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Nevada’s Priority Agricultural Weeds: Leafy Spurge
Submitted By: Brad Schultz, Extension Educator, 
University of Nevada Cooperative Extension, Winnemucca, Nevada
Originally published in the Nevada Rancher and Progressive Rancher 

Leafy spurge (Euphorbia esula) is a long-lived perennial forb that is native to Eurasia. It was first observed in the United States in 1827, and currently grows throughout the 11 western States and much of the area north of a line from Oklahoma to North Carolina. Leafy spurge also occurs in all of the southern Canadian provinces and as far north as the Yukon. In Nevada, leafy spurge has widespread populations across much of the state and was identified as a problematic agricultural weed in all counties except Churchill, Douglas and White Pine. For the remaining counties, leafy spurge was ranked problematic by at least 15% of the agricultural producers in Elko (29.2%) and Humboldt (17.9%) counties and between 5% and 15% of agricultural producers in the other counties. Just over 24% of weed managers for public lands considered leafy spurge problematic on areas they administer. In the 25 years from 1979 to 2005, the amount of land nation-wide that is occupied by leafy spurge has expanded from 2.5 million to 4.6 million acres.  
Leafy spurge inhabits a wide variety of habitats, including waste areas, disturbed sites, roadsides, abandoned fields, pastures, rangeland,  riparian areas and woodlands. Disturbed areas are readily invaded because there are few desired plants to capture the resources (nutrients, water and sunlight) needed for plant growth, and invasion occurs whether or not the disturbance is the result of human activities. Recently flooded riparian areas with abundant bareground are particularly susceptible to leafy spurge becoming established from root fragments. Root segments typically have many buds that can form new plants and these fragments are often buried at shallow depths following a flood. Once leafy spurge plants become established they can survive flooded soils for as long as 4 to 5 as long as some of the shoots remain above the water surface.
Once established, leafy spurge typically forms dense patches that expand laterally year after year (Figure 1). Weed density increases dramatically and competition from leafy spurge may exclude desired forage species for livestock and/or plants important for wildlife. Across the nation, annual economic losses from leafy spurge are estimated at $130 million per year. 
Plant Biology
Leafy spurge is an upright perennial forb that typically grows 8 to 36 inches tall. Lateral branches spread from the main stem(s) and produce many leaves. Most stems will be capped by flowers that typically reside above the leaves and can intercept an applied herbicide when the application angle is from directly above the plant. When the stems are broken they ooze a white milky fluid with a latex texture. A steady flow of this latex like sap indicates that the plant has a high photosynthetic rate,  and is producing and moving them to the roots. This suggests that systemic herbicides can be easily moved from the leaves to  the root system.  Weak flow of the white sap from mid-summer onward through the fall indicates poor movement of carbohydrates to the roots and decreased potential for transport of systemic herbicides to growing points (buds) on the root crown and root system. Figure 1. Leafy spurge plants in full flower in Paradise  Valley, Nevada. The plants are scattered in clonal patches that are expanding laterally each year. Photo by Brad Schultz, UNCE. 
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First-year plants do not develop seed, but plants at least one-year old develop viable seed about 30 days after pollination. Seed is produced in capsules that burst upon maturity, projecting the seed (i.e., potential plants) up to 16 feet from the mother plant. Seed production can range from about 140 to over 420 seeds per flowering stem, which equates to as much as 4,000 pounds per acre (74 to over 744 seeds per square foot). Dispersal can be much further when the seed encounters flowing water; is encased in mud that becomes attached to animals, boots, clothing, vehicles or farm equipment; is part of contaminated crop; or resides in fill dirt moved from an infested sites to another location. 
Sheep, goats, deer, and a suite of birds consume the seed of leafy spurge and for almost all species about 10 percent or more of the excreted seed remains viable. The exception is adult mourning doves which have almost no intact seeds in their feces. For mammals, seed generally passed in about 4 to 5 days and in birds from 2 to 4 days; thus, viable seed can be transported long distances in those relatively short timeframes. For comparative purposes, only about of dry-stored seed germinates after five years. The longest recorded viability is 13 years for seed stored at room temperature in metal containers.  Most germination occurs in the first two years after dispersal.
Leafy spurge seeds can float long distances and survive underwater storage. For seed submerged 3 to 6 months, about 22 percent of can germinate, while 11 percent can germinate after 24 months of continuous submergence. A very small proportion (<1 percent) can still germinate after 60 months of submergence. When seed density is over 400 per square yard that suggests there may be 1 to 4 viable seeds on that square yard after five years of continuous submergence.  
Buried seed retains high viability and germination, and its viability increases with depth of burial. After 3 years, seed buried 4 and 8 inches deep had 43 and 64 percent viability, while seed buried 1 and 2 inches deep had 12 and 18 percent viability, respectively.  Shallow buried seed has the best germination rate, with the optimal depth zone for germination and emergence being just below the soil surface to 2 inches deep. Seed is not known to germinate from depths greater than 6 inches, but it will retain high viability for at least 4 years. Deeply buried seed is a source of future leafy spurge plants when a management action brings those seeds into the optimal germination zone. Clay soils tend to have better seed germination and seedling emergence than course soils.
Soluble carbohydrate concentrations in the roots (i.e., energy reserves for regrowth) typically are is lowest in the early spring and reach their maximum level from mid-summer to early fall (Figure 2). Carbohydrate reserves begin to accumulate after flowering which typically occurs from late May into July. New root buds generally develop in from late summer into the fall, which suggests substantial carbohydrate translocation to the roots at that time. The duration of carbohydrate flow to the roots after flowering ultimately depends on soil moisture levels. In a dry year carbohydrate movement may occur for a relatively short period in mid to perhaps late summer, while in a wet year, or on damper landscape locations (e.g., riparian areas), translocation to the roots may continue well in to September or later. Figure 2. The annual change in stored energy reserves (non-structural carbohydrates) of leafy spurge roots. The translocation of carbohydrates, hence herbicides, to the roots typically is greatest in the post-flowering growth stage.  On the x-axis, 1 = January. From: Mitchell et al. 2007. A physiological basis for controlling leafy spurge on Nebraska Rangeland. Applying herbicides at the appropriate physiological stage is an important consideration to effectively control leafy spurge. Rangelands. 29(6):12-14.



Leafy spurge’s root system is large, both spatially and by total biomass. Root depth may reach over 25 feet on deep soils, with a lateral spread of at least 15 feet. The annual lateral spread may reach 11 feet. Reproduction occurs from buds located on almost all of the roots. Most new shoots come from buds located in the upper 1 foot of the soil, but new shoots have been produced from buds which originated 10 feet deep. Research has found that buds buried three feet deep can produce new shoots, but it may take about one-year for the shoots to emerge. Seedlings can develop root buds (i.e., become perennial) within a week of emergence and plants as young as 15 days old can have 5 or more root buds. Sixty percent of root fragments 0.5- inch long can develop into new plants. A 2-inch long root segment can develop stems 10 inches tall, with vertical and horizontal roots 43 inches and 12 inches long, respectively, in only 3 months. Soil texture also influences root development. For fine textured soils, more horizontal (lateral) roots tend to concentrate at shallower depth (surface 6 inches), but in coarse soils the roots are more dispersed throughout the surface 30 inches of depth. 
Control Approaches
Non-chemical
Mowing or other mechanical treatments that remove only the stems are largely ineffective: the treated plants always regrow from the root buds. For mechanical treatments to be effective the treatments have to occur on a regular basis every 2 to 4 weeks, across several years, or longer. Repeated, regular treatments prevent seed production and slowly deplete the energy reserves in the roots.  Mowing, however, can improve the uniformity of the regrowth canopy, which may improve herbicide effectiveness. Multiple cultivations to at least 4-inches deep can reduce infestations, especially if the soil is dry and air temperatures warm. Root fragments left on or near the soil surface for several warm and dry dehydrate to low moisture levels (<13%) which typically results in high mortality (>80%). Regrowth from buds on the deeper roots will use more stored carbohydrates, which depletes plant energy reserves. This should improve the effectiveness of subsequent herbicide applications, provided they occur before the plant has time to rebuild its energy reserves and there is enough soil moisture and warm enough temperatures to facilitate high photosynthesis and carbohydrate movement to the roots. 
Fire is not an effective control method of mature plants. The roots and associated buds survive all fires and rapidly resprout. Burning, however, may remove old (or other) growth that could intercept an herbicide, potentially improving herbicide treatments to subsequent regrowth.  The effect of fire on seed survival is variable: germination rates decline after some fires but increase after others. The outcome, in part, probably depends on the amount of fuel present, which influences the duration and intensity of the heat load. Fire that harms the residual perennial grass community is likely to increase the spread or density of leafy spurge.
Grazing has limited effectiveness for controlling leafy spurge. The plant is toxic to cattle and horses, but sheep and goats readily consume leafy spurge.  Sheep and goat grazing will not eradicate leafy spurge but can control seed production, help decrease stored energy reserves, and increase the abundance of desired grasses. Spurge infestations should be grazed intensively before seed production and until the livestock begin to switch their forage selection to the more desired grasses. Re-graze the leafy spurge regrowth to prevent seed production, while also reducing plant energy reserves. A grazing treatment should not occur for so long that it adversely affects the desired plants because they are needed to occupy the site after the spurge is controlled. If the growth of desired plants (especially perennial grasses on wildlands) is not encouraged the site will be left susceptible for reinfestation by either the existing weeds or some other undesired species.  Goats tend to prefer forbs over grasses; thus, they probably can remain on a grazed site longer than sheep without hurting the desired grass species. 
Maintaining a vigorous dense stand of desired perennial grasses on rangeland and pasture, and the desired crop species on planted fields, is the best approach to reducing the risk of leafy spurge becoming established. Minimizing the amount of bareground or sparsely vegetated areas reduces the number of sites where optimal germination and establishment can occur. On sites where bare ground is desired or the vegetation is thin, the area should be checked regularly for seedlings so they can be controlled before they develop their first buds (these are the easiest plants to kill), or the young plants develop a long-lived seedbank and a large expansive root system that is hard to kill. 
Fifteen insect species have been approved for release to help control leafy spurge, with the best success occurring the in the northern Great Plains. Five flea beetle species: Aphthona cyparissiae, A. czwalinae, A. flava, A. lacertosa, and A. nigriscutis have provided the best control. As of 2004, flea beetle populations were established throughout most of the western United States and northern Great Plains. Flea beetles do not eradicate leafy spurge but can reduce its abundance and decrease its negative impacts. The successful establishment of flea beetle populations requires understanding their habitat requirements, which are often reflected by differences in stem density, soils, and climate. Generally, the best flea beetle release sites occur on south-facing, sunny slopes with dry, loamy soils; however, there are differences among the beetle species. Recommended release dates are from mid-June to mid-July, and establishment improves with increased abundance of flea beetles released. Research has found that releases should disperse at least 1,000 beetles per drop point. For a more complete review of biocontrol of leafy spurge see: http://www.fs.fed.us/database/feis/plants/forb/eupesu/all.html

Chemical Control
There are 13 active ingredients and about 109 products labeled in Nevada for application to leafy spurge (Table 1). There is at least one active ingredient labeled for each of Nevada’s major crop, wildland, and non-crop environments. Seldom, if ever, will any of the labeled active ingredients result in a complete kill of mature leafy spurge with one application. Multiple treatments are usually necessary and almost always a few plants are likely to emerge from the large root system or from viable seed in the soil. Some level of treatment will have to occur as long as viable seed inhabits the site. 
The comparatively small leaf area, compared to the massive root biomass, makes it very difficult to have sufficient herbicide uptake through the leaves and subsequent movement throughout all of the roots, to effectively kill all of the buds on the roots. Herbicide treatments typically kill the top-growth, and some to many of the root buds, but regrowth usually occurs from a few buds that almost always survive the treatment. One-time herbicide treatments are most effective when seedlings are the only age-class present, but such treatments should very shortly after seedling emergence because one-week old plants can develop root buds, and two-week old plants can have multiple root buds. Well timed initial herbicide treatments, however, should result in successful follow-up treatments to the regrowth, that require less time and chemical than the initial treatment. 
Some of labeled active ingredients only provide suppression, which results in excellent control of the top-growth, but much less and perhaps no effect on the root system. Suppression, however, may be an appropriate management strategy in some weed control situations. A properly applied herbicide that only provides suppression will prevent seed production and should result in some decline stored energy reserves. Repeated application with the initial, or preferably some other active ingredient (to prevent selecting for herbicide resilience), can eventually result in high mortality of leafy spurge  provided retreatment occurs before the regrowth restores energy reserves or produces viable seed.  
The movement of a foliar applied herbicide from the leaves to the large root system largely follows the movement of carbohydrates from the leaves to the rest of the plant. Leafy spurge plants typically have their lowest carbohydrate reserves during the flowering growth stage. The plants typically translocate more carbohydrates to the roots (and continue to build energy reserves) from the post-flowering period through the fall until the first hard freeze. This is the best time to apply a systemic foliar herbicide because: 1) the leaf area is large which increases the potential for maximum herbicide uptake; 2) there is more movement of the active ingredient deep into the weed’s root system, potentially affecting buds furthest from the leaves;  and 3) complete kill of the top growth is possible and would coincide with low amounts of stored energy reserves for regrowth (if application occurred soon after peak flowering). Subsequent regrowth would further decrease stored energy reserves, which should improve the effectiveness of any follow-up herbicide treatment on the regrowth. An important caveat in the Great Basin is to ensure there is enough soil moisture to permit high rates of photosynthesis at the time of application and for at least several weeks after the herbicide treatment. On landscape positions where leafy spurges roots can tap the shallow groundwater, active growth is likely to occur until the first hard freeze. On drier sites, photosynthesis may slow down or stop completely much earlier in the summer; thus, the optimum time for an herbicide treatment would be shortly after the end of flowering growth stage. Herbicide treatments applied during the pre-bud (vegetative) through flowering growth stage often have excellent top-kill but typically are followed by rapid regrowth from buds on the roots 4 to 6 weeks later.  
No single active ingredient is the best chemical for all infestations of leafy spurge. Every situation is unique and herbicide selection should be based on site-specific conditions. Some factors to consider are: 1) do you need an herbicide that is selective and will not adversely affect any desired residual species that occupy the site; 2) are your short- and mid-term management objectives compatible with a chemical that leaves a residual amount of the active ingredient in the soil; 3) what will be leafy spurge’s growth stage(s) when you have the time to fit an herbicide treatment into your overall farming or ranching operation; and 4) can you make the commitment to any required follow-up treatments to achieve excellent control. Some chemicals will result in less long-term control than the other active ingredients, and treated leafy spurge populations will require extensive follow-up applications. Most, and perhaps all, weed control and management programs for leafy spurge should use an integrated approach that applies two or more methods of weed control across time. Very seldom does a single approach work, year after year. 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 the rapid large scale establishment of leafy spurge, particularly when combined with periodic scouting to find the initial colonizers and eliminate them before they develop large root systems. Early detection of leafy spurge and a rapid response to the first few plants that appear provides the best opportunity to prevent large scale establishment and costly multi-year treatments, particularly when the first few plants can create seedbank that will persist at least 5 to 8 years.  
An important question of any herbicide treatment is, was I successful? Your level of success cannot be determined until at least (and perhaps later) than the middle of the first growing season after your initial treatment(s) is applied. Leafy spurge shoots can take a year to reappear when the surviving buds are at least 3 feet deep. The effectiveness of an herbicide treatment on any weed that has root buds on deep roots should not be judged early in the following growing season.  Buds on the deepest roots can survive long periods without input of new carbohydrates and still draw on large energy reserves to produce growth.  
The next weed addressed in this series will be curlycup gumweed spurge (Grindelia squarrosa) an herbaceous forb that develops new semi-woody stems each year, and may act as an annual, biennial or short-lived perennial, depending upon the specific growing conditions.  
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Table 1. The list below identifies the active ingredients and many of representative products known to control leafy spurge 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 leafy spurge. 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 leafy spurge 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 leafy spurge (generally means no seed production). Herbicides used primarily for suppression of mature plants are marked with an *.
	


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


Growth
Stage

	2,4-D
	Many
	x
	x
	x
	x
	x
	x
	x
	
	x
	Yes
	No
	Postemergence at flowering or to fall regrowth  

	Aminocyclopyrachlor
	Method 50 SG 
	x
	x
	
	x
	
	
	
	
	
	Yes
	Yes
	Postemergence but before flowering or fall rosettes  

	Dicamba
	Banvel, Sterling Blue Herbicide
	x
	x
	x
	
	x
	x
	
	
	
	Yes
	Yes
	Postemergence to actively growing plants before a killing frost 

	Dichlobenil
	Barrier
Casoron 4G
	
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Preemergence with soil incorporation. Controls seedlings better than mature plants 

	Fluroxypyr*
	Starane Ultra, Vista
	x
	x
	
	
	x
	x
	
	
	
	Yes
	Yes
	Postemergence when plants are small and actively growing for suppression of mature plants 

	Fosamine ammonium salt
	Krenite S
	
	x
	
	
	
	
	
	
	
	Yes
	None to very short
	Postemergence after plants begin to bloom
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Active
Ingredient
	
Representative Products
	Range and Pasture
	Non-Crop
	Fallow
	Bare-ground
	Small Grains
	Corn
	Alfalfa
	Mint
	Potatoes
	Selective
	Soil Residual
	


Growth
Stage

	Glufosinate-ammonium
	Reckon 280 SL, Rely 280
	
	x
	
	
	
	x
	
	
	
	No
	None to very short
	Postemergence to actively growing plants 

	Glyphosate*
	Accord, Roundup and many others
	x
	x
	x
	
	x
	x
	x
	x
	x
	No
	No
	Postemergence to unstressed plants after reaching bud formation or in fall. Mowed plants > 12 inches tall 

	Imazapic
	NuFarm
Plateau
	x
	x
	
	
	
	
	
	
	
	Yes
	Yes
	Postemergence in  late summer or fall before killing frost, with good soil moisture and milky sap flow occurs when stems are broken high

	Picloram
	Tordon 22K
Trooper
	x
	x
	x
	
	
	
	
	
	
	Yes
	Yes
	Postemergence at true flower stage (best) or to fall regrowth before killing frost

	Pyraflufen ethyl*
	Edict 2SC, Vida, ET Herbicide
	x
	x
	x
	
	x
	x
	
	
	x
	Yes
	No
	Postemergence to seedlings ≤ 4 inches tall or rosettes ≤ 3 inches in diameter. Top kill only on mature plants

	Quinclorac
	Paramount
	
	x
	x
	
	x
	
	
	
	
	Yes
	Yes
	Postemergence in spring at yellow bract (prebloom) or in fall before first killing frost

	Saflufenacil*
	Detail, Sharpen

	x
	x
	x
	x
	x
	x
	
	
	
	Yes
	At higher rates
	Postemergence at yellow bract stage (typically pre-bloom period in late spring/early summer) when tank-mixed with imazapic


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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