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Foxtail barley (Hordeum jubatum L.) is a native, short-lived, cool season, perennial bunchgrass that generally has lower forage value than other plants that can occupy the site. Numerous environmental settings are predisposed to the establishment of foxtail barley. These include disturbed areas, abandoned farm ground, roadsides, ditch banks, saturated depressions, seasonally wet basins, tail-water and wastewater ponds, sloughs and salt marshes, mismanaged pastures and meadows, and hay and grain fields. Another common setting throughout the Great Basin is exposed lakebeds after reservoirs are drawn down and remain low for several years or more. On these types of sites, foxtail barley may become the preferred species because less desired noxious weeds are the probable alternative (Figures 1a and 1b). Foxtail barley tends to thrive on sites that remain moist for long periods, have high water tables, and have saline or alkaline soil. In some settings, foxtail barley can develop a nearly complete monoculture. 
In the vegetative growth stage foxtail barley is very palatable. As the seed heads develop the palatability of foxtail barley rapidly declines, largely due to the abundance of awns, each of which has numerous fine barbs. The awns can easily become lodged in a grazing animal’s mouth, nose, eyes, or skin and lead to undesired animal health issues. The awns and associated barbs also facilitate widespread dispersal, from either the wind or attachment to an animal’s fur. Once the awns develop, livestock avoid foxtail barley and select other plants. Continuous and/or heavy grazing throughout the growing season, on pastures and rangelands infested with foxtail barley, tends to further increase its abundance. The more desired forage species are regularly consumed and the foxtail barley is largely unused and allowed to produce abundant seed. Regular, heavy defoliation of the desired forage plants permanently reduces their leaf area and root size, which decreases their ability to acquire sunlight, water and nutrients: the essential ingredients of plant growth. These critical ingredients for growth become readily available for the foxtail barley plants and the weed rapidly increases.  


Plant Biologya
b
Figures 1a and 1b. The lakebed at Chimney Dam Reservoir in Humboldt County Nevada the year the water was drawn down (Figure 1a) and several years afterward (Figure 1b).  When the lakebed was exposed in the spring of 2007, a dense population of perennial pepperweed seedlings established. The reddish brown feature in Figure 1a is the leaves of perennial pepperweed seedlings ten days after a herbicide treatment.  Treatment of the perennial pepperweed seedlings largely eliminated that weed and facilitated establishment of foxtail barley (Figure 1b). The lakebed goes through periodic cycles of exposure and inundation. This condition results in foxtail barley being the best adapted species to inhabit the lakebed when it is exposed. Additional information about the control of perennial pepperwed on this site can be found at the following website locations: http://www.nacaa.com/journal/index.php?jid=103 and http://www.nacaa.com/journal/index.php?jid=136
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Existing foxtail barley plants typically begin growth in April or May and set seed from late June to August. Cooler conditions tend to result in growth starting later in the spring and lasting longer into the summer months. Existing plants regrow from buds formed on the root crown the previous growing season. There are no buds on the roots; thus, any control technique that breaks long roots into smaller segments does not spread the plant. Control of foxtail barley requires eliminating existing plants and preventing seed germination and emergence for a period long enough to allow all viable seed in the soil to die. 
All new foxtail barley plants originate from seed, which typically germinates in the spring. Fall or early winter germination and emergence may occur if soil moisture and temperatures are adequate.  Foxtail barley seed does not require light to germinate and germination may reach its highest level when seed remains in dark conditions. Germination and emergence tend to increase when seed is buried from just under one-half inch to about three-quarters of an inch deep and soil moisture is at field capacity. Seed on the soil surface generally has lower germination and emergence, except in no-till and low-till settings. No-till conditions generally create a low or reduced light condition, compared to a tilled field, because a substantial amount of plant litter resides on the soil surface. This litter can reduce the amount of sunlight reaching seeds on the soil surface. 
Seed dispersed in the summer has high germination potential and almost all of the recently dispersed seed can germinate in August or September, if conditions are optimal. Current year seed that does not germinate can overwinter and germinate in the spring. Seed longevity generally is short. About 70 percent of the seed crop is viable after one year, but viability declines to less than one percent after three to four years, and approaches zero after seven years. Each mature plant of foxtail barley can produce nearly 200 seeds, so a large infestation of several thousand mature plants may result in hundreds or more viable seeds in the soil after three to four years of complete control. Management of foxtail barley, like all weeds, requires a very persistent effort. 
Management and Control 
A variety of techniques may control foxtail barley. These include: grazing, mowing, tillage, burning, changing drainage patterns, herbicide application, planting competitive vegetation, and improved management of forages and grain crops to increase competition from the desired species. No single approach works in every setting (e.g., cropland, hay ground, pasture, disturbed areas); thus, each infestation needs to be independently analyzed. Only after a careful assessment of the current infestation, including identification of the probable factors that resulted in the current situation, and a clear understanding of the short- and long-term management goals, can one accurately identify the most appropriate control and management techniques. Most likely, an integrated approach that uses a suite of techniques across time will result in the best long-term control of foxtail barley. 
Grazing and mowing may or may not suppress/eliminate seed production, which is needed for long-term control of foxtail barley. The probable outcome depends on several factors. On sites where foxtail barley has established a nearly complete monoculture of plants, continuous, season-long, heavy grazing can keep the plants in a largely vegetative (i.e., palatable) state. For those continuously grazed locations where the soils eventually dry, the grazed foxtail barley plants are unlikely to have enough moisture to continue growth and produce seed. After several years of heavy continuous grazing some foxtail barley plants probably would die, and others would have less leaf area and smaller root systems (i.e., are smaller plants) which would result in an increased amount of bareground. The management question becomes: is an increase in bareground a desired outcome? For locations where the soil’s salinity, alkalinity, or frequency of flooding largely precludes many desired forage grasses, foxtail barley may be the most desired species and maintaining high vegetative cover from foxtail barley probably is a management goal (Figures 1a and 1b). The loss or reduction of foxtail barley may actually facilitate the establishment of an even less desired species (e.g., perennial pepperweed). When the maintenance of foxtail barley on a specific site is a desired outcome, a corresponding management goal should be to reduce its potential spread via seeds to more productive pastures, meadows or cropland. If grazing or mowing are used to decrease foxtail barley, once the weed has reached manageable levels, management must change (and may include seeding) to facilitate an increase in the desired species so they can reduce the risk of foxtail barley reinvading the site. 
Single grazing or mowing events often have little effect on seed production from foxtail barley. On many infested sites the high water table facilitates rapid regrowth, and the shape (morphology) of the regrowth typically changes to a prostrate form, which is less accessible to subsequent mowing or grazing events. Limited research indicates that if mowing occurs, it should be within ten days of seed head emergence, otherwise the seed has developed enough to reach maturity. 
Changing drainage patterns and/or lowering the water table can reduce the abundance of foxtail barley. This management action, however, very expensive and usually must be accompanied by revegetation of the affected ground. Without revegetation, foxtail barley is likely to return quickly and become even more abundant, particularly on soils that are saline or alkaline. 
Fire may be useful in some situations. First, desired and productive plants must be able to fully occupy the site so that reinfestation can be prevented. Second, fire has the highest probability of being successful when it occurs in the spring when foxtail barley is actively growing. A successful spring burn requires a fairly continuous layer of dry, dead litter (fuel) to carry a fire and produce enough heat to kill the active growing points located on the root crown of each foxtail barley plant. Third, dormant foxtail barley plants are unlikely to be adversely affected by fire; thus, fire during their dormancy does not directly affect the plant. Dormant season fire, however, can remove plant litter, which could improve herbicide contact with green leaf material if an herbicide is applied shortly after growth begins. The effectiveness of most herbicides on foxtail barley is greatest the plant is in the early stages of vegetative growth. 
Three traits of Foxtail barley make the plant susceptible to tillage as a control treatment. First the root system is shallow and easily uprooted. Second, the roots do not have buds that can regrow and produce new plants. Third, seed germination is highest when seeds reside just beneath the soil surface. Tillage typically buries seeds too deep for them to germinate and/or for seedlings to emerge. 
Like all weeds, foxtail barley thrives best on sites where bareground is widespread. It reaches its highest density and cover on areas that have recently been disturbed or mismanaged, and have few established plants on the site. Foxtail barley has the added dimension of preferring sites with high salinity or alkalinity and frequent flooding. Pasture, rangeland, and other wildland settings are very resistant to large scale invasion from foxtail barley when their species composition includes highly competitive species growing at a high density and vigor. Competitive plants with large and deep root systems are likely to capture most of the resources needed for plant growth; thus, competitively excluding foxtail barley and other even less desired weeds. Research has identified several grasses that can compete well with foxtail barley. These are creeping foxtail (Alopecurus arundinaceus), tall fescue (Festuca arundinaceus), reed canarygrass (Phalaris arundinacea), and tall wheatgrass (Thinopyrum ponticum – syn: Agropyron elongatum or Elytrigia elongata). Each of these species (and their multiple varieties) has varying tolerances for salinity, flooding, drought, and herbicide treatment, and should be evaluated for potential use based upon site-specific situations, including the long-term intended use of the site and its susceptibility to weed invasion by any species. 
Table 1 lists the herbicides known to control foxtail barley, or suppress its seed head production, in a variety of crop (typically small grain), pasture, and non-crop settings. There are no selective herbicides that can readily remove foxtail barley from any crop, pasture or rangeland setting throughout the year. Herbicide selectivity, however, can be increased by using specific rates, at specific growth stages, and/or during specific times of the year. Desired perennial plants that are at least one year old generally have a much higher tolerance for many herbicides than do seedlings (of the same species), particularly seedlings only one to two months old. Foxtail barley is easier to kill in the early vegetative growth stages and is very tolerant of most herbicides after the seed heads have emerged. In part, increased tolerance is due to more herbicide landing on the awns and seed heads and not being transported to sites of action at the growing points at the base of the tillers or on the root crown. Herbicides that land on the young leaves are much more likely to be moved to the growing points on the root crown and base of the tillers. Before applying any herbicide, you should always read the product label and understand the fine points associated with that chemical.
Table 1. Active ingredients and representative products known to control or suppress foxtail barley. Not all representative products are listed. Some of the active ingredients listed also come in pre-mixed formulations with other products and those products are not listed in the table. A complete list of all active ingredients and products labeled to control foxtail barley 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 shown below does not reflect any preference or efficacy. 

	Active 
Ingredient
	Representative Products
	
Selective
	Soil
Residual
	Growth
Stage

	PyroxsulamS
	Powerflex
	In wheat, winter rye and winter triticale
	Short
	Post-emergence at the 2-leaf to 2-tiller growth stage and actively growing

	Metribuzin
	Sencor 4
	Mixed
	Yes, especially sandy soil
	Post-emergence when foxtail barley is less than 2 inches tall or 2 inches in diameter

	Active 
Ingredient
	Representative Products
	
Selective
	Soil
Residual
	Growth
Stage

	Pronamide
	Kerb
	Yes
	Yes
	Pre- and early post-emergence in the fall. Root uptake only

	Glyphosate
	Touchdown, Departure, Roundup and others
	No
	No
	Post-emergence at 4 to 6 inches tall

	Clethodim
	Select, Envoy and others
	Yes, for annual and perennial grasses
	No
	Post-emergence when foxtail barley is growing fast and 2 to 6 inches tall

	Imazapic
	Plateau
	Yes
	Yes
	Post-emergence when foxtail barley is growing fast

	Propoxycarbazone
	Canter R&P
Olympus
	Variable
	Yes
	Post-emergence from 2- leaf to 2-tiller growth stage

	Sulfometuron
	Oust
	Mixed, but perennial grasses usually safe
	Yes
	Pre- or post-emergence, just before or during the wet season when plants are germinating (pre) and growing rapidly (post)

	Hexazinone
	Velpar
	Mixed
	Yes
	Early post-emergence when foxtail barley is in the seedling stage 


S Provides suppression more than control. 

The next weed addressed in this series will be puncturevine, a warm season annual forb.

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.
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