Palmer amaranth
Biology, Ident, and MGMT

Background
Palmer amaranth (Amaranthus palmeri) is an aggressive, invasive pigweed native to the desert regions of the southwest United States and northern Mexico. It has several common names including carelessweed, dioecious amaranth, Palmer’s amaranth, and Palmer’s pigweed. Palmer amaranth is documented in 39 states including Idaho, Oregon and Washington state. Palmer amaranth has developed resistance to multiple classes of herbicides with different modes of action, including ALS inhibitors, triazines, HPPD inhibitors, dinitroanilines, and glyphosate, making it challenging and expensive to control. Its life-cycle is adapted to desert conditions but from these plants continues to spread across the country causing extensive crop losses in many diverse areas.

Description
Palmer amaranth is a problematic summer annual broadleaf weed in the amaranth genus.  It is a diecious plant native only to the Southwest and is considered a weed throughout the country. It commonly grows 6-8 feet tall but can easily reach 10 feet.  Palmer amaranth is similar in structure to other pigweeds such as Powell amaranth, common waterhemp, and redroot pigweed. Seedlings are nearly identical (pictures) but differences can be noted soon thereafter.  Green leaves are oval to diamond-shaped, smooth and arranged in an alternate pattern that grows symmetrically around the stem – much like a poinsettia.  Some leaves have a small, sharp spine at the leaf tip (picture) or a whitish V-shaped mark on the leaf surface, however not all Palmer amaranth plants display these characteristics.  Therefore, determining characteristics of Palmer amaranth include smooth (lack of hair) stems and leaves, particularly on the stems toward the newest growth, the large size of the seed head spike, and the extended length of the petiole.  Petioles of Palmer amaranth plants, particularly the more mature leaves, are longer than the length of the leaf (picture).  The female seedheads can be up to three feet in length and have stiff, sharp bracts that give the seed head a prickly feeling when touched.  In contrast, redroot pigweed and Powell amaranth have fine hairs on their stems and leaves and the seedhead spikes are much shorter and less spiny than Palmer amaranth (picture).

Palmer amaranth has long germination and emergence window. Often emerging in mid-May and extending into September, it allows for multiple flushes per season and is a prolific seed producer.  Plants have been known to produce up to 250,000 seeds on a single plant with some cases reaching close to 500,000.  Seeds are viable for 3-5 years in the soil.  Rapid growth rates of up to 2-3 inches per day and high water use efficiency make Palmer amaranth a highly competitive plant in cropping systems, reducing yield in many crops including corn, soybeans, sugar beets, dry beans, and potatoes.  As a diecious plant, individual plants are either male or female, thereby forcing outcrossing between populations and allowing for higher genetic diversity.  This outcrossing allows Palmer amaranth the ability to adapt and quickly spread herbicide resistance genes when selection pressure (such as using only a single mode of action) is applied.  

Palmer amaranth can also be toxic to livestock animals due to the presence of nitrates in the leaves.  

Habitat
Palmer amaranth is adapted to the arid habitat of the desert southwestern United States. Outside of its native range, Palmer amaranth has been documented in annual row crop fields and disturbed sites.  It was first reported outside its native habitat in 1915 in Virginia.  Seventy-four years later it was mentioned in a weed survey in South Carolina. Since that time, it has been ranked as one of the most troublesome weeds in crops such as cotton, soybeans, and sugar beets.  Palmer amaranth is adaptable and invasive. Evidence of its adaptability is the success of populations across the United States, particularly in places such as Michigan, Montana, northern Indiana, and most recently Idaho, Oregon, and Washington where average temperatures are frequently below the preferred temperatures of native Palmer populations.

Means of spread and distribution
Seed is the means of spread and female plants are prolific seed producers.  Seed can be spread in water movement, by wildlife and via agricultural practices such as plowing, harvesting, and spreading manure. Palmer amaranth seeds are rather small and thrive in no-till or minimum tillage fields. In those situations, seeds are allowed to stay in their ideal emergence zone - the top inch of soil. Seeds are easily transported through grain, seed, or feed contamination or on equipment such as combines, trucks or even muddy boots.

Palmer amaranth competes aggressively with crops. Yield losses from 70-91% have been shown in corn, soybean, peanut, dry bean, and sugar beets.  

Prevention and management
Growers and landowners should be as proactive as possible in identifying Palmer amaranth and taking actions to prevent establishment. Following the patterns of Early Detection and Rapid Response (EDRR) growers should actively search for it in crop fields, borders, ditches, conservation lands, roadsides and around dairies.  If identified, the goal should be to immediately prevent establishment.  For already established populations, the main management goal should be to reduce early-season competition with crops and prevent all Palmer amaranth plants from producing seed.  Always clean vehicles, equipment and clothing that come in contact with the weed prior to exiting any infested areas.  Ensure machinery is clean when moved field to field.  Combines have been known to be one of the largest contributors to the spread of Palmer amaranth seed.  If a grower has fields with any infestations, measures should be taken to harvest those fields last to prevent transport of seed to other areas of the farm, or other farms in the case of a custom harvesting operation. 
The most effective Palmer amaranth management plans will include a Whole-Farm integrated approach.  The following sections address practices that are effective in helping to combat establishment of Palmer amaranth.

Cultural Practices 
Crop Rotation.  As growers map out a rotation for the crops on their farm, special consideration should be taken for those fields containing Palmer amaranth.  Rotating through different crops will not only allow producers to use herbicides with additional modes of action that will control Palmer amaranth, but will also help slow further resistance issues. In areas where diverse crops can be grown this is more of an aid than in areas where crop rotations are more limited.  Small Grains, alfalfa, or corn are all good options for helping control Palmer amaranth. Fall-planted grains and alfalfa are already established before Palmer amaranth emerges in late spring or early summer. Small grains, alfalfa, and corn all offer numerous herbicide options for managing these weeds. Multiple alfalfa harvests during the summer also reduce/prevent seed production from these pigweeds. Note, Palmer amaranth can still produce seed after grain harvest even if they emerge late and must be controlled after grain harvest to prevent viable seed set. In no-till systems, cover crops that are established early and provide rapid growth and a heavy canopy are recommended to slow down the establishment of Palmer amaranth.

Tillage and Cultivation. Deep tillage (ex. moldboard plow) will bury the small Palmer amaranth seed below its preferred emergence depth and will reduce the number of seeds that can emerge from the top 1 inch of soil. In a heavily infested field, this practice can reduce the Palmer amaranth population up to 50 percent. Because seeds may remain viable for 3-5 years, deep tillage is not recommended each year as buried seed can redeposit in the top layer of soil.  Cultivation several times throughout the early life of the crop (until canopy closure) will aid in eliminating seedling Palmer amaranth allowing time for the crop to become established.  Disking can be effective as well as turning the soil can modify burial depth, mortality, predation, and dormancy of the seedbank. Burying seed 2 inches or deeper will discourage germination. Typically, in conservation agriculture Palmer amaranth has a higher germination rate as seeds reside under more favorable conditions for germination as they are not turned under the soil and buried.  Long-term no-till producers must weigh the weed control benefits of tillage or cultivation against the economic and soil-structure benefits of their no-till system.  
Mowing. Palmer amaranth plants are not usually killed by cutting or mowing.  For example, plants cut down during grain harvest can regrow and set seed close to the ground in record time.  It is recommended that mowing be done in conjunction with other methods of control like herbicide application, prescribed fire or propane weed torching to be effective.

Hand Weeding. In some areas in the US weeding crews have been hired to remove Palmer amaranth due to the inability to control it in other ways.  If this method is used, weeds should be pulled and taken out of the field and composted or burned. Plants that are laid on the soil in the field will reroot and continue to grow and produce viable seed. 

Chemical Control
Start Clean.  Chemical control of Palmer amaranth can be difficult in some crops like sugar beet or dry bean because of the abundant resistance to HRAC group 9 and 2 that is so prevalent in much of the country’s populations.  Starting with a clean field whether through tillage or by applying burndown herbicide applications can have a major impact on the success of later applied chemistries and practices to control Palmer amaranth. Depending on the crop, burndown treatments including glyphosate, glufosinate, 2,4-D, dicamba, gramoxone, metribuzin, saflufenacil, flumioxazin, or sulfentrazone have been found to be effective on Palmer amaranth. Caution should be used when using a chemical burndown.  Read and follow label instructions, particularly those pertaining to plant back restrictions for the target crop.

Residual Herbicides. Palmer amaranth is the most susceptible at emergence and the cotyledon stage. To maximize control, Palmer amaranth plants should be controlled prior to being 4 inches in height.  A proactive approach is key to keeping Palmer amaranth at bay.  Residual herbicides should be the foundation of all Palmer amaranth herbicide control programs as they target plants upon emergence or before. Many crops such as sugar beets are limited on the selection of safe chemistries that have activity on Palmer amaranth.  Using residual herbicides to manage Palmer will reduce the selection pressure of the few postemergence herbicide options available. Apply residual herbicides as close to planting as the label allows or in crops with a PRE label, apply prior to planting to maximize product activity in the crop.  In sugar beets, HRAC Group 15 products that contain, S-metolachlor, acetachlor and dimethenamid-P will provide suppression of Palmer amaranth when applied in sequence as part of a season-long herbicide plan.  In other crops where possible, the use of pyroxasulfone (HRAC Group 15), flumioxazin and sulfentrazone (HRAC Group 14) are effective.  Product labels may restrict tank mixes; always refer to product labels before tank mixing or applying products.  Finally, avoid applying the same chemical or chemicals with the same mode of action more than twice during the same season to combat the development of resistance. 
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