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Nevada’s Priority Agricultural Weeds: Medusahead
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Originally Published in the Nevada Rancher and Progressive Rancher

Medusahead (Taeniatherum caput-mudusae L., Figure 1) is a non-native cool season annual grass originally found in the Mediterranean region of Europe and North Africa, and eastward into central Asia. This weed entered the United States in the 1880s, and was initially found in 1887 near Roseburg Oregon. Weed scientists speculate that the first seeds arrived as either a seed contaminant in cereal grains or attached to the fur of imported livestock. As many as seven distinct introductions have occurred, with each likely coming from a different region of the species native distribution.  
This weed is a late arrival to the Great Basin and Intermountain West, not appearing in Nevada until the early 1960s. Expansion across the west has continued at about 12% per year, and in the 17 western states over 2.7 million acres are infested, mostly in California, Oregon Washington, Idaho and Nevada. Medusahead has established populations in or near sagebrush plant communities in the northern one-third of Nevada, northeastern California, Southeastern Oregon and much of the Snake River region of southern and western Idaho. The foothill rangelands of California and south-central Oregon (I-5 corridor) also have serious infestations.  In Nevada large expanding populations (defined here as more than 1,000 acres) are known to occur in Washoe, Pershing, Humboldt, and Elko counties. Medusahead is primarily a weed of rangelands, pasture, seeps or low lying areas that receive sufficient run-on soil moisture to have at least 10-12 inches of effective moisture, and as much as 24 to inches. Figure 1. Seedheads of medusahead as they mature from still green to just before dissemination. Photo from University of California and Natural Resources at: http://ucanr.edu/blogs/UCDWeedScience//blogfiles/29971_original.jpg
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Populations have been found at elevations from near sea level to about 6,000 feet. There is an inclination for this weed initially become established on soils with high clay content; however, medusahead has been found on a wide variety of soils, including fine sandy loam and coarse soils. The latter are more common at sites with greater annual average precipitation or run-on moisture. New infestations can readily establish on disturbed ground. Medusahead tends to prefer sites that maintain slightly higher soil moisture content; thus, depressions, swales or areas with additional run-on moisture often are invaded first. 
At the state level, about 1.8 percent of agricultural producers in Nevada considered Medusahead a problematic weed in 2009, which ranks the plant as the 24th most problematic weed in Nevada. Humboldt and Pershing Counties were the only counties were at least five percent of the agricultural producers rated medusahead a problematic species. Among managers of public lands, 13.3 percent of survey respondents considered medusahead problematic. The rapid expansion of medusahead across northern Nevada, including isolated populations far from one-another, suggest this weed has the potential to expand quickly and far, and become a potential problem for many ranchers and farmers (and other land users). Several new large infestations have been identified since the 2009 survey of Nevada agricultural producers. Figure 2. Thick layer of thatch that develops following establishment of medusahead. Desired forage plants in the Great Basin cannot successfully germinate in this thick thatch layer and decline with time. Eventually they will be eliminated from the plant community. The thick thatch layer also provides a continuous fuel that facilitates frequent wildfires. Photo from UCANR at: http://ucanr.edu/blogs/UCDWeedScience/blogfiles/17043.jpg
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Medusahead creates management problems because the weed is highly competitive with more desired plants and it tends to form a thick layer of thatch (Figure 2). Both attributes displace other more desired vegetation. Forage quality for medusahead is low compared to perennial bunchgrasses (native and introduced), largely due to its high silica content (10% by weight). The plant also has barbed awns (Figure 1) which result in little or no selection by grazing animals one the seed has matured. Medusahead is highly flammable and shortens fire cycles resulting in the loss of sagebrush and other non-sprouting shrubs. Sprouting shrubs tend to increase with more frequent fire; thus, plant composition on many rangelands changes dramatically and wildlife habitat undergoes a significant decline in quality. 

Plant Biology
Medusahead is a winter or cool season annual that may germinate anytime from the early fall through the spring (i.e., the cool months) when soils are not frozen and soil moisture is great enough to result in moisture uptake by the seed. Fall germinants typically overwinter as small vegetative plants with only a few leaves present and resume growth when temperatures warm in the spring. Periodic warm spells in the winter, however, may permit additional root growth, which enhances medusahead’s ability to compete for moisture and space when rapid growth resumes in the spring. When the fall is dry the seed readily overwinters and germinates in the spring and typically has rapid growth until seed production occurs in the late spring or early summer. 
Medusahead plants tend to mature a couple weeks later than cheatgrass, the other annual grass common on Great Basin rangelands. This is likely the result of the larger root system that medusahead develops, which increases its ability to extract soil moisture longer into the growing season. Precipitation that occurs from mid to late spring tends to benefit medusahead more than cheatgrass and some early maturing perennial grasses (e.g., Sandberg bluegrass). Medusahead also appears to survive infrequent precipitation events better than cheatgrass or ventenata, another invasive annual grass in eastern Oregon and southern Idaho, but not yet reported in Nevada.  
All reproduction of medusahead occurs from seed and dense infestations can have over 1,000 plants per square foot. Seed production per plant is highly variable, but can result in 5,500 to 6,000 seeds per square foot of soil surface (243 to 261 million seeds per acre). Most seed has little or no dormancy at dispersal and will germinate the first growing season. A small portion of the dispersed seed can survive one to two years in the soil, with only a very small cohort surviving three years. Seed dispersal begins shortly after seedheads mature and can continue into the fall. Most seed falls close to the mother plant with the vast majority of seed falling within 6 to 7 feet of the invasion front. Numbers, however, can be misleading. If only one-tenth of one percent of 261 million viable seeds fall seven feet or more from the edge of a medusahead population, the number of potential viable seeds at least seven feet from the existing population is 261,000. 
Long distance transport of seed can occur from wind and water, and a suite of human activities that transport contaminated soil (fill dirt, mud on vehicles or clothes, etc.) and/or seedheads short and long distances. Both wild and domestic animals can move seed from infested to uninfested sites. Medusahead seed has small barbs that facilitate attachment to the fur of all animals. Granivorous birds generally do not select medusahead for feed if other seeds are available. Any seed ingested by birds is largely indigestible and can be transported a long distance before being excreted and potentially germinating. Wind dispersal following a fire that removes all of the vegetation across large acreages may result in fairly long distance transport of seedheads. Seedheads from nearby unburned vegetation may roll a long distance before they become lodged in cracks in the soil or are intercepted by unburned vegetation. 
Laboratory studies have found excellent seed germination within the temperature range of 67 to 77°F. Field studies have found substantial germination at temperatures between 50 and 59°F when the seed is covered by abundant soil litter (thatch), which modifies (decreases variability) soil moisture and humidity around the seeds. Research has found a strong positive link between the accumulation of litter and thatch and the persistence and abundance of medusahead. Seedling establishment of medusahead can be as much as 47 times greater under litter than on bare-ground. Medusahead seed readily germinates within the thatch layer. The first root initially grows downward through the thatch and into the soil, and only then does the plant develop leaves for photosynthesis and subsequent growth. The thick thatch layer not only promotes germination of medusahead but also retards germination and/or survival of the seed from desired perennial grasses, which facilitates continued degradation of the site. 
Control Approaches
Non-chemical
Because medusahead only reproduces from seed, control of this weed requires three general strategies: 1) preventing seed production; 2) depleting the soil seedbank over at least two to three years, and perhaps longer; and 3) preventing movement of viable seed back onto the site from other infestations. These strategies need to occur without adversely affecting remnant populations of desired species on the site. A vigorous stand of perennial grasses (or other desired species on cropland) must establish and effectively reduce the number of germination “safe sites” in the soil so that medusahead, or some other weed, does not reoccupy the site. “Safe sites” are minute locations in the soil that provide the best microenvironment for a seed to germinate and for the seedlings to establish. If desired species are not present on a treated site they must be seeded and subsequently managed to allow establishment and maintenance of a dense vigorous population. 
Mechanical tillage methods can effectively control medusahead if the tillage is properly timed to prevent seed production, and the treatments continue across a long enough period to deplete the soil seedbank. The specific method used will depend on the size of the infestation and the terrain and topography of the area infested. Some tools and methods are much less useful on sites that are steep, rocky and/or have shallow soils. New and/or small patches of medusahead can be effectively addressed by hand removal (pulling, digging, hoeing, etc.), as can old infestations that have been treated for several or more years and have only a few plants or viable seed left on the site. Tillage treatments should try to sever the roots from the root crown to reduce regrowth potential after the treatment. Repeated tillage just before seed set can deplete the seedbank dramatically in a few years and also can help reduce the thickness and continuity of the litter and thatch layer, effectively reducing the germination rate of the remaining medusahead seed. Thatch removal can also improve the success of subsequent herbicide treatments with a preemergent, soil activated chemical. These types of herbicides can easily move into the soil when applied directly to the soil, but a significant portion of the chemical may never reach the soil if it must move through the thatch layer first.  
When topography and soil conditions permit, mowing can effectively control medusahead. Mowing treatments work best when applied at late maturity stages but before viable seed has been produced. Mowing too early in the season often allows the plants to regrow because of good soil moisture levels. These plants will eventually produce seed. Also, new tillers can emerge from basal buds on the root crown or from the base of existing tillers. Clipping studies have found that cutting medusahead plants in the timeframe between the emergence of the awns and emergence of the anthers, virtually eliminates seed production. This period is often brief and the timeframe may conflict with other ranch/farm operations. Obviously, properly planning a mowing/cutting treatment requires operational flexibility for successful treatment to occur. Depending on the amount of regrowth by medusahead following a mowing event, multiple treatments in a growing season may be warranted. 
If desired perennial grasses inhabit an infested site, mowing treatments that overlap the stages of plant growth (for the perennial grasses) from the boot stage through early seed head emergence is likely to result in less carbohydrate production and a decline in the plant’s stored energy reserves. Large stored energy reserves are what keep the perennial grasses alive during summer and winter dormancy, and also initiate growth the following growing season. Thus, mowing the perennial species along with the medusahead, can result in a decline in vigor for the very species you may need to fully occupy the site post-treatment. This possible outcome must always be weighed against the potential success of the mowing treatment toward medusahead. 
Medusahead is considered an unpalatable plant for livestock and livestock generally do not select for it when other forage plants are available. The early vegetative growth stages are nutritious, but usually short-lived. Furthermore, medusahead accumulates silica as it matures, and the seed’s awns and associated barbs can injure the mouth and tongue of livestock. If grazing is used to try and control medusahead two key concepts should be adhered to: 1) the need to reduce medusahead’s seed production (potential new plants) and thatch accumulation (best seed germination environment); and 2) don’t harm the desired perennial species on the site that must increase and fully occupy the area to reduce the risk of medusahead (or another weed) once again becoming the dominant species. In California, on the lower elevation annual grass rangelands high intensity, short-duration grazing when medusahead stems are elongating, but before the seed enters the milk stage, has proven successful. This grazing strategy, however, becomes increasingly difficult to successfully implement as the size of an infestation increases. Also, late spring rainfall can allow grazed plants to regrow which can effectively preclude success from a grazing treatment. 
Livestock grazing typically works best as part of an integrated management program to help reduce the thatch layer and increase the effectiveness of other follow-up treatments. Conversely grazing may be an effective follow-up treatment to a fire (wild or controlled) or herbicide treatment that eliminates much of the seedbank and the subsequent medusahead population is small and easily accessible to the livestock at the right growth stage.  
Fire may be useful to control medusahead in some situations but not others. Seed on or just beneath the soil surface, or even in the thatch, is usually not killed by prescribed or wildland fire. The temperature is not hot enough, long enough, for seed mortality to occur. Fires that occur when most of the seed is still attached to the plant typically results in high seed mortality. In the Great Basin this time-frame often coincides with the presence of green and growing perennial grasses. Burning perennial grasses when they are growing typically damages or kills those plants. The benefits of any burning treatment should be weighed against potential adverse effects toward desired vegetation on the site. Burning treatments that will harm the desired residual species should be avoided unless the site can be successfully reseeded with species that exclude medusahead (and other weeds) and provide a plant community that meets management goals and objectives. 
For areas with little or no desired residual vegetation, burning can remove the thatch and litter layer, and create a better seedbed for subsequent reseeding after the fire. The use of fire after the perennial grasses have become dormant is unlikely to hurt them and removal of the thatch can reduce medusahead germination the next growing season, and/or improve the efficacy of a pre-emergent soil active herbicide: more of the chemical will move into the soil and come in contact with the medusahead roots. If desired non-sprouting shrubs are present on the infested site and the goal is to maintain them, then fire is not a viable option. Direct flaming with a hand-held torch is unlikely to kill seeds on mature plants (too short period of heat applied) but can desiccate and easily kill seedlings and young vegetative plants. This tool is most easily applied to small infestations that occur in areas where an escaped fire is unlikely to occur and spread across large areas.  
There are no insects labeled for biocontrol of medusahead. Research has been ongoing about soil borne pathogens as potential control agents. The rhizobacteria Pseudomonas flourescens (strain D7 or ACK55) has been tested extensively on research plots and shows promise for controlling medusahead, but is not yet commercially available, nor has it been well tested at large scales or across the wide variety of management situations that exist. This pathogen should be closely watched for potential use but is not readily available at this time.
Chemical Control
The ultimate goal of herbicide control of medusahead is to prevent seed production so the seedbank declines and approaches zero after several years. Plants may be controlled with either a preemergent herbicide that works on germinating seed, or a postemergent chemical that kills the leaves, stems, roots and buds of the vegetative plant prior to it becoming reproductive. There are at least six active ingredients labeled for application to medusahead in Nevada (Table 1) and these ingredients are packaged into at least 59 potential products. 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 these often grow in conjunction with medusahead. Most of the active ingredients in Table 1 are selective herbicides, although the degree of selectivity toward perennial grasses often depends on the growth stage of the grass and the application rate. Collectively these herbicides possess varying degrees of soil residual activity 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 medusahead control projects on rangeland, pasture or non-crop areas, but less useful for areas planted to annual crop species. This reflects the infrequent presence of medusahead in most agronomic fields, although establishment on field boarders that remain consistently wet to damp is possible and may become more common as the weed spreads across Nevada.   
The best herbicide control of medusahead occurs from premergent applications in the fall or very early postemergence applications in the spring. For all postemergence applications, the applicator should ensure that there is enough soil moisture in the ground for the medusahead plants to have several weeks of rapid growth, after the application. Rapid growth allows the active ingredient to be moved (translocated) from the leaf surface to the plant’s growing points (meristematic tissues) that produce new leaves, 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 poor translocation to the growing points (e.g., excessively cold, dry, wet or cloudy) are likely to be costly failures. 
Postemergence applications should strongly consider any adverse effects to the desired plants, and especially the perennial bunch grasses, that occupy the site. Many perennial grass species are quite susceptible to herbicides labeled for medusahead from when the perennials are greening up through development of their first 3 to 5 leaves on each tiller (but some even later). As a group they are very tolerant of the herbicides in Table 1 at later growth stages and when dormant. Loss of the desired perennial species from the herbicide treatment will require the site be reseeded, adding significant cost to the control effort. Recent research has found that low rates of glyphosate (4.5 to 6 ounces of acid equivalent) applied at medusahead’s tillering growth stage have been quite effective at controlling medusahead with little or no effects on the desired perennial grasses and shrubs. 
No single active ingredient listed in Table 1 is the best herbicide for all infestations of medusahead. 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 medusahead 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., killing mechanism) when chemical treatments are needed for several consecutive years. The latter consideration reduces the risk of creating herbicide resistant biotypes of medusahead.  
An important question of any herbicide treatment is, was I successful? Medusahead reestablishes from seed each growing season. This seed may be from the seedbank on-site or from seed transported to the treated area by wind, water, animals or human activity. An herbicide treatment of medusahead can be 100 percent effective the year it is applied, but successful long-term control of medusahead may require several more years of completely successful treatment before all of the viable seed in the soil is eliminated. You should always revisit treated sites for at least three or more years to ensure that new plants do not establish and produce seed. If seed is likely to move on to the treated area from another infestation then the area should be revisited early in each growing season to scout for new plants and appropriately treated if any are found. Seedlings left to 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. 
Weed control and management programs for medusahead 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 medusahead, 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 two to three years, and probably longer. Early detection of medusahead and a rapid response to the first few plants provides the best opportunity to prevent large scale establishment and costly, multi-year treatments. 
The last weed addressed in this series will be Dyers Woad (Isatis tincoria), an introduced forb that grow as an annual, biennial or short-lived perennial in crop or wildland settings. 
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Table 1. The list below identifies the active ingredients and many of representative products known to control medusahead 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 medusahead 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 medusahead (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

	Aminopyralid
	Milestone
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Late summer to early fall before any germination of medusahead seed In fall 

	Glyphosate
	Accord, Roundup and many others
	x
	x
	x
	
	x
	x
	x
	x
	x
	No
	No
	Postemergence after all germination occurs and before heading. Any additional germination after initial treatment will require retreatment of site 

	Imazapic
	Plateau
NuFarm
	x
	x
	
	
	
	
	
	
	
	Mixed. Can harm some bunchgrasses at greenup
	Yes
	Preemergence or postemergence to plants ≤ 2 inches tall

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

	Rimsulfuron
	Matrix, Solida
	x
	x
	
	
	
	x
	
	
	
	Yes
	Yes
	Preemergence (typically best control) with soil incorporation by rainfall or very early postemergence to actively growing weeds

	Sulfometuron
	Oust, Spyder
	x
	x
	
	
	
	
	
	
	
	Mixed but perennial grasses are usually safe
	Yes
	Preemergence to early postemergence to actively growing weeds. 

	Sulfometuron and Chlorsulfuron
	Landmark XP
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence (generally best) or early postemergence to actively growing young weeds

	Metsulfuron methyl and sulfometuron methyl
	Spyder Extra
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence (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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