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Russian thistle is a generic name used to address two species: Salsola tragus (Russian thistle) and Salsola paulsenii (Barbwire Russian thistle). Russian thistle grows in every state except Florida and barbwire Russian-thistle is confined to Arizona, California, Colorado, Nevada, New Mexico, Oregon and Utah. For this article, Russian thistle collectively refers to both species. 
Russian thistle is a warm season (summer) annual forb that initially was introduced to South Dakota form Eurasia in 1873, as a contaminant in flax seed. These plants generally inhabit disturbed ground, vacant lots, waste areas, fence lines, roadsides, abandoned agricultural fields, post-harvest grain fields and plant communities that have been disturbed and experienced a reduction in the density and/or abundance of deep-rooted perennial plants. Russian thistle grows best on loose or sandy soil, and tolerates alkaline and very arid conditions quite well. 
Plant Biology
As an annual plant, Russian thistle has no growing points below the ground surface; therefore, there are no buds on the roots that must be eliminated to control an existing plant. Flowers can develop as quickly as four weeks after seedling emergence and often are present by mid-June or earlier in warmer areas. Seeds typically start to mature in August and seed maturation may occur into October or even November for plants that emerged in late spring or summer, provided fall temperatures are warm enough for plant growth. 
A mature Russian thistle plant can produce upwards of 250,000 seeds, but most plants probably produce around 50,000 seeds. When the plants mature in the fall, the stem breaks off at ground level and strong winds allow the weed “tumble” across the landscape, often for miles. As the weed tumbles it drops seed onto the soil surface all along its journey. One study found that each tumbling plant dispersed about 57 percent of its seed. The seed is highly viable and most will germinate or die by the end of the next growing season. One year after dispersal, less than one percent of the seed remains alive in the soil (i.e., the seed bank). The seed bank is usually even smaller in irrigated fields because of higher germination rates.
 There is some evidence that in dry-land grain fields, seed longevity may approach three years for a very small percentage of the seed. Even a very small percentage of viable seed after three years can result in a large number of potential plants in a given area. For example, if 250,000 live seeds are dispersed onto one acre, and three years later, only one-tenth of one percent of them remain alive, that is 250 live seeds (e.g., potential plants). 
The seed of Russian thistle can germinate across a broad range of soil temperatures (45 to 90°F). Seed may germinate when nighttime temperatures fall below freezing provided the daylight temperatures remain above freezing. Seedlings, however, are susceptible to frost. Seedling emergence many begin as early as late March or early April, and increases as soil temperatures warm in May and early June, provided the top inch or two is moist. Germination and emergence may occur throughout the summer if the seedbed receives as little as one-tenth of an inch of moisture. Seedling emergence is highest when seed is buried less than one inch deep and the soils are loose. 
Seed germination occurs rapidly because the seed is a naked (no seed coat or shell), coiled embryo (Figure 1). As little as one-tenth of an inch of moisture can allow the embryo to begin to uncoil and extend a taproot into the soil: a process that takes as little as 12 hours. Once the taproot reaches the soil it grows quite rapidly and eventually reaches depth of 2 to 6 feet, with a lateral spread of up to 15 feet. This extensive root system provides the plant access to soil moisture from deeper soil layers throughout the summer months. Figure 1. Russian thistle seedling developing from the fully differentiated, coiled seed that permits rapid early growth during short periods of favorable growing conditions. (Photo by F. L. Young, USDA-ARS, Pullman, Wash.). From: Frank Young and others. 1995. Managing Russian Thistle Under Conservation Tillage in Crop-Fallow Rotations. PNW-492. Washington State University. 
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Russian thistle can extract moisture from very dry soil because it accumulates oxalates (and perhaps salts and other chemicals) in its leaves and stems. These chemicals reduce the water pressure in the plant to the point that it is less than the water pressure in the soil. Water flows from the “higher” pressure potential in the soil towards the “lower” pressure potential in the plant. This allows transpiration and photosynthesis to occur, even during mid- to late-summer when soils are quite dry at all depths. Obviously, soils that received irrigation earlier in the year (e.g., harvested grain fields) will have residual soil moisture available for Russian thistle following harvest of the crop. Soil moisture also is readily available for Russian thistle in wildland settings when the vegetation is primarily shallow rooted plants like cheatgrass or Sandberg’s bluegrass (Poa Sandbergii). Most of their roots are in the top few inches of soil. The rapidly growing roots from Russian thistle can quickly establish in the deeper soil layers, accessing soil moisture throughout the summer. Vigorous, deep-rooted perennial plants with well- developed vertical and horizontal root systems that can extract soil moisture from the entire soil profile reduce soil moisture availability for Russian thistle. 
Seedling emergence and establishment of Russian thistle are highest in loose soils. That is why Russian thistle is much more common on soils that are sandy to loamy sands, or physically disturbed soils that have lost much of their structure and are crumbly and loose. In part, the loose nature of the soil is what allows for rapid growth of the taproot into the moist subsoil. There is less mechanical impedance to root growth. 
Control Approaches
Non-chemical
Mechanical or physical approaches (e.g., disking, mowing, cutting, pulling) can be effective, particularly for small infestations. There are no growing points on the roots of Russian thistle; therefore, any action that severs the taproot below the growing points near the base of the main stem typically kills the plants. Mowing can be successful, but the result often depends upon how close the mower’s blade can come to the soil surface. The closer the mower blade is to the soil, the greater the number of axillary buds (i.e., potential new stems and flowers) removed from the upright stems. Mowing typically stimulates the development of axillary buds located at plant nodes. The buds produce new stems that eventually produce flowers and seed. Since Russian thistle can extract soil moisture throughout the summer a single mowing event often stimulates regrowth from buds that were close to the ground, below the mower’s blade. Regrowth often has a very low profile, potentially reducing the effectiveness of any subsequent treatment with a mower. Mowing often is most effective when it occurs just before flower maturation. Seed production may be prevented for that year if the remainder of the growing season is too short to allow for regrowth and/or flower development. 
Once seed has matured, mowing will only spread the seed and enhance the infestation. Any physical or mechanical approach is likely to require a sustained effort for several years to deplete the seed bank. In the short-term, tillage techniques often enhance Russian thistle germination and establishment. In the long-term, this can facilitate reductions in the seed bank provided annual inputs to the seed bank are prevented. 
Russian thistle is often readily consumed by all grazing animals at the seedling to immature (before spines develop) growth stages. This period often is brief; thus, the use of livestock as a biological control requires significant flexibility in an operators overall grazing plan. Also, Russian thistle accumulates chemicals in its leaves and stems that can become toxic at high levels of intake. It should never provide the primary forage for grazing animals. 
The best cultural approach to controlling Russian thistle is to maintain high plant cover or density of desired species. Russian thistle does not compete well when it is heavily shaded, particularly under irrigated conditions. On sites that receive little or no irrigation, maintaining a high abundance of deep-rooted perennial grasses creates an environment that adversely affects Russian thistle. These include shade and extraction of soil moisture throughout much of the soil profile. Less access to sunlight, soil moisture and nutrients reduces seed germination, emergence, seedling survival, and growth rates, which typically results in less seed production for those plants that do survive. 
When grain crops are grown, winter wheat generally provides better control and suppression of Russian thistle than spring wheat. Winter grain crops typically have more canopy cover earlier in the growing season, than do spring crops. This provides more shade on the soil surface when Russian thistle seed germinates and seedlings emerge. Russian thistle seedlings that establish in the spring, when canopy cover from spring planted grain crops is low, often survive quite well and resume rapid growth after the grain is harvested in July or early August. 
There are two biological controls listed for Russian thistle: the leaf mining moth Coleophora klimeschiella and the stem boring moth Coleophora parthenica. Neither has provided any successful control. 

Chemical Control
Chemical control of Russian thistle is most effective at the pre-emergent to seedling growth stage. Control with herbicides becomes more difficult as the plants mature and become spiny. There are many herbicides known to control Russian thistle (Table 1). Collectively, they address just about all possible environmental and growing conditions. These include various levels of selectivity for non-target species; different degrees of soil activity and duration of soil residual activity; pre- and post-emergent applications; and chemicals labeled for different crops, non-crop situations, and wildland settings. 
Any weed control and management program for Russian thistle should consider using 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 the purposeful management of an area for bare-ground, must consider how to increase, and is some cases establish, a high density of desired species (whether a harvested crop or wildland plants) on the infested site. A dense, vigorous stand of desired herbaceous species provides the least risk for experiencing a sudden large scale establishment event from Russian thistle. 


[bookmark: _GoBack]Table 1. Active ingredients and representative products known to control Russian thistle. Not all representative products are listed. Many of the active ingredients listed also come in pre-mixed formulations with other products: those products are not listed in the table. A complete list of all active ingredients and products labeled to control Russian thistle 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. 

	Active 
Ingredient
	Representative Products
	
Selective
	Soil
Residual
	Growth
Stage

	2,4-D
	Many
	Yes
	No
	Post-emergent: young plants

	Glyphosate
	Roundup and many others
	No
	No
	Post-emergent: seedlings to before seed set

	Carfentrazone-ethyl
	AimEW
	Yes, for labeled crops
	No
	Post-emergent to actively growing plants to 4 inches tall

	Metsulfuron methyl
	Ally XP, Patriot
	Yes
	Yes
	Post-emergent to actively growing young plants

	Topramezone
	Armezon, Impact
	Yes
	Yes
	Post-emergent: actively growing to 4 inches tall

	Imazapyr
	Arsenal, Habitat
	No
	Yes
	Pre- or post-emergent

	Dicamba
	Banvel, Clarity
	Yes
	Highly variable
	Post-emergent: seedlings to rapidly growing young plants

	Imazamox
	Raptor. Beyond
	Yes
	Yes
	Post-emergent: actively growing to 3 inches tall

	Flumioxazin
	Chateau
	Yes
	Yes
	Pre-emergent

	Bromoxynil-Octanoic acid ester
	Buctril, Broclean
	Yes
	No
	Post-emergent: actively growing young plants

	Aminopyralid
	Milestone
	Yes
	Yes
	Pre-emergent only

	Chlorsulfuron
	Telar
	Yes
	Yes
	Pre-emergent to seedling 

	Trifluralin
	Treflan
	Yes
	Yes
	Pre-emergent

	Pyraflufen-methyl
	Edict 2SC, Vida
	Yes
	No
	Post-emergent, small plants

	Indaziflam
	EsplAnade
	Yes
	Yes
	Pre-emergent

	Thifensulfuron-methyl
	Harmony
	Yes
	Days
	Post-emergent

	Aminocyclopyrachlor
	Method
	Dose dependent
	Yes
	Pre- and post-emergent

	Imazapic
	Plateau
	Yes
	Yes
	Pre- or post-emergent until plants are 3 inches tall

	Pyroxsulam
	Powerflex
	In grains
	Some
	Post-emergent: plants less than 2 inches tall

	Picloram
	Tordon 22K
	Yes
	Yes
	Post-emergent: young rapidly growing plants

	Hexazinone
	Velpar
	Mixed
	Yes
	Pre-emergent to seedling


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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