vegetation conditions at the ground surface, typically results in lower germination percentages. Disturbed sites typically have less vegetation cover than undisturbed sites, and research has found greater seedling establishment from dyer’s woad on disturbed, compared to undisturbed sites. Research in Utah found that sites with a greater diversity of plant lifeforms (grasses, forbs and shrubs) and species generally were more resistant to seedling establishment of dyer’s woad, than sites with fewer lifeforms and species. 
A vulnerable life-stage of dyer’s woad is the rosette growth stage during the first year of growth. Demographic studies have shown high mortality (>70%) at this growth stage, apparently due to water stress. This suggests the potential for successful control of this weed if appropriate control methods are applied from just before the onset of water stress in dyer’s woad populations. The additive stresses of both the control action and water stress are likely to increase mortality rates above that from either process alone. 
Sprouting may occur from buds on the root crown if the rosette leaves are removed (e.g., cutting, heavy grazing, fire) when there is adequate soil moisture to support regrowth. Treatments should occur on young rosettes before the buds have developed or when soil moisture is insufficient to allow adequate regrowth for the plant to restore its leaves and increase energy reserves. Implementing treatments at these growth stages should help prevent the formation of buds on the root crown or limit energy storage so that the buds cannot survive the long dormant period from mid-summer through the following winter.  

Control Approaches
Non-chemical
Dyer’s woad reproduces entirely from seed; thus, control of the weed must focus on preventing seed production from existing plants, depleting the viable seed in the soil, and preventing viable seed from being transported to the site. Being a biennial plant, each dyer’s woad plant produces seed only once, and in the second growing season of its lifecycle. Plants may be killed in either year, but death in the second year must occur before the onset of seed production. Once seed production has started there may be adequate moisture in the stems, even when severed from the root system, for some seed to become fully developed.  
Mechanical control treatments (e.g., pulling, cutting, disking, etc.) can be effective but only when the root crown is severed from the tap root. Buds on the root crown can produce new leaves and reproductive stems if the crown remains attached to the tap root and there is sufficient soil moisture to support continued growth. The status of residual soil moisture for regrowth must always be considered when any mechanical treatment is applied. When adequate soil moisture for regrowth occurs the site may require more than one treatment application to achieve successful control. The potential for regrowth after a mechanical treatment strongly suggests that treated sites should always be visited at least once post-treatment. Site visits should occur two  to three weeks after treatment to retreat any plants that either escaped treatment or started to regrow. For crops that can be cultivated, cultivation in the spring typically kills seedlings. 
Single mowing treatments are seldom effective as a stand-alone treatment method. Regrowth will usually occur from buds on the root crown. Multiple mowing treatments to about a 2-inch stubble height can reduce root energy reserves used for regrowth and dramatically reduce seed production provided the last treatment occurs when there is little soil moisture left for plant regrowth. For plants in their second growing season, mowing treatments should occur after flower initiation but before any seed begins to develop. Once seed development occurs, it may continue even after reproductive stems are separated from the root crown. For first year plants, mowing/cutting of the young rosettes, especially repeated mowing/cutting, is likely to be a more effective control method than treating mature rosettes. Removal of the leaf material on young plants reduces root growth and development (especially penetration into the deep soil moisture pool), including the formation of the buds on the root crown. Without good access to the deep soil moisture pool and sufficient energy reserves (for bud formation and survival), first year plants are more likely to die from water stress or lack of formation of the perennial buds required for regrowth the following year (i.e., its second growing season). 
 Grazing with livestock generally does not control dyer’s woad. Dyer’s woad is not particularly palatable; thus, most livestock will select other more palatable forage plants, not the targeted dyer’s woad. Most likely, limited selection of dyer’s woad will only result in more dyer’s woad and less of the desired forage species. For grazing to successfully control dyer’s woad, it must be heavy and occur before the plant bolts, after which its palatability declines even further. To obtain heavy grazing from livestock, animal numbers must be large and their movement confined to the infested area. Most likely this grazing management strategy will also result in heavy use on desired residual forage species, the very plants one needs to replace the dyer’s woad. If the non-target, desired species are heavily grazed during their active growth period and not provided adequate time and resources (largely soil moisture) to recover, the result is more harm than benefit, which further degrades the site, leaving it even more susceptible to invasion by weedy species. For grazing management of dyer’s woad to be successful, the implementation strategy must prevent seed production of the dyer’s woad and enhance growth of the desired residual forage plants to fully occupy the site. 
The use of fire as a control tool for dyer’s woad has not been well studied but the probable outcome is little or no control. Fire will typically kill the rosette leaves, but move quick enough through the vegetation to allow most of the buds on the root crown (1 to 2 inches below the soil surface) to survive and regrow new leaves and stems. Most seed in the soil probably survives most fires. There has been no research to determine if controlled burns result in substantial seed mortality for seed pods still attached to the mother plant. Flaming of seedlings before they develop buds on the root crown should be effective since regrowth is not possible. As with all treatment options, potential adverse effects of flaming on desired residual species should be considered before application of this treatment method.
There are no effective insect controls for dyer’s woad at this time. A rust fungus is known to infect dyer’s woad, but appears to do little more harm than stunt plants and reduce seed production. Neither outcome will provide effective control in and of itself.  
Weed control and management programs for dyer’s woad 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 and diverse stand of desired perennial herbaceous (or crop) species provides the best opportunity to prevent a rapid, large scale establishment of dyer’s woad, particularly when it is combined with periodic scouting to find and eliminate the initial colonizers. 
Preventing seed from other locations becoming deposited in uninfested areas, and/or controlling the initial colonizers of a site before they produce their first seed typically results in the best weed control program for dyer’s woad. Once viable seed enters the soil, plants are likely to become established and produce additional seed if not quickly controlled. Any subsequent control program will last at least two to three years, and probably longer. Early detection of dyer’s woad and a rapid response to the first few plants provides the best opportunity to prevent large scale establishment and costly multi-year treatments. 
Chemical Control
The ultimate goal of herbicide control of dyer’s woad is to prevent seed production so the short-lived seedbank declines and approaches zero after several years. Plants may be controlled with either a pre-emergent treatment that focuses on germinating seed, or a post-emergent treatment that kills the leaves, stems, and buds on the root crown before the plant enters the seed production growth stage. Some herbicides are effective as both pre-emergent and post-emergent treatments, while others (e.g., 2,4-D) are effective only as post-emergent applications. There are at least four active ingredients labeled for application to dyer’s woad in Nevada (Table 1) and these ingredients are packaged into at least 16 potential products. Many of these products are pre-mixed packages that include one or more of the active ingredients shown in Table 1, and one or more additional active ingredients that often control many other weeds. Some of these other weeds often grow in conjunction with dyer’s woad. All of the active ingredients in Table 1 are selective herbicides, although the degree of selectivity toward perennial grasses and other plants may depend on the growth stage of the plant and the application rate. 
The herbicides in Table 1 possess varying degrees of soil residual activity, ranging from none to very long. Soil residual activity can be important for controlling seedlings that appear months to several years after an herbicide treatment. These herbicides can be very useful for dyer’s woad control projects on rangeland, pasture or non-crop areas, but less useful for areas planted to perennial legumes or annual crop species with poor tolerance of the chemical. 
The most effective herbicide control of dyer’s woad occurs from pre-emergent applications in the fall or very early post-emergence applications in the spring. For all postemergence applications, the applicator should ensure that there is enough soil moisture in the ground for the dyer’s woad plants to rapidly grow for several weeks post-treatment. Rapid growth allows the active ingredient to be moved (translocated) from the leaf surface to the plant’s growing points (meristematic tissues) at the base of the leaves, flowers or root crown.  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 poor translocation to the growing points (e.g., excessively cold, dry, wet or cloudy) are likely to be costly failures. 
Post-emergent applications should strongly consider any adverse effects to the desired residual plants growing on the site, especially the perennial bunchgrasses. Most mature perennial grass species are quite tolerant of the herbicides labeled for dyer’s woad, but some herbicides can be quite harsh on these same grasses when they are applied from initial green-up through development of the first three to five leaves on each tiller (but some even later). Loss of the desired perennial species from the herbicide treatment will require the site be reseeded, adding significant cost to the control effort. 
No single active ingredient listed in Table 1 is the best herbicide for all infestations of dyer’s woad. Every infestation has some unique biological or management 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 desired vegetation on the site (consider forbs and shrubs, not just grasses); 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 dyer’s woad when you have time to fit an herbicide treatment into your overall ranching or farming 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., the killing mechanism) when chemical treatments are needed for several consecutive years. The latter consideration reduces the risk of creating herbicide resistant biotypes of dyer’s woad.  
An important question of any herbicide treatment is, was I successful? Dyer’s woad reestablishes from seed each growing season. The seed may originate from the on-site seedbank or from seed transported to the treated area by wind, water, animals or human activity. An herbicide treatment of  dyer’s woad can be 100 percent effective the year of application, but successful long-term control of dyer’s woad may require several more years of completely successful treatment before all of the viable seed in the soil is eliminated. Following an initial treatment, land owners should always revisit the treated site for at least three or more years to ensure that new plants do not establish and produce seed. If seed is likely to move from another location to the treated area, the site should be revisited early each growing season to scout for new plants and appropriately treat any that are found. Seedlings allowed to grow and produce abundant seed will add years to the problem and substantial cost to future control efforts. Remember, one large productive plant can produce hundreds of viable seeds. If only a few young plants are present, try and remove them physically or 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. 
This article concludes the series about priority agricultural weeds in Nevada. Additional articles about different aspects of weed control will appear periodically during the next few years. If you have any feedback for the author or want an electronic copy of any or all of the articles in this series please contact Brad Schultz by email at schultzb@unr.edu or phone at 775-623-6304. Any comments (pro or con) related to this series or other weed management issues will be appreciated. 
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Table 1. The list below identifies the active ingredients and many of representative products known to control dyer’s woad in the landscape settings and crops for which the active ingredient is labeled. Most herbicides may require multiple applications (retreatment) to achieve high control levels due to the seedbank in the soil.  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. Most of those pre-mixed packages (products) are not listed in this table. A complete list of all active ingredients and products labeled to control dyer’s woad 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 dyer’s woad (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 LV Ester
	Many
	x
	x
	x
	x
	x
	x
	x
	
	x
	Yes
	No
	Pos-temergence in spring or fall to seedlings or rosettes. Largely ineffective when seed production begins

	Chlorsulfuron
	Telar XP
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Post-emergence to rapidly growing plants from seedling through rosette stage 

	Imazapic
	NuFarm
Plateau
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Pos-temergence to rosettes or bolting plants 

	Metsulfuron
	Escort XP 
Patriot
	
	
	
	
	x
	x
	x
	
	x
	Yes
	Yes
	Post-emergence to seedlings, rosettes and early flowering growth stages 

	Aminocyclopyrachlor and chlorsulfuron
	Perspective
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Pre-emergence or post-emergence from seedling to the mid-rosette stage

	


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


Growth
Stage

	Chlorsulfuron and metsulfuron methyl
	Chisum
Cimarron Plus
Cimarron X-tra
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Post-emergence to actively growing weeds ≤ 4 inches tall/wide

	Sulfometuron and chlorsulfuron
	Landmark XP
	x
	x
	
	
	[bookmark: _GoBack]
	
	
	
	
	Yes
	Yes
	Pre-emergence before moisture arrives 

	Sulfometuron methyl and metsulfuron methyl 
	Oust Extra
Spyder Extra
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Pre-emergence (generally best) or early postemergence to actively growing young weeds


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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