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Dioecious Amaranthus Species in the 

Scientific Literature (mostly weed science) 

Through 2000: 

• Waterhemp: 

– 42 paper citations 

• Palmer amaranth: 

– 9 paper citations 

2001–2011: 

• Waterhemp: 

– 175 paper citations 

• Palmer amaranth: 

– 96 paper citations 

 





Principles of Palmer amaranth 

Management 

• Prevention is far better than eradication 

– any tactic that will prevent seed introduction or 

production 
 

•  Once established, herbicide costs generally 

double 

– often requires at least three to four applications 
 

• Control should not be less than 100 percent 

– “zero tolerance threshold” 



If we attempt to handle Palmer 

amaranth like some attempt to 

handle waterhemp,  

we will lose fields. 



Identification of Palmer amaranth 

• Absolutely critical to identify Palmer amaranth 

before the plant exceeds 2” 

– POST herbicide effectiveness rapidly declines 
 

• How to distinguish between Palmer amaranth 

and waterhemp? 

? 























Seedling leaves: 

notched 

broader, ovate 

no waxy sheen 

Seedling leaves: 

notched 

narrow, lanceolate 

often with waxy sheen 

Is it Palmer amaranth or Waterhemp? 



Older leaves: 

notched 

broader, ovate 

no waxy sheen 

Older leaves: 

notched 

narrow, lanceolate 

often with waxy sheen 

Is it Palmer amaranth or Waterhemp? 



Young plants: 

no pubescence 

petioles longer than leaf 

may have watermark 

Young plants: 

no pubescence 

petioles shorter than leaf 

no watermark 

Is it Palmer amaranth or Waterhemp? 



Mucro 





Palmer amaranth resources from the  

University of Illinois   



Palmer amaranth resources from the  

University of Illinois   



‒  Amplify region of ALS gene with EcoRV 
 restriction site & digest 

‒  Palmer & other weedy pigweeds lack 
  site  and do not cut  palmer waterhemp 

Molecular Markers for Species Identification 

  ALS-EcoRV assay 

  Nuclear ribosomal ITS-DdeI assay 

444 bp 

‒  Amplify ITS region & digest 

‒  Palmer lacks site and does not cut 

‒  Alternative restriction sites can 
 distinguish  among other pigweeds  

PA WH 

750 bp 

Wetzel et al. (1999) Weed Sci. 47: 518-523. 

Tranel et al. (2002) TAG 105: 674-679. 



Management of Palmer amaranth 

• What we know: 

– any population of Palmer amaranth was introduced 

from outside of Illinois 
 

• What we assume: 

– seed likely came from areas where Palmer 

amaranth is well established 
 

• What we do not know with certainty: 

– the sensitivity/resistance profile of the population 



2013 Palmer amaranth survey in Illinois 

•  ALS-R populations found in 4 counties 

•  Palmer amaranth confirmed in 12 new 
 counties (26 counties total) 
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•  Gly-R populations found in 8 counties, 
 3 of which were multiple resistant 
 (ALS + Gly)  

* 

* 
* 

* * 

•  6 samples ID’d as waterhemp 



Chronology of Herbicide Resistance 

in Palmer amaranth 

• Palmer amaranth biotypes with resistance to: 

– Dinitroanilines (1989) 

– ALS inhibitors (1991) 

– Photosystem II inhibitors (1993) 

– Glyphosate (2005) 

– Multiple (glyphosate + ALS inhibitors) resistance (2008) 

– HPPD inhibitors (2009) 

– Multiple (glyphosate + ALS inhibitors + triazine) 

resistance (2010) 



Management of Palmer amaranth 

• There is no single tactic that will keep Palmer 

amaranth from reducing crop yield 

– the more integrated the management approach the 

greater the likelihood of long-term success 

 

• Management tactics must be tied with the biology 

and growth characteristics of Palmer amaranth 

– emergence periodicity/duration, growth rate, 

maturation and seed production 

 



Palmer amaranth biology 

• Emergence characteristics: 

– tends to display a prolonged emergence pattern 

– higher germination rates at shallow seed depths 
 

 

• Previous research has demonstrated Palmer 
amaranth has a higher seed germination rate than 
other Amaranthus species (Steckel et al. 2004) 

– one of the first Amaranthus species to emerge 

– also germinates at higher temps than waterhemp 

– may provide for competitive advantages over waterhemp 

• emerges sooner and later 

 



Palmer amaranth management 

• Be sure to control all existing Palmer amaranth 
plants with tillage or burndown herbicides 

– DO NOT plant into existing stands of Palmer 

 

• Apply a full rate (according to label guidelines) 
of an effective soil-residual herbicide not sooner 
than 7 days before planting or later than 3 days 
after planting 

– flumioxazin and sulfentrazone have performed well 

– pyroxasulfone, metribuzin, acetochlor, 
dimethenamid, metolachlor, etc. are other options 
 

 



Palmer amaranth management 

• Sulfentrazone should be applied at 0.25 lb ai/A 

 
Product Rate to provide 0.25 

lb ai sulfentrazone 

Maximum labeled 

rate 

Authority Assist 10 fluid ounces 12 fluid ounces 

Authority First 6.45 ounces 8 ounces 

Authority Maxx 6.5 ounces 9.6 ounces 

Authority XL 6.5 ounces 9.6 ounces 



Palmer amaranth management 

• Flumioxazin should be applied between 0.063-

0.095 lb ai/A 

 Product Rate to provide 

0.063-0.095 lb ai  

Maximum labeled 

rate 

Valor 2-3 ounces 3 ounces 

Valor XLT 3.4-5 ounces 5 ounces 

Gangster 2-3 ounces (V) 3 ounces 

Fierce 3-3.75 (0.0785) 3.75 ounces 

Envive 3.5-5.25 5.3 ounces 

Enlite 2.8 (0.063) 2.8 ounces 



Palmer amaranth control as affected by residual 

herbicide rate 20, 40 and 60 days after application 

Palmer amaranth control (%) 

Residual 
Herbicide 
Rate 

2006 2007 

Oglethorpe Mount Olive Parkton Oglethorpe Mount Olive 

------------------------20 days after application------------------------ 

1X 89 53 77 54 82 

1.5X 93* 67* 87* 65* 86* 

------------------------40 days after application------------------------ 

1X 69 10 62 59 30 

1.5X 80* 8 77* 64* 35 

------------------------60 days after application------------------------ 

1X 52 0 17 39 8 

1.5X 64* 0 30* 49* 10 

Data averaged over 13 herbicides.  Means within an evaluation period followed by 

an asterisk are different at P=0.05. 



Moisture and Soil-Residual Herbicides 

• For most soil-residual herbicides, the herbicide 

must be in the soil solution to be effective 

– applications to dry soil with no precipitation for >10 

days can reduce effectiveness 
 

• Timing of precipitation in relation to application 

– soil moisture at application 
 

• Moisture also needed to facilitate herbicide 

degradation 

– reduce the potential for carryover  





Palmer amaranth biology 

• Growth rate: 

– has a high photosynthetic rate, 3–4x that of soybean 

(Ehleringer 1983) 
 

• Previous research has demonstrated Palmer 

amaranth has a higher growth rate than other 

Amaranthus species (Horak and Loughin 2000) 

– average height increase per GDD50: 

• Palmer = 0.195 cm/GDD    Waterhemp = 0.135 cm/GDD 

• 30-yr average GDD at Urbana for June 10–11 (42.5) and 

July 10–11 (50.5): 

• Palmer = 3.2–3.8”/24 hr      Waterhemp = 2.2–2.6”/24 hr 

 



Photograph taken May 29 

Soybean planted into weed-free soil May 16 

Photograph courtesy Dr. Larry Steckel 



Palmer amaranth management 

• Begin scouting around 14-21 days after the crop 

emerges 

– post herbicides must be applied before Palmer 

amaranth plants are 4” tall 
 

• POST herbicide options in corn and soybean are 

the same ones used for control of waterhemp 

– glyphosate or ALS inhibitors might/might not work 
 

• Consider including a soil-residual herbicide 

– Zidua, Warrant, Dual Magnum, Outlook, etc. 

 



Controlling Palmer amaranth 

• Integrated systems are essential 

– tillage: pre- and post-plant 

– soil-residual herbicides  
 

• POST herbicides must be applied to small plants 
– grows inches per day! 

 

Palmer amaranth height (in) and expectation of complete control 

Herbicide Always Very often Occasionally Almost never 

  Glyphosate 20 40 60 >60 

  ALS inhibitors 4 8 12 20 

  Glufosinate 3 4 6 >10 

  PPO inhibitors 3 4 6 >6 

  Auxins 2 3 4–5 >6 

  HPPD inhibitors 3 8 10 >10 

Expected control of Palmer amaranth with POST herbicides 
 in relation to weed height (NC State Univ.) 



The Difference of 2 Days! 

Flexstar on 6” Palmer Flexstar on 3” Palmer 

Photo courtesy 

Dr. Larry Steckel 



Palmer amaranth management 

• Fields should be scouted within 7-10 days of the 

initial POST application 

– effectiveness of the POST herbicide, residual herbicide 

moved into solution, additional emergence 
 

• Make a second application of POST herbicides if 

additional emergence occurs 

– only one fomesafen application every two years 
 

• Physically remove remaining Palmer amaranth 

before pollination 

– sever below the soil surface and remove plants from field 

 



A field experiment was conducted in Urbana, IL, from 1997 to 2000 to evaluate the effect 

that crop tillage, and soil depth have on common waterhemp seed-bank persistence. A 

heavy field infestation of common waterhemp (approximately 410 plants m−2) was allowed 

to set seed in 1996 and was not allowed to go to seed after 1996. In 1997, 1998, 1999, and 

2000, the percentage of the original common waterhemp seed bank that remained was 39, 

28, 10, and 0.004%, respectively, averaged over tillage treatments. Initially, germination 

and emergence of common waterhemp was greater in no-till systems. Consequently, the 

number of remaining seeds was greater in the till treatments compared with no-till in the 

top 0 to 6 cm of the soil profile. This reduction was in part explained by the higher 

germination and emergence of common waterhemp in the no-tillage treatments. Tillage 

increased the seed-bank persistence of common waterhemp in the top 0 to 2 cm of the soil 

profile in 1997 and the top 0 to 6 cm in 1998. Crop had no effect on common waterhemp 

emergence or seed-bank persistence 

Tillage, Cropping System, and Soil Depth Effects on Common Waterhemp 

(Amaranthus rudis) Seed-Bank Persistence 

 

Lawrence E. Steckel, Christy L. Sprague, Edward W. Stoller, Loyd M. Wax,  

and F. William Simmons 

 

Weed Science 55(3):235-239. 2007 



Management Summary 

• An integrated management approach is absolutely 

critical 

– PRE or POST only herbicide programs are unlikely to 

provide season-long control 
 

• Soil-residual herbicides should be applied within 

two weeks of planting 

– rainfall or mechanical incorporation needed 
 

• POST herbicides must be applied to small 

Palmer amaranth plants 

– small means 2–3” plants 



Best Wishes for a Safe 

and Prosperous 2014 


