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 Weed resistance – more than Palmer amaranth/glyphosate

 Palmer amaranth – past and present

 Strategies for managing resistant Palmer amaranth
◉ Residual herbicides – PPI, PRE and POST options

◉ POST options – Liberty®, Staple®

 Volunteer cotton control

 Roundup Ready Xtend™ Crop System- Xtendimax, Engenia
 Enlist™ Weed Control System
 Rotational crops – herbicides

Overview



Status of Weed Resistance (02/04/20)

• 512 unique cases (species by site of action) (up 15)
• 262 species (152 dicots and 110 monocots)
• 23 of the 26 known herbicide sites of action
• 167 different herbicides
• 93 crops in 70 countries

 48 weeds HRAC Group G
• P amaranth* NE, IL, TN

 41 weeds HRAC Group O
• Waterhemp* (NE, IL) to 2,4-D
• Kochia* (CO, KA, NE) to dicamba

 13 weeds HRAC Group E
Waterhemp, P. amaranth

 2 weeds HRAC Group F2
• Waterhemp, P. amaranth

International Survey of HRW
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 Trifluralin Warrant
 Prowl Outlook
 Caparol Glyphosate
 Direx Liberty
 Cotoran dicamba
 Reflex 2,4-D (Enlist)
 Staple Paraquat
 Dual Magnum Valor

Cotton Herbicides-Palmer amaranth control



Greenhouse Results Glyphosate-
Resistant Palmer amaranth - 2011

6 Samples

3 Samples

3 Samples

1 Sample

1 Sample

 Greenhouse study
◉ Samples collected from 

field brought to 
greenhouse

◉ Varying rates of 
glyphosate were applied

◉ 8:12 samples exhibited 
some level of 
glyphosate resistance 



Southwest Lubbock 
County - 2013



Lubbock County – October 2015



Southwest Cotton Seed Variety Market 
Share

SW Market Share by Variety 
Brand, 2008

Deltapine

FiberMax

Stoneville

Phytogen

Americot/NexGen

All-Tex/Dynagro

Other

SW Market Share by Variety 
Brand, 2018

Deltapine

FiberMax

Stoneville

Phytogen

Americot/NexGen

All-Tex/Dynagro

Other
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 Infests all cultivated cropland

 Emerges from May—
September 

 Prolific seed producer

 Can be controlled by wide 
range of PRE and POST 
herbicides in addition to 
glyphosate

 Seed viability in the soil

Palmer amaranth



Seedbank longevity of 
Palmer amaranth and Common Waterhemp

• 3 locations: Lubbock, 
College Station, Corpus 
Christi

• 5-year study
• 200 seed were placed 

in nylon micromesh 
bags

• Buried: Mar 31, 2016
• 2 depths: 2- and 8-

inches
• 2 weeds:  PA, WH
• Retrieval times 

(months): 
– 06 (Sep 30, 2016)*
– 12 (Mar 31, 2017)*
– 24 (Mar 31, 2018)*
– 36 (Mar 31, 2019)*
– 48 (Mar 31, 2020)
– 60 (Mar 31, 2021)



Palmer amaranth seedbank longevity (% of original viable seeds) when 
buried at 5 or 25 cm deep, 2 years after burial



Herbicide Application

Application 
Method

Acres Treated 
(%)

PPI 91

PRE 20

POST 1

Spot Treatment 40

Layby 1

Cultivation (3.1x) 98

Source:  Smith, et al., 1996









 Weed Challenges
◉ Russian thistle
◉ Morningglory
◉ Horseweed

Roundup Ready® Flex or GlyTol®
Cotton





Residual Kochia Trial
Texas A&M Agrilife – Lubbock, TX

Kochia Control on April 28, 2019 (~7 WAT)

2019 – Dr. Wayne Keeling – Lubbock, TX Applications made prior to kochia 
emergenceEngenia is a US EPA Restricted Use Pesticide. Additional state restrictions may apply.

Always read and follow label directions. 
Engenia is a registered trademark of BASF Corporation.  Valor SX is a registered trademark of Valent USA Corporation
©2019 BASF Corporation. All Rights Reserved.

Untreated
12.8 fl oz/A Engenia® herbicide + 2 oz/A 
Valor® SX herbicide Applied March 8th

32 fl oz/A 2,4-D + 2 oz/A Valor SX
Applied March 8th



Kochia Control on May 30, 2019 (~11 WAT)

March 1st

May 1st

*Source:  Weed Science 65 : 614-
625



Volunteer cotton-a weed in no-till 



Paraquat applied through hooded sprayer



Residual Herbicides
 Pre-plant Incorporated (PPI)

 Dinitroanilines (DNA): Trifluralin (generics), Prowl

◉ Incorporation: tillage, irrigation

◉ Control small-seeded broadleaf weeds, annual grasses

◉ Rate related to soil type



Dinitroanilines – “Yellows”
 Low water solubility – no leaching

 Volatility: Trifluralin – most volatile; Prowl – less volatile

 Photodecomposition

 2-pass mechanical incorporation – disk, spring-tooth 
harrow, field cultivator, rolling cultivator

 Incorporation by irrigation or rainfall – Prowl 

 Soil activity: clay content, organic matter







 Valor® – Cotton – EPP
 1.5 – 2.0 oz/A
 21d interval prior to planting
◉ 1” irrigation

 Tank-mix with 2,4-D or 
glyphosate

 Residual Control—Kochia, 
Russian-thistle, Palmer 
amaranth



Residual Herbicides
 PreEmergence (PRE)

 Caparol, Direx, Cotoran, Dual 
Magnum, Warrant, Staple LX, 
Reflex

 Palmer amaranth/broadleaf 
annuals – broader spectrum than 
DNAs

 Dual Magnum – grasses, yellow 
nutsedge

 Staple LX/Reflex – potential soil 
residual/rotation problems to 
sorghum or corn



Residual Herbicides
 PostEmergence Topical (POST)

 Dual Magnum, Outlook, 
Warrant, Staple LX, Prowl H20

 Tank mix with Roundup, 
dicamba, Enlist, or Liberty.

 Residual Palmer amaranth 
control

 Staple LX – improved POST 
and residual morningglory
control



Residual Herbicides
 PostEmergence Direct/Layby

 Caparol, Direx, Cotoran, Layby 
Pro

◉ Alone or with glyphosate

◉ Residual Palmer amaranth and 
morningglory control

◉ POST morningglory control

 Zidua, Anthem Flex (not-labeled 
on sandy soils)







 Conventional Tillage

Trifluralin          PRE          Roundup + POST? + D,O, or W          
Roundup + POST? 

 Conservation/no-till

Valor + dicamba/2,4-D + Roundup?       paraquat + PRE        
Roundup + POST? + D,O, or W          Roundup + POST? 







Roundup + dicambaRoundup 



Roundup + dicambaRoundup



Engenia (12.8 fl oz/A) + 
Roundup (28 fl oz/A)

Roundup

Crop Response



 Dicamba 2,4-D

Symptomology
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