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Trouble with a Capital "T"
and that Rhymes with "P" 
and that Stands for 
Pigweed



PIGWEED SPECIES LISTED AS SO ME O F THE MO ST CO MMO N 
AND TRO UBLESO ME WEEDS IN NO RTH AMERICA BY CRO P 

Most Common (Rank) Most Troublesome (Rank)

2020 Corn Pigweed spp. (4) 
Palmer amaranth (5)

Palmer amaranth (1)
Waterhemp (2)

2019 Alfalfa Pigweed spp. (1) Pigweed spp. (1)

2019 Soybean Waterhemp (1) 
Palmer amaranth (5)

Waterhemp (1) 
Palmer amaranth (3)

Surveys | Weed Science Society of America (wssa.net)
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Yield loss due to 
Palmer amaranth
CORN: 11 - 91% yield loss

Weed Sci. (2001) 49:202-208

SOYBEAN: 38 - 79% yield loss
Weed Sci. (20023) 51:37-43

COTTON: 60% yield loss
Cotton Sci. (2013) 17: 222-232

PEANUT: 28% yield loss
Weed Tech. (2010) 21:367-371



Harvest interference in 
response to palmer amaranth

Smith et al. (2000) Weed Tech. 14:122-126
Palmer amaranth infestations reduced ground 

speeds and increased work stoppages
Palmer amaranth interference in-crop 

increased harvest time 2-4 fold

Morgan et al. (2001) Weed Tech 15:408-412
>0.7 plants m-1 row of cotton increased

potential for damage to harvest equipment
Amount of trash in lint increased as did the 

cost of cleaning the fibers





Palmer amaranth has been 
detected in one location in 

Manitoba and four locations 
in Ontario

Some of the Ontario 
detections were not recent

Not all were in fields 
(garden, railway)

No established populations 
to date



Palmer Amaranth Spread

New York South Africa



Palmer Amaranth Spread

Kistner and Hatfield (2018) Agric. Environ. Lett. 3:170044 doi:10.2134/ael2017.12.0044



Why Worry?



It can grow tall





Palmer amaranth can occupy 
a large volume of space





Horak and Loughlin (2000) Weed Science 48:347-355

June Emergence (KS)

Palmer amaranth (2.1 - 2.4 m)

Palmer amaranth (2.8 - 4.8 m3)

Waterhemp

Waterhemp

Redroot

Redroot

Palme r amaranth in Me rce d  County (CA) 2018



PALMER AMARANTH GRO WS FAST
(HTTP:/ /BULLETIN.IPM.ILLINOIS.EDU/?P=2024)

7.6 cm 19.8 cm



Palmer amaranth Grows Fast 
But rate can be dependent on emergence date
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PALMER AMARANTH HEIGHT (INCHES) VS GDD (BASE 50  F)
CO NDUCTED O N MERCED CO UNTY PO PULATIO N AT CSU FRESNO  (2019)
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275 GDD to  re ach a  he ig ht o f 6  inche s (15  cm)
Sosnoskie (2019) unpublished data

287 GDD to  re ach a  he ig ht o f 7 .8  inche s (20  cm)
Norsworthy et al. (2008) Weed Tech. 22:296-302



PALMER AMARANTH GRO WS FAST
(HTTP:/ /BULLETIN.IPM.ILLINOIS.EDU/?P=2024)

7.6 cm 19.8 cm



Palmer Amaranth Spread

Kistner and Hatfield (2018) Agric. Environ. Lett. 3:170044 doi:10.2134/ael2017.12.0044



Effects of a Changing 
Environment on Palmer Growth



Palmer amaranth is a prodigious seed producer

Individual seed 1 to 1.5 mm, 0.44 to 0.49 mg



Seed production in several amaranth species
Sellers et al. (2003) Weed Science 51:329-333

Species Seed / plant

Palmer amaranth 250,700

Waterhemp 288,550

Red root pigweed 291,570

Tumble pigweed 50,090



This plant is producing more than 250,000 seed...



Maybe individual plants aren’t producing 250,000 seed, 
each, but what is the whole population producing?



 Keeley et al. (1987) Weed Sci. 35: 199-204
 No Competition, 200,000 – 600,000 seed plant-1

 MacRae et al. (2013) J. Cotton Sci. 17:227-232
 Cotton, 400,000 seed plant-1

 Jha et al. (2008) Weed Sci. 56:408-415
 Soybean, 211,000 seed m-1 row

 Burke et al. (2007) Weed Tech. 21: 367-371
 Peanut, 124,000 seed m-1 row



Comp e nsatory Growth Palme r Amaranth
(Growing  in comp e titive  cotton varie ty, cut b ack at Palme r flowe ring /cotton canop y closure )

Intact Plants 15 cm 3 cm 0 cm (soil line)



Intact Plants 

100% survival
218 cm tall 

Cut to 15 cm

65% survival
102 cm tall 

Cut to 3 cm

35% survival
38 cm tall 

Cut to soil line

5% survival
2.5 cm tall 



Cutting affected cotton yield

Treatment Yield (t ha-1)

Intact 1.53

15 cm 3.04

3 cm 3.39

0 cm 3.41



Cutting affected Palmer seed production 

Treatment Seed plant-1

Intact 435,000

15 cm 116,000

3 cm 28,000

0 cm 700



Seed Germination
Palmer amaranth has a 
minimum temperature 
threshold for germination of   
17 C

Palmer amaranth germinates 
best at 30 to 37 C

Can germinate in day/night 
temperature regimens as hot as 
45 C / 40 C



Seed Germination
Our germination studies suggest 
that base (lowest) water 
potential (Ψbase) for 
germination is between -0.75 and 
-1.0 MPa

Water potential (Ψ50) for 50% 
germination is between -0.28 and
-0.44 MPa

Field capacity -0.01 to -0.03 MPa

Permanent wilting point -1.5 MPa



Maternal Water Stress and 
Impacts on Offspring germination

Well-Watered Parent
35 to 42% field capacity

Drought-Stressed Parent
6 to 13% field capacity

KS population
Ψ50 = -0.55

Offspring
Ψ50 = -0.21 to -0.33

Offspring
Ψ50 = -0.63 to –0.81

Matzrafi e t a l. (2021) We e d  Scie nce  69:31-38



Burial Depth and Duration Affect Seed Viability
Sosnoskie et al. (2013) Weed Sci. 61:283-288



Seed 
Survival

Composted manure

-90%

Ensiling

-40% to -60%

Passage thru digestive systems 

-70% to -95%



Seedling Emergence
Seeds are small and contain limited 
nutrient resources to support seedling 
growth

Palmer amaranth emerges best from the 
top 0.75 cm to top 2.5 cm of the soil 
profile

Emergence practically never occurs in the 
field at depths greater than ~2 cm



Palmer amaranth seedling emergence as a 
function of burial depth



Herbicide Resistance



Waterhemp (Amaranthus tuberculatus)

US populat ions resistant to g lyphosate, ALS-, PSII-, PPO-, HPPD-, VLCFA-
inhib it ing herbicides as w ell as g lufosinate, d icamba, 2,4-D

Palmer amaranth  (Amaranthus palmeri)



Re sp onse  of 2  p utative  R p op ulations (Ste ub e n, O rang e  Countie s) 
and  1  S p op ulation (Ne b raska) to  g lyp hosate
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Palme r Amaranth is in the  Top  Five  Sp e cie s 
for De ve lop ing  He rb icid e  Re sistance  (9  SOA)

WSSA 2  –ALS-inhib itors – chlorimuron, chloransulam, o the rs
WSSA 3  – DNAs – p e nd ime thalin, triflura lin
WSSA 4  –Auxins – 2 ,4-D, d icamb a
WSSA 5  – PS II-inhib itors – atrazine  
WSSA 9  – EPSPS-inhib itors – g lyp hosate  
WSSA 10 – Glutamine  synthase -inhib itors – g lufosinate  
WSSA 14 – PPO -inhib itors – fome safe n, lactofe n, o the rs
WSSA 15 –VLCFA-inhib itors – S-me to lachlor
WSSA 27 – HPPD-inhib itors – me sotrione , te mb otrione , o the rs



The  Sp read  of 
He rb icid e  
Re sistance

Evolution on site  d ue  to  
se le ctive  p re ssure  

Move me nt via  wate r or 
p ossib ly animals

Disp e rsa l via  contaminate d  
se e d , animal fe e d

Disp e rsa l via  mulch, 
manure , and  litte r

Disp e rsa l via  e q uip me nt 
and  human move me nt



Palmer Amaranth is Dioecious
Male Plant - Flowers Female Plant - Flowers



Palmer amaranth 
Male

Palmer amaranth 
Female

Pollen flow

Ob lig ate  out-
crossing , 

moving  of 
g e ne tic mate ria l 

via  p olle n 
b e twe e n p lants

Includ e s g e ne s 
confe rring  
he rb icid e  
re sistance



SOSNOSKIE ET AL. (2012) POLLEN-MEDIATED DISPERSAL OF GLYPHOSATE-RESISTANCE IN 
PALMER AMARANTH UNDER FIELD CONDITIONS. WEED SCI. 60:366-373

R Male
source plots

S Female 
receptor plots

Glyphosate resistant  (R) offspr ing were detected at  ever y distance from the source populat ion



EXAMPLE OF POLLEN – MEDIATED HERBICIDE RESISTANCE TRANSFER

 Sosnoskie et al. (2012) Weed Science 60:366-373
 Glyphosate resistance in Palmer amaranth, pollen movement from resistant males to sensitive females

 Liu et al. (2012) Weed Science 60:416-427
 ALS-inhibitor resistance in waterhemp, pollen movement from resistant males to sensitive females

 Sarangi et a. (2017) Scientific Reports DOI:10.1038/srep44913
 Glyphosate resistance in waterhemp, pollen movement from resistant males to sensitive females

 Ribeiro et al. (2014) Planta. 239:199-212
 Apomixis can occur in Palmer amaranth. How does it impact the observed results and affect the 

stability of the resistance trait?



HYBRIDIZATION?

 Nandula et al. (2014) Pest Management Science 70:1902-1909
 Evidence suggests that part of the EPSPS amplicon from resistant A. palmeri is present 

in glyphosate-resistant A. spinosusand is likely due to a hybridization event between A. 
spinosusand A. palmeri

 Oliveira et al. (2018) The Plant Journal 96:1051-1063
 Results showed hybridization between A. tuberculatus and A. palmeri and the transfer 

of metabolism-based mesotrione resistance under field conditions.



So Now What?



SCO UT! SCO UT! SCO UT!
Scout fields, inspect off-farm inputs for presence of weed seed

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/




Id e ntify and  Re move  Survivors
Eliminate small 
infestations by hand

Identify control 
failures (chemical, 
physical, cultural)

Call university of 
government 
personnel if  detected

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Crop  Rotation
Crop  ro tation d ive rsifie s the  typ e  and  timing  of d isturb ance s

Talle r g rowing  crop s may imp rove  sup p re ssion of Palme r amaranth

Corn p lanting  ofte n occurs b e fore  te mp e rature s rise , whe n Palme r 
amaranth’s g rowth rate  is slowe r

Includ ing  small g ra ins in the  ro tation a llows treatme nt at mid -
summe r whe n a  la rg e r p e rce ntag e  of Palme r amaranth p lants have  
e me rg e d  and  can b e  contro lle d  with non-se le ctive  he rb icid e s

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Tillag e  and  Cultivation
Primary tillag e  that b urie s Palme r amaranth se e d s b y inve rting  the  so il 
(mold b oard  p lowing ) is an e ffe ctive  way of re d ucing  se e d ling  e me rg e nce

Howe ve r, mold b oard  p lowing  a  se cond  time  within a  fe w years can re turn 
b urie d  se e d s b ack to  the  so il surface  whe re  the y have  a  chance  to  g e rminate  
and  e me rg e

Cultivation is ve ry e ffe ctive  for small se e d ling s (le ss than 7 .6  cm ta ll), b ut as 
p lants increase  in size , ste ms are  cap ab le  of re -rooting  and  continuing  
g rowth

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Consid e r Cove r Crop s
Cove r crop s can re d uce  the  
numb e r of Palme r amaranth 
p lants e me rg ing  ove r the  
course  of the  season

Cove r crop s may slow the  
g rowth of Palme r amaranth 
se e d ling s

Not a ll cove r crop s are  
create d  e q ual (e .g . ce reals 
may b e  more  sup p re ssive  
than le g ume s)

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Eq uip me nt Sanitation

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

Avoid dense weeds
Harvest weedy fields LAST

https://growiwm.org/weeds/palmer-amaranth/


He rb icid e s
Plant into  a  we e d -fre e  fie ld  using  an e ffe ctive  non-se le ctive  he rb icid e  p rior to  p lanting  or 
using  tillag e  just p rior to  p lanting  to  b urn d own e me rg e d  we e d s 

Pre e me rg e nce  or re sid ual (or so il-ap p lie d ) he rb icid e s should  b e  ap p lie d  close  to  crop  
p lanting  to  p rovid e  the  maximum amount of re sid ual contro l 

Poste me rg e nce  ap p lications ne e d  to  b e  ap p lie d  to  Palme r amaranth at 7 .6  to  10  cm in 
he ig ht and  consid e r re sid uals as a  tank mix p artne r for exte nd e d  sup p re ssion

Use  two or more  e ffe ctive  mod e s of action with a ll he rb icid e  ap p lications to  assist with 
he rb icid e  re sistance  manag e me nt as we ll as p rovid e  more  consiste nt contro l

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Nove l Te chnolog y

Palmer amaranth - Getting Rid Of Weeds (growiwm.org)

https://growiwm.org/weeds/palmer-amaranth/


Thank You!
Lynn M. Sosnoskie
221 Hedrick Hall
lms438@cornell.edu
(315) 787-2231

@vegfruitweedsci on Twitter
@specialtycropweedscience on Instagram
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