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Nevada’s Priority Agricultural Weeds: Saltcedar
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Originally published in the Nevada Rancher and Progressive Rancher
[bookmark: _GoBack]Saltcedar or tamarisk (Figure 1) is a collective name for four species of Tamarix found in Nevada. These are athel tamarisk (Tamarix aphylla); Chinese tamarisk (Tamarix chinensis); small flower tamarisk (Tamarix parviflora); and saltcedar (Tamarix ramosissima). Athel tamarisk is the least invasive of the four species and is limited to Nye and Clark Counties. It may reach heights of 30 to 60 feet with a trunk diameter of up to 2.5 feet. It produces few viable seeds and reproduces primarily through vegetative processes. The other three tamarisk species occur in many locations across Nevada and are substantially more invasive than athel tamarisk; therefore, they are the focus of this article. For clarity I will refer collectively to all three species as saltcedar because they are similar ecologically and respond virtually the same to all treatment and management methods. Furthermore, all three species are virtually impossible to tell from one-another unless one closely examines the flowering structure. Figure 1. Mature saltcedar displaying its characteristic pink flowers during the summer period. Photo by Texas A&M University Extension. Available at: http://essmextension.tamu.edu/plants/wp-content/gallery/saltcedar-tamarisk/saltcedar_105_033005-002.jpg
[image: http://essmextension.tamu.edu/plants/wp-content/gallery/saltcedar-tamarisk/saltcedar_105_033005-002.jpg]

As a group, saltcedar are native to southern Europe, North Africa, the Middle East, India, and central Asia east to Japan. It is quite likely that after saltcedar’s arrival in the Southwestern U.S. that all three saltcedar species have hybridized. Saltcedar has a growth form that ranges from shrub-like to being a short tree, with one to many trunks or stems emerging from the root crown. Saltcedar may reach heights of 26 feet but usually is less than 20 feet tall. Individual plants may live for at least 100 years. The plant generally inhabits dry saline soils that reside above a shallow water table. Inhabited areas may periodically flood and established plants can survive complete emergence for upwards of 70 days and partial submergence for almost 100 days. 
The initial introduction of saltcedar was in the early 1800’s, as an ornamental plant in urban environments. Subsequently, saltcedar was planted in many areas for shade, to serve as a windbreak, and to provide fuel. Like many introduced plants, saltcedar rapidly escaped from its intended roles and became a pest species, largely in riparian and wetland environments. One major factor that influenced saltcedar’s rapid expansion was the construction of large dams, water diversion projects, and water delivery systems. These dramatically altered streamflow and patterns of seasonal flooding, often to the benefit of saltcedar and the detriment of desired native plants. The documented expansion of saltcedar was from about 10,000 acres in 1920 to over 1.2 million acres by the mid 1960’s. 
Saltcedar is considered a problematic weed by 4.8% of agricultural producers in Nevada, with wide variation among counties. Only five areas had five percent or more of the agricultural producers identify saltcedar as a problematic species. These include Nye, Mineral and Esmeralda Counties (15.2%); Clark and Lincoln Counties (10.6%); Washoe and Storey Counties (8.9%): and Humboldt (5.4%) and Pershing (5.3%) Counties. For weed managers who focus on public lands, 48.9% of those surveyed consider saltcedar problematic: their fourth greatest weed concern in Nevada. To some degree this reflects saltcedar’s preference for inhabiting riparian areas and the importance of these areas on federally administered rangelands. Figure 2. A stand of saltcedar that became established around the perimeter of Chimney Dam Reservoir when the water level was high for several years. This photo is taken from the lakebed looking toward the saltcedar and no water has occupied the site for at least 18 months. Once saltcedar becomes established it can remain productive during long dry periods.  Photo by Brad Schultz, University of Nevada Cooperative Extension. 2008. 
[image: C:\Users\schultzb\Pictures\Chimney Dam Project\2008\PICT0203.JPG]



Saltcedar typically inhabits riparian and wetland sites, including seasonally flooded areas that have a dry soil surface during much of the hot summer. Typical landscape settings include canals, irrigation ditches, and tailwater ponds; sinks; the vegetated perimeter of playas; and the high-water line of many reservoirs, lakes and ponds (Figure 2).  The lakebeds reservoirs which have been severely drawn down for several years can become infested with saltcedar and produce abundant seed for several or more years, until the lake level recovers and completely covers the plants for many weeks to months. Two common features of almost all locations inhabited by saltcedar are: 1) a shallow water table that the plant’s roots can access during most if not all of the growing season, and 2) soil with high salinity (often >50,000 ppm. Despite saltcedar’s preference for areas with shallow groundwater, once it becomes established it can tolerate very dry conditions, dramatically reducing or even shutting down photosynthesis during droughty conditions. 
Saltcedar has been observed at elevations up to at least 11,000 feet in the Southwestern states, but generally is most common and most invasive at elevations below 6,000 to 6,500 feet. The plant accumulates salts in its leaves and the salts are deposited on the soil surface when the leaves drop each fall. The soil beneath saltcedar can become so salty that only very salt tolerant species can survive under long established saltcedar canopies or on treated sites where populations have existed for several to many decades. Somewhat ironically, salt was probably one of the first chemicals used as an herbicide to kill plants.  
Plant Biology
Saltcedar is a long-lived (100+ years) shrub-tree that develops a deep taproot with multiple lateral roots. At least some of the roots typically extend into the water table. The lateral roots have been described by some as rhizomes, not true roots. As rhizomes they eventually turn upward and form new plants. Once a seed germinates and a seedling emerges, the taproot grows rapidly downward and does not branch much until it contacts the water table. Only then does extensive lateral branching occur.  Plants only 15 inches tall may have tap roots 30 inches deep and lateral roots extending outward 8 feet. A mature saltcedar plant may have roots that easily reach 15 feet deep, and roots have been found as deep as 26 feet. Adventitious roots can from when the water table rises above the soil surface. Both the root crown and the adventitious roots develop buds that can sprout and become new plants following removal of the canopy, or if the roots are severed from the root crown. The large root system can store a substantial amount of energy the plant can use for regrowth following dormancy or a disturbance that adversely affects the canopy. Segments of the lateral roots/rhizomes that have been reburied after cutting have not sprouted, which suggests regrowth after a disturbance comes from buds on the root crown. After fire, over half of the root crowns typically resprout but there has been little documentation of substantial sprouting from the lateral roots.   
Saltcedar typically begins to bloom in the mid to late spring, and can flower and produce seed the entire summer, and even into the fall if soil moisture is available and temperatures remain warm. On dry sites flowering is probably limited to the spring and early summer period. Given Nevada’s wide climatic variation the initiation of the spring bloom may vary from early April in the south to June in the north. On average plants begin to produce viable seed in their third growth year, but seed production has been reported for plants in their first growing season (i.e., the year of germination). Saltcedar is a prolific seed producer, approaching 500,000 or more seeds from a mature plant. Multiple germination episodes are possible every growing season and the production of new cohorts often corresponds with precipitation, irrigation, runoff, or flood events. Seed develops rapidly and disperses shortly after the flowers appear. Saltcedar seed is not dormant and can germinate upon dissemination, but is short-lived. Seed viability lasts about 45 days during the summer and 130 days for seed dispersed just prior to the winter months. A persistent seedbank does not develop. 
Once seed is dispersed and it comes in contact with moist, fine-grained soil (silt or clay), the entire germination process can occur within 24 hours.  Seedlings are sensitive to drying soil and require wet to saturated soil during their first 2-4 weeks of growth. Saltcedar seedlings typically develop buds (i.e., become perennial) on their root crown between six and eight weeks of age, and seedlings four weeks of age or older easily survive clipping treatments to a stubble height just under one-inch tall. Once plants reach eight weeks of age they begin to survive exposure to fire treatments of 30 or 60 seconds of duration. By 12 weeks of age about 65% of seedlings will survive a 60 second burning treatment. 
Seedlings can easily survive submergence for at least several days: most will survive submergence for 24 days. At least four to six weeks of complete submergence is needed to kill most seedlings 
Seed dispersal is primarily from the wind or movement of water. The very small, light-weight seeds have small hairs on their seed coat which facilitate airborne transport. Water-borne transport may occur in streams (perennial, seasonal, or ephemeral), canals and irrigation ditches, during flood irrigation, or during floods that that result in widespread overland flow. Saltcedar seed has no morphological features that facilitate attachment to an animal’s hide or feathers; thus, transport by animals to distant locations largely occurs from mud contaminated with viable seed that becomes attached to the animal. Infested animals can be moved tens to hundreds of miles (especially from trucking) before the mud drops from their bodies. Similar movement can occur from mud attached to clothing and shoes, vehicles, and farm equipment.
Control Approaches
Non-chemical
The most effective control program for saltcedar involves four concepts: monitoring, prevention, early detection and local eradication upon its first appearance. Early detection and immediate control are important because eight week old seedlings have become perennial with the potential for vegetative reproduction. This developmental feature makes individual plants, let alone entire populations, more difficult to control. Monitoring is important when uninfested areas occur near infested sites, or dispersal mechanisms regularly move seed from infested to nearby uninfested areas. Eventually, viable seed will be transported to a location on the soil that is capable of supporting both successful seed germination and seedling establishment. Control of the seedlings (early detection), especially those younger than six to eight weeks of age is much easier and cheaper to accomplish than the treatment and control of established populations. 
Weed control and management programs for saltcedar should focus on an integrated approach that applies two or more methods of weed control. Very seldom does a single approach work long-term. Furthermore, all control methods, except for the purposeful management of an area for bare-ground, must address how to establish and/or increase the desired species on an infested site. A dense vigorous stand of desired perennial species, especially grasses with large robust roots systems, provide the best opportunity to prevent the germination of most saltcedar seeds that arrive on a site. The greater the cover and density of the desired plants the smaller the probability that there will be abundant “safe sites” available for seed germination and seedling establishment from saltcedar and/or other weeds. The early detection of saltcedar and a rapid response to control the first few plants provides the best opportunity to prevent the large scale establishment of a new infestation, should seed germination and seedling emergence occur. 
Mechanical treatments (e.g., mowing, chopping, chaining, disking, cutting, etc.) that largely kill the above-ground growth are generally unsuccessful for providing long-term control of mature saltcedar. The buds on the root crown and adventitious roots typically facilitate rapid regrowth of the plant. Heavy equipment that rips up the root system can be effective, especially when the soil is dry, but sprouting, and perhaps substantial sprouting, from the root crowns and adventitious roots will occur and will need to be controlled for the treatment to be successful. Also, the cost is usually quite high. Young infestations composed of non-perennial seedlings (i.e., < 6-8 weeks of age) can easily have their root systems disrupted by mechanical treatments, and are readily susceptible to physical control methods.
Sustained flooding that covers saltcedar seedlings for at least one month (perhaps longer) can control seedlings. Mature established plants require submergence for a much longer period for complete control; thus, flooding to control older plants is at best an opportunistic endeavor limited to select situations. This includes controlled reservoirs that can be maintained at high levels for long periods. Once saltcedar is controlled, additional flooding may be required necessary to leach excessive salts from the soil to allow desired vegetation to establish, where such vegetation going forward will help exclude saltcedar from reoccupying the site.  
The application of fire is not a viable control tool when applied as a stand-alone treatment to mature stands of saltcedar. Research has shown good survival of burned plants for individuals as young as 8 to 12 weeks old. Once plants reach eight weeks of age they have perennial buds on the root crown that often survive a fire, especially a low intensity fire, and resprout. Fire appears to kill more plants if abundant dead and down material resides on the soil surface due to greater heat-loads on the root crowns. Intense fires, however, is more likely to harm residual desired species on the site, and reduce their ability to rapidly colonize the area. 
Mature stands of saltcedar typically have a substantial amount of dead material that can interfere with herbicide placement on the target plants, which reduces herbicide effectiveness. Burning the site can remove much of the unwanted debris, perhaps kill some plants, and facilitate rapid regrowth that reduces stored energy reserves in the roots and root crown. The regrowth will be lush and readily accessible for an herbicide application. Little if any of the chemical will land on dead material (standing or soil surface litter) and not be absorbed by the plant. Soil active herbicides that land on the soil surface can be moved to the root zone for uptake if a precipitation event occurs relatively soon after the herbicide treatment (i.e., before photo or microbial degradation occurs). Flaming can readily control seedlings up to about 4 weeks of age. 
Grazing is not considered a viable stand-alone control method. Cattle will consume young sprouts if other more desired forage is absent. Goats will select saltcedar more readily than cattle and can be used as part of an integrated weed control program to consume the resprouts after a mechanical or burning treatment. Typical forage species have much better palatability than saltcedar; thus, they will bear the brunt of the grazing pressure and there will be little beneficial (heavy) use of the saltcedar. 
The saltcedar leaf beetle (Diorhabda carinulata) has provided good to excellent control of may saltcedar populations. This insect’s repeated defoliation of the leaves gradually reduces the vigor of saltcedar and can lead to dieback after one year, and plant death after several years. Data suggest that a large population saltcedar leaf beetles can result in about 60% mortality of a widespread population of saltcedar.  Biological control, however, will not eliminate saltcedar, but typically reduces the population size enough to allow other desired species to begin to occupy the site, provided salt levels in the soil are not too great. . Control beyond about 60% will require other tools from the integrated pest management tool box. An important consideration for subsequent treatments is to control the saltcedar without harming the desired residual vegetation, and ideally promoting those plants.  In 2010, however, the U.S. Department of Agriculture formally banned the release or interstate transport of Diorhabda beetles in western states due to concerns about how declines in saltcedar could affect the habitat of the southwestern willow flycatcher (listed as an endangered species). 
Chemical Control
There are two active ingredients that effectively control saltcedar in wildland, non-crop, and bare ground settings in Nevada (Table 1). Two additional active ingredients suppress saltcedar across a suite of agronomic, wildland settings and other environments (Table 1). These four active ingredients are packaged into 91 products labeled for use in Nevada. The majority of these are glyphosate (e.g., Roundup) based and are pre-mixed formulations with two or more active ingredients that are effective on many weeds besides saltcedar. If saltcedar grows with other weeds a pre-packaged mix may be the most appropriate herbicide for your use. 
Most of the active ingredients shown in Table 1 are non-selective, especially at higher application rates. Both imazapyr and triclopyr can sterilize the soil when applied at high rates, which can adversely affect desired understory vegetation. In many situations, but especially when large mature saltcedar are present, a cut stump herbicide treatment is the best option (Figure 3). Successful cut stump treatments require that the herbicide be placed on the cambium (outer third of the stump) immediately after the cut is made.  Placement of the active ingredient on the cambium facilitates rapid movement of the chemical to the buds on the root crown and adventitious roots.  
Postemergence foliar applications work best on small rapidly growing plants, but can effectively control large mature plants. The application rate for large trees, however, can be greater than for small plants and the increased rate increases the risk of adverse effects toward non-target plants, especially seedlings of desired species. Greater application rates also lengthen the period of strong soil residual activity. For any active ingredient, the decay rate is independent of the amount of chemical applied; thus, the greater the amount of active ingredient in the soil at the start of the decay period, the greater the amount present at the end of each subsequent time interval. Treated areas may endure long periods when there are few or no desired plants, on the site. This outcome potentially increases risk of a serious erosion event and subsequent loss of the site’s productivity potential. Sites may be incapable of supporting restoration efforts until the soil residual becomes small enough to permit establishment of desired herbaceous, shrub and/or tree species. The period during which desired plants cannot be successfully established may last several or more years. Figure 2. A saltcedar population at Chimney Dam Reservoir in Humboldt County several years after it was treated with a cut-stump treatment with imazapyr. The treatment effectively controlled most of the saltcedar but left a strong soil residual that prevented plants from occupying the area round the base of each tree. Plants are largely limited to areas that would have been between the canopies of the treated trees.  Photo by Brad Schultz, University of Nevada Cooperative Extension, 2010.
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No single active ingredient (Table 1) should automatically be considered the best overall chemical to control saltcedar. Every infestation is unique and herbicide selection should be based on site-specific conditions. Some factors you should consider are: 1) do you need a selective herbicide that will not adversely affect the residual desired plant species that occupy the site; 2) are your short- and mid-term management objectives compatible with an active ingredient that leaves a soil residual, especially a multi-year residual; 3) what will be the age and growth stage of both saltcedar and the associated non-target plants when you can fit the herbicide treatment into your overall production schedule; 4) is the control of saltcedar (i.e., plant death before seed production) your primary goal or is complete or nearly complete suppression of seed production an acceptable outcome (this may be an acceptable goal if saltcedar is only a secondary weed of concern); and 5) can you make the commitment for a follow-up treatment, which probably will be needed. Some herbicides, especially those that lack a soil residual to control the next germination cohort, provide less long-term control than the other active ingredients. Active ingredients with a short soil residual probably will require more extensive follow-up treatments, compared to active ingredients with a long soil residual. The best follow-up treatment may or may not be another herbicide treatment. 
An important question to ask about any herbicide treatment is, was I successful? Young seedlings may appear to be easily controlled with a single herbicide treatment but research has shown at least some will regrow 8 to 12 weeks post treatment. For those that have developed buds on the root crown, regrowth later in the growing season or the following year is possible. Some work suggests mature trees may not initiate regrowth until the second growing season post-treatment. This suggests that treated sites should always be revisited for at least two years post-treatment to ensure that saltcedar does not reestablish and produce additional seed. Complete control should not be considered achieved until the site has been free of saltcedar for two growing seasons after treatment. Regardless of treatment success, treated sites that reside along an invasion pathway (airborne or waterway) should be visited periodically each year to determine if saltcedar has moved back onto the site.  
The next article in this series will address medusahead (Taeniatherum caput-medusae)), an introduced annual grass with substantially less forage value than cheatgrass (Bromus tectorum). This weed commonly inhabits degraded sagebrush plant communities, but also may invade meadows.  
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Table 1. Active ingredients and many of the representative products labeled for the control of saltcedar in the landscape settings and crops in Nevada. Postemergent applications should always be to actively growing weeds, unless specified. Additional active ingredients may be labeled for turf, ornamentals, or less common crops in Nevada. Information in this table can be used 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 shown below are available in pre-mixed formulations with other active ingredients. Those pre-mixed products are not listed in this table. A complete list of all active ingredients and products labeled to control saltcedar 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 active ingredients below is alphabetical and does not reflect any preference or efficacy. 
	


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
	
	
	
	Yes
	No
	Postemergence during active growth with multiple methods: 1) thoroughly wet base and root collar of all stems; 2) 2% solution applied to cut stumps; 3) 2% solution applied to  cut frills (overlapping v-shaped notches) until notches are full; and 4) tree injection close to the root collar.

	Glyphosate*
	Accord, Roundup and many others
	x
	x
	x
	
	x
	x
	x
	x
	x
	No
	No
	Foliar (partial control) or cut stump (cambium area) during period of maximum leaf expansion and active growth. Foliar control is the less successful method because of the high salt content on the leaves. 

	


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



Selective
	


Soil
Residual
	


Growth
Stage

	Imazapyr
	Alligare, Arsenal, Habitat Polaris
	x
	x
	
	x
	
	
	
	
	
	Generally No
	Yes
	Foliar, cut stump (cambium area), frill, or tree injection treatments after complete leaf-out when carbohydrate translocation to roots is at its maximum. 

	Triclopyr
	Element 3A, 4
Garlon 3A, 4
	x
	x
	
	x
	
	
	
	
	
	Generally No
	Yes
	Cut stump or basal bark treatments work best. For cut stumps, make the cut level and cover the outer portion of the cut (cambium) with the herbicide. Foliar treatments of shorter plants (3-4 feet tall) is effective but may harm desired understory species. Addition of Milestone to the tank-mix appears to increase success of Triclopyr


*. Partial control and usually requires repeated treatment even under optimal conditions.  
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
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