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ABSTRACT 

Increasing populations of glyphosate-resistant Palmer amaranth (Amaranthus 

palmeri) have increased weed management costs for Texas High Plains cotton 

producers. The introduction of Bollgard II XtendFlex (dicamba-tolerant) varieties and 

registration of dicamba formulations for postemergence use in cotton, combined with 

residual herbicides, can effectively control Palmer amaranth. It is estimated that 60-

70% of the region’s cotton acreage was planted in Bollgard II XtendFlex varieties in 

2019. Field studies were conducted in 2018 and 2019 at Lubbock to evaluate Palmer 

amaranth control and economics of weed management for XtendFlex, LibertyLink, 

Roundup Ready, and conventional cotton systems for irrigated and dryland 

production.  

Trifluralin was used as a preplant incorporated (PPI) treatment in all cotton 

production systems. Caparol was applied preemergence (PRE) in all systems, except 

for the XtendFlex PRE only system. The XtendFlex system included a tank mix of 

XtendiMax + Roundup PowerMax applied early postemergence (EPOST) and 

XtendiMax + Roundup PowerMax + Warrant applied mid postemergence (MPOST). 

LibertyLink systems included Liberty EPOST and Liberty + Warrant MPOST. In 

2019, the Liberty Link system required tillage and hand-hoeing to control escaped 

weeds. Roundup Ready systems included Roundup PowerMax EPOST and Roundup 

PowerMax + Warrant MPOST and used hand-hoeing and tillage to control 

glyphosate-resistant Palmer amaranth. The conventional system utilized tillage and 

hand hoeing for in-season weed control and Warrant MPOST.  

The most consistent season-long Palmer amaranth control was achieved with 

the XtendFlex system in both irrigated and dryland production with 99-100% control 

in 2018. In irrigated production, greatest lint yields were achieved with XtendFlex 

when compared to the conventional and LibertyLink systems. In 2018, greatest gross 

margin above weed management costs were achieved with the XtendFlex system in 

irrigated production. All systems produced yields in dryland cotton production and 

gross margin above weed management costs that were not different across dryland 
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production systems in 2018. Total variable costs were not different across all systems, 

with greater seed/technology and herbicide costs in XtendFlex and Liberty Link 

systems, compared to higher tillage and hand hoeing costs in Roundup Ready and 

conventional systems in 2018 and 2019. The most consistent season-long Palmer 

amaranth control was achieved with the XtendFlex system in both irrigated and 

dryland production in 2019 when compared to the LibertyLink and Roundup Ready 

systems. In 2019, the XtendFlex and conventional systems resulted in similar gross 

margins but the XtendFlex system was the only systems to produce positive gross 

margin above weed management costs.  
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CHAPTER I 

INTRODUCTION  

 Upland cotton [Gossypium hirsutum (L.)] is an economically important 

agronomic crop in the United States. In 2019, the United States planted 5.6 million 

hectares, harvested 4.7 million hectares, and produced 20.1 million bales of cotton 

(USDA-NASS 2019a). The value of the 2019 cotton crop in the United States was 

estimated to be $6 billion dollars (USDA-NASS 2019b). In 2019, Texas cotton 

producers planted 2.8 million hectares, harvested 2.4 hectares, and produced an 

estimated 6.6 million bales of cotton, which was over 30% of the United States cotton 

production (USDA-NASS 2019c).  

Weeds grow alongside and compete with cotton for soil moisture, nutrients, 

space, and sunlight, which can affect cotton production by reducing lint yield up to 

90% if left untreated (Manalil et al. 2017). Early-season weed control decreases 

competition and allows cotton to utilize soil moisture and fertilizer to realize its full 

potential (Meziere et al. 2013). Weeds can act as a host for crop pests including 

insects, nematodes, and plant pathogens that can migrate to cotton and negatively 

affect yield (Meziere et al. 2013).  

In Texas cotton production, Palmer amaranth [Amaranthus palmeri (S.)] ranks 

number one among the most troublesome and common weeds (WSSA 2019). Berger 

et al. (2015) found that season-long Palmer amaranth competition decreased cotton 

lint yield by 65% due to competition for soil moisture and light. Total daily water use 

for Palmer amaranth is almost three times higher than that of weed-free cotton (Berger 
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et al. 2015). Seed cotton yield decreased 14% when cotton plants were 0.3 m from an 

individual Palmer amaranth plant (Berger et al. 2015). Morgan et al. (2001) found that 

1 to 10 Palmer amaranth plants per 9.1 m of row decreased lint yields 13 to 54%, 

respectively, and decreases cotton canopy volume by 45% 10 weeks after cotton 

emergence. Mechanical harvest of cotton with Palmer amaranth densities exceeding 6 

plants per 9.1 m was considered impractical due to potential damage to harvesting 

equipment (Morgan et al. 2001). Harvest efficiency may be reduced by large Palmer 

amaranth plants that need to be manually removed from clogged harvest equipment 

(Smith 1950; Timmons 2005).  

Currently, chemical weed control with herbicides and cultivation are the main 

sources of weed management in the United States (Timmons 2005). Chemical 

management is effective due to selectivity with herbicides and different modes of 

action that can be incorporated into a weed management system. Roundup Ready® 

Flex cotton was first commercially available in 2006, which gave producers the ability 

to broadcast glyphosate, a non-selective herbicide, postemergence (POST) due to 

genetic transformations in cotton (Huff 2010). Roundup Ready® Flex technology 

allowed producers to control most grasses and broadleaf weeds POST without 

negatively affecting cotton (Huff 2010). Widespread acceptance of Roundup Ready® 

technology occurred by 2010, when 91% of cotton hectares across the United States 

were planted to Roundup Ready® cultivars (USDA-AMS 2010). Roundup Ready® 

technology gave producers an economically viable way to successfully control many 

troublesome weeds.  



Texas Tech University, Brice M. DeLong, August 2020 

3 

In 2004, LibertyLink® (glufosinate-tolerant) cotton were commercially 

available in cotton. Glufosinate is a non-selective herbicide that can be used to control 

grasses and broadleaf weeds, but decreased efficacy on Palmer amaranth has been 

recorded in environments with low relative humidity (Al-Khatib et al. 2001). GlyTol® 

(glyphosate-tolerant) cotton cultivars were commercialized in 2010 and were followed 

by cultivars containing GlyTol® and LibertyLink® traits. These cultivars were 

commercialized as GlyTol® + LibertyLink® (GL) cotton in 2011 and gave producers 

the ability to use two herbicides with different mechanisms of action for weed 

management.  

Glyphosate-resistant Palmer amaranth was first identified in the Texas High 

Plains (THP) in 2011 according to the International Survey of Herbicide Resistant 

Weeds list (Heap 2020). By 2013 it was common to identify patches of glyphosate-

resistant Palmer amaranth that survived season-long glyphosate applications and by 

2015, the problem intensified with widespread field-to-field populations of 

glyphosate-resistant Palmer amaranth. Decreased glyphosate efficacy forced producers 

to use other methods of weed management such as cultivation, hand-hoeing, spot-

spraying, and the use of residual herbicides (Whitaker et al. 2011). This led to an 

increase in weed management costs due to additional herbicide and labor associated 

with herbicide-resistant weed control for producers on the THP. 

Dicamba-tolerant cotton varieties were commercialized in 2016 and contained 

Bollgard® II XtendFlex™ technology. New cotton varieties and the use of new lower 

volatility dicamba formulations for POST use in cotton (2017) gave producers another 
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tool to manage glyphosate-resistant Palmer amaranth. Dicamba is a selective herbicide 

that can be applied POST for broadleaf weed control and can provide soil residual 

activity lasting up to two weeks (Shaner 2014). To minimize future dicamba resistance 

issues observed with glyphosate, it is recommended to use residual herbicides preplant 

incorporated, preemergence, and POST with dicamba as part of an overall weed 

management system to diversify modes of action (Inman et al. 2016). Several studies 

have been conducted to document the efficacy of dicamba in cotton, but more 

information is needed to address the economics of using dicamba in a weed 

management system compared to other technologies on the Texas High Plains. 

Therefore, the objectives of these studies were to: 1) compare postemergence options 

in different cotton technologies as part of an overall weed management system in 

irrigated and dryland production, and 2) identify the most economically viable system 

of weed management and document the comparative value of dicamba technology to 

other systems. 
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CHAPTER II 

LITERATURE REVIEW 

 

History of Weed Management in Cotton 

 

A weed can be defined as a plant out of place or growing where it is not 

desired (Blatchley 1912). The competition between mankind and weeds has been 

documented for thousands of years and early observation and research indicate weeds 

compete for moisture, nutrients, and sunlight, which can decrease yields and quality of 

crops (Smith 1950). Hand removal quickly resulted in a wide variety of simple hand-

tools developed to control weeds and increase crop viability. Industrialized agriculture 

pushed innovations in weed management to include new practices for removing 

undesirable plants physically, mechanically, and chemically (Timmons 2005). 

Advancements in technology and equipment gave producers new tools to manage 

weeds, while objectives have remained similar throughout the course of time. Weed 

management will always be necessary due to the drain on environmental and 

economic resources caused by weeds (Byrd and Coble 1991). Earlier practices such as 

physical weed removal and cultivation have evolved towards herbicides and herbicide 

systems in agronomic production (Timmons 2005).  

Physical weed control utilizes hand-pulling, hand-hoeing, and physical barriers 

to control weeds. Physical control is one of the oldest forms of weed management and 

early row cropping in the United States was carried out by slaves and eventually low-

skilled laborers (Timmons 2005). Physical weed control is an important management 
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strategy that allows producers to remove weeds that have escaped other weed control 

measures or can serve as the primary role of weed management. Hand-hoeing is a 

strategy of physical weed control that is occasionally used in the THP in conjunction 

with herbicides and tillage to remove escaped weeds but is used less with increased 

cost of labor and other more effective technology development. Controlling weeds 

before they reach maturity will reduce the amount of seeds in the soil for future 

growing seasons (Maqsood et al. 2018)   

Although physical weed management is critical for producing cotton in some 

settings, it can be time consuming and result in high labor costs. Hand hoeing can cost 

$123.50 to $494.00 ha-1 which can add up quickly on a large operation (Cotton 

Physiology Today 1997). Hand-hoeing crews and individuals also can be hired and 

paid on a hectare basis. Physical weed control relies on the availability of workers to 

accomplish the task. This is dependent on the number of available workers. Quality of 

hand-hoeing can differ field to field depending on human error, weed pressure, and 

weed size. Although costly, physical weed management has accomplished effective 

weed control and can control weeds throughout the growing season if utilized 

properly. 

Mechanical weed control is the use of mechanized equipment for weed 

management. Later developments in row-cropping include horse-drawn plows and 

cultivators to control weeds between rows. New forms of mechanical weed control 

and harvest developed between 1930 and 1965 with the introduction and refinement of 

mechanized power (Timmons 2005). Improved tractors, shredders, disks, plows, and 
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harvesters quickly became popular amongst producers for weed control and harvest in 

cotton (Smith 1950). Producers can now control weeds and harvest large areas without 

hiring manual labor crews. The shift from physical to mechanical weed management 

and harvest increased the physical weed management cost for producers, due to a 

distribution change in laborers. Mechanical weed control with tillage can cost $20 to 

$37 ha-1 for one cultivation (Texas Custom Rates Survey 2018).  

Herbicidal naphthas were the first chemicals used to control weeds 

postemergence (POST) in cotton in the 1950s. These herbicidal naphthas were 

inexpensive and offered the best POST weed control in cotton at the time (Robinson 

1973). These herbicides were petroleum fractions composed of 14-25% aromatic 

content for weed control in cotton (Robinson 1973). Naphthas were non-selective 

herbicides and controlled young grasses and broadleaf weeds. Due to its non-selective 

nature, “spot” applications of naphthas controlled weeds, but were phytotoxic to 

cotton plants (Robinson 1973). By the end of the 1950s and early 1960s, selective 

herbicides were developed to improve weed control in agronomic production. Early 

estimated costs of naphthas herbicides was $49 to $62 ha-1 for season-long weed 

control compared to $370 ha-1 for one early season hand weeding in nursery 

production (Eliason 1949). 

Other herbicides were developed for selective broadleaf weed control during 

the 1950s, but were phytotoxic to cotton and were not widely accepted. These 

herbicides included chlorpropham [1-methylethyl N-(3-chlorophenyl)carbamate], 

dalapon (2,2dichloropropanoic acid) and diuron [N’-(3,4-dichlorophenyl)N,N-
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dimethylurea] (registered for use in cotton). Trifluralin [2,6-dinitro-N,N-dipropyl-4-

(trifluromethyl)benzenamine] was registered in 1963 to selectively control annual 

grasses and small seeded-broadleaf weeds PRE and preplant incorporated and can be 

used in a variety of different crops such as cotton, peanuts [Arachis hypogaea (L.)], 

and soybeans [Glycine max (L.)]. To achieve effective weed control using trifluralin, it 

must be applied to the soil preplant and incorporated using standard preparation 

equipment. Mono-sodium methyl arsenic acid (MSMA) also was registered in 1963 

for POST control of annual grasses. Other herbicides of economic benefit in cotton 

introduced in the 1960s include dicamba [3,6-dichloro-2-methoxybenzoic acid], 

fluometuron [N,N-dimethyl-N’-[3-(trifluoromethyl)phenyl]urea], linuron [N’-(3,4-

dichlorophenyl)-N-methoxy-N-methylurea], and prometryn [N,N’-bis(1-methylethyl)-

6-(methylthio)-1,3,5-triazine-2,4-diamine] (Buchanan 1992). The development and 

widespread use of trifluralin, MSMA, and prometryn in cotton quickly shifted weed 

management practices towards herbicide use due to the economic benefits. 

Glyphosate [N-(phosphonomethyl)glycine] was registered in 1974 and is a 

herbicide of great economic benefit (Dill 2005). Glyphosate is a non-selective 

herbicide and was first used with “spot” treatments and offered excellent control for 

many hard-to-control weeds during the 1980s. During the 1990s, genetically 

transformed cotton varieties that were tolerant to glyphosate and allowed the herbicide 

to be used POST in crops and improve control of many weeds (Dill 2005). 

Pyrithiobac-sodium [sodium 2-chloro-6-[(4,6-dimethoxy-2-pyrimidinyl)thio]benzoate] 

was introduced in 1993 and became an effective option for POST broadleaf weed 
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control with little to no injury on cotton plants (Jordan et al. 1993; Keeling et al. 

1993).  

In the 1980s, the first POST graminicides were introduced to control annual 

and perennial grasses that were not controlled with other herbicides (McWhorther and 

Bryson 1992). Although many annual grasses were controlled using residual soil-

applied herbicides, fluazifop [2-[4-[[5-(trifluromethyl)-2-

pyridinyl]oxy]phenoxy]proponoic acid] and sethoxydim [2-[1-(ethoxyimino)butyl]-5-

[2-(ethylthio)propyl]-3-hydroxy-2cyclohexen-1-one] provided options for selectively 

controlling perennial grasses such as bermudagrass [Cynodon dactylon (L.)] and 

johnsongrass [Sorghum halpense (L.)] POST in cotton (McWhorter and Bryson 1992).  

Palmer amaranth 

 

Palmer amaranth (Palmer amaranth L.) is the most common and troublesome 

weed in cotton production and high populations exist in the THP (WSSA 2019). Palmer 

amaranth is a member of the Amaranthaceae family and is native to northwest Mexico, 

southern California, Texas, and New Mexico (Sauer 1957). Palmer amaranth is one of 

10 dioecious plants in the Amaranthaceae family, which gives male plants the ability to 

produce pollen and females to produce seeds, an important aspect of its genetic diversity 

(Franssen et al. 2001; Stechel 2007). Palmer amaranth is a branched, summer annual, 

broadleaf weed, and daily growth can be 5 to 6.5 cm (Keeley et al 1987). Palmer 

amaranth is a highly adaptable plant with fast growth rates, high genetic diversity, and 

prolific seed production. This plant can grow 2 to 3 m in height and can produce 600,000 
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seeds, which can remain dormant for several years (Keeley et al. 1987). Herbicide 

resistance has been documented in seven sites of action in Palmer amaranth, which has 

increased the weed management costs for producers (Sprague 2018). 

Palmer amaranth competes with cotton for environmental resources, which can 

significantly impact cotton lint yield, fiber quality, harvest efficiency, gin turnout, and 

cotton biomass (Berger et al. 2015; Morgan et al. 2001; Fast et al. 2009, Smith et al. 

2000). One Palmer amaranth plant per 9 m of row can decrease cotton lint yield 6 to 

12% (Flessner et al 2015). Cotton lint yield can decrease up to 70% with 8 weeds per 

7.3 m of row and 92% with 8 Palmer amaranth plants per m of row (Buchanan and 

Burns 1971; MacRae et al. 2013; Morgan et al. 2001; Rowland et al. 1999).  

For every weed per m2, lint yield can decrease 58 to 112 kg ha-1 (Rowland et al 

1999). Palmer amaranth may reduce harvest efficiency and obstruct harvest equipment 

due to its robust size (Morgan et al. 2001; Smith et al. 2000). Herbicide-resistance has 

added another complicated layer to cotton weed management. 

Glyphosate-resistant Palmer amaranth was first discovered in Georgia in 2004 

and was later identified in Arkansas, North Carolina, and Tennessee (Culpepper et al. 

2006; Stechel et al. 2008; Norsworthy et al. 2008). In 2011, glyphosate-resistant 

Palmer amaranth was identified on the THP (Heap 2020). Overuse of glyphosate, 

underutilization of residual herbicides, and the competitive biological advantages of 

this weed are attributed to its rapid spread throughout the southern United States 

(Sosnoskie and Culpepper 2014). The presence of glyphosate-resistant Palmer 

amaranth has forced producers to manage weeds through practices such as variety 
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selection, tillage, crop rotation, and use of herbicide systems to slow the spread of 

resistant weeds and prevent future resistance issues (Sosnoskie and Culpepper 2014). 

Over-expression of the coding sequence for 5-enolpyruvylshikimate-3-

phosphate (EPSP) synthase gives Palmer amaranth the ability to tolerate labeled 

application rates of glyphosate (Gaines et al. 2011). 5-enolpyruvylshikimate-3-

phosphate synthase is an enzyme in the biosynthesis pathway of shikimic acid, an 

aromatic acid required for plant cell functions (Gains et al. 2011). Glyphosate is an 

EPSP synthase inhibitor that stops the conversion of shikimate-3-phosphate and 

phosphoenolpyruvate to EPSP (Steinrucken and Amrhein 1980). Carbon drain is 

achieved through deprivation of essential aromatic acids: tryptophan, tyrosine, and 

phenylalanine that require shikimic acid as a substrate and leads to plant death (Gains 

et al. 2011). When glyphosate is applied to a resistant plant, the glyphosate molecule 

binds with the EPSP synthase enzyme and the glyphosate molecule cannot inhibit the 

shikimic acid biosynthesis at levels high enough for plant death to occur (Gains et al. 

2011). This indicates resistant Palmer amaranth will survive amounts of glyphosate 

that exceed labeled rates (Giacomini et al. 2014). 

Preplant incorporated (PPI) herbicides such as pendimethalin [N-(1-

ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine] and trifluralin are effective options 

for controlling Palmer amaranth in THP cotton (Keeling et al. 1991). Preplant 

incorporated herbicides are often applied in early to late spring and are followed by 

PRE herbicides at planting such as prometryn, diuron, or S-metolachlor [2-chloro-N-
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(2-ethyl-6-methylphenyl)-N-[(1S)-2-methoxy-1-methylethyl]acetamide] to provide 

early season residual Palmer amaranth control (Barroso et al. 2012).  

Disodium methanearsonate (DSMA) and MSMA were commonly used POST 

or postemergence-directed (PDIR) herbicides for Palmer amaranth control in cotton 

prior to 1994. To increase weed control in PDIR or layby applications, tank-mixes of 

DSMA or MSMA with diuron, fluometuron, prometryn, or norea (noruron) [rel-N,N-

dimethyl-N’-[(3aR,4S,5R,7S,7aR)-octahydro-4,7-methano-1H-inden-5-yl]urea] were 

used (McWhorter and Bryson 1992; Price et al. 2008). In 1996, pyrithiobac-sodium 

was introduced and could control Palmer amaranth with POST applications in cotton, 

but was most successful with PPI and PRE applications on many weeds. Lengthy soil 

persistence has been documented, which can injure rotational crops such as wheat 

[Triticum aestivm (L.)] and grain sorghum [Sorghum bicolor (L.)] (Johnson et al. 

1993; Webster and Shaw 1996). 

Glyphosate-tolerant Cotton 

 Development of genetically-modified (GM) herbicide-tolerant cotton cultivars 

was one of the most significant innovations in weed management (Dill 2005). This 

study will focus on three technologies currently available for cotton production: 

Roundup Ready® (glyphosate-tolerant), LibertyLink® (glufosinate-tolerant), and 

Bollgard® II XtendFlex™ (dicamba-tolerant) cultivars. Roundup Ready® cultivars 

were registered for commercial use in 1997 and Roundup Ready Flex® with enhanced 

tolerance was registered in 2006. Widespread acceptance of Roundup Ready® 

(glyphosate-resistant) technology was evident in 2010 when over 91% of the cotton 
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hectares in the United States were planted to these cultivars (USDA-AMS, 2010). This 

technology allowed producers to control a wide variety of emerged annual and 

perennial weeds at most growth stages with this foliar-applied non-selective herbicide.  

The active ingredient in glyphosate is phosphonylmethyl glycine and is 

classified as an EPSP synthase inhibitor that can be applied PRE, PDIR for spot 

treatments, or POST in genetically modified crops (Green 2007). Plant death occurs 

from carbon drain in the carbon reduction cycle caused by inhibited protein synthesis 

through depletion of aromatic amino acids (Green 2007). The most prolific and stable 

form of glyphosate-resistant EPSP synthase was found in Agrobacterium in the CP4 

EPSP synthase gene (Green 2007). The synthesized form of this EPSP synthase gene 

does not allow glyphosate to efficiently bind compared to the enzyme that naturally 

occurs in plants (Green 2007). 

Glyphosate-resistant cotton was successfully developed using the CP4 EPSP 

synthase gene (Green 2007). In 1997, the first Roundup Ready® cotton cultivar was 

introduced and POST of glyphosate could be applied up to the four-leaf stage in cotton 

with minimal injury and no reported yield loss (Light et al. 2003). Light et al. (2003) 

also suggested that off-label applications of glyphosate may decrease yields with these 

varieties. After further research in maize, the CP4 EPSP synthase in male reproductive 

tissue expression was enhanced for cotton (Heck et al. 2005). Roundup Ready® Flex 

cotton was approved and became commercially available in 2006, giving producers 

the ability to apply glyphosate over the top of cotton at any growth stage without yield 

loss (Huff 2010). In 2006, 65% of United States cotton hectares were planted to 
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herbicide resistant varieties. The adoption of technology was 93% in 2009 and 99% in 

2010 (Whitaker et al. 2011). The ability to control weeds POST with glyphosate 

decreased the need to control weeds mechanically, but did not eliminate cultivation as 

a weed management strategy.  

Further innovation led to the development and commercialization of GlyTol® 

cotton varieties in 2010, which offered flexible application timings for cotton 

producers (Huff 2010). The double mutant 5-enol pyruvylshikimate-3-phosphate 

synthase (2mEPSPS) gene was used to code the double mutant 5-enol 

pyruvylshikimate-3-phosphate synthase (2mEPSPS) protein offering glyphosate 

tolerance in both vegetative and reproductive tissue, which lowered binding affinity 

and increased resistance towards glyphosate inhibition (Funke et al. 2009). This 

allowed plants to grow in the presence of glyphosate without affect (Huff 2010).  

The impact and widespread acceptance of transgenic crops continues to 

increase as it has since 1997. Glyphosate resistant cultivars and POST use of 

glyphosate became widely accepted due to the relative ease of use and ability to 

control troublesome weeds throughout the United States cotton belt (Scott et al. 2001). 

Glyphosate was reported to control Palmer amaranth, ivyleaf morningglory [Ipomoea 

hederacea (J.)], devil’s-claw [Proboscidea louisianica (P.)], and silverleaf nightshade 

[Solanum elaeagnifolium (C.)] in West Texas (Joy et al. 2008). Transgenic crops 

earned their place in the field by allowing producers to control troublesome weeds 

using POST herbicide applications, decreased weed management costs, and increased 

yields (Scott et al. 2001). 
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Glufosinate-tolerant cotton 

Glufosinate is a water soluble, non-selective herbicide that controls many 

annual and perennial grasses and broadleaf weeds (Shaner 2014). Glufosinate is a 

POST herbicide that converts glutamate and ammonia to glutamine. Buildup of 

ammonia, injury symptoms within 3 to 5 days, and plant death occurs without this 

process (Shaner 2014). Decoupling of photophosphorylation and cell membrane lipid 

peroxidation is caused by ammonia buildup and disruption of photosystem I and II 

(Senseman and Amburst 2007). Acid or ammonium salt glufosinate formulations are 

available and are often mixed with surfactants to increase efficacy. Low carrier 

volumes and late applications can lead to decreased efficacy due to limited herbicide 

translocation when using glufosinate (Al-Khatib et al. 2001).  

The first form of glufosinate tolerance was achieved by insertion and 

expression of the phosphinothricin acetyltransferase (PAT) gene from the fungus 

Streptomycyes viridochromogenes (Devine et al 1993). The Bialophos resistance 

(BAR) gene from the bacteria Streptomyces hygroscopicus expresses PAT enzymes 

that acetylate the free amino group of the herbicide molecule, L-phosphinothricin, into 

a non-toxic from, N-acetyl-Lphosphinothricin (Devine et al. 1993). In 1997, ‘Coker 

312’ was the first cotton cultivar to successfully contain the BAR gene but lacked 

desired glufosinate tolerance (Blair-Kerth et al. 2001). In 2004, “LibertyLink®” cotton 

cultivars containing the BAR gene and “WideStrike®” cultivars containing the PAT 

gene were first commercially released (Dodds et al. 2015). LibertyLink® cotton 

varieties were able to tolerate glufosinate applications at any growth stage and no yield 
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reductions were observed (Dodds et al. 2015). Further testing with WideStrike® 

cultivars reported up to 30% injury with over-the-top applications of glufosinate 

(Culpepper et al. 2000). 

To provide broader weed control and delay glyphosate-resistant weeds in 

cotton, cultivars containing glyphosate and glufosinate tolerance were released in 2011 

and commercialized as GlyTol® + LibertyLink® (Wallace et al. 2011). Increased weed 

management options were realized through these cultivars due to the broad-spectrum 

nature of both glyphosate and glufosinate, including different modes of action 

(Wallace et al 2011). These herbicides can be mixed for simultaneous or individual 

over the top applications with no decrease in lint yield or fiber quality (Wallace et al. 

2011). Other benefits include control on weeds that may not be controlled well with 

the other herbicide such as low glyphosate efficacy on ivyleaf morningglory [Ipomoea 

hederacea (L.) Jacq.]. Glufosinate can be used to successfully control ivyleaf 

morningglory where glyphosate efficacy is limited. Glufosinate use in semi-arid 

regions may result in lower efficacy on Palmer amaranth due to low humidity, 

hardened-off weeds, and other environmental factors (Al-Khatib et al. 2001).  

Dicamba-tolerant cotton 

Dicamba is a benzoic acid derivative that has a mechanism of action like 

endogenous auxins indole acetic acid (IAA), but the mechanism of action in not well 

understood (Shaner 2014). Dicamba is a synthetic auxin herbicide and growth 

regulator that has some residual soil activity (˂14 days) (Senseman and Amburst 

2007). Herbicide uptake occurs through the stems, roots, and leaves and is translocated 
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by both symplastic (including phloem) and apoplastic (including xylem) pathways and 

accumulates at growing points (Shaner 2014). Dicamba injury and symptomology 

include twisting and curling of stems and petioles, stem swelling and elongation, and 

leaf cupping (Shaner 2014). Glyphosate-resistant Palmer amaranth can be controlled 

with POST applications of dicamba with great success (Dodds et al. 2012). Dicamba 

can be used PRE in some crops, but the primary application is POST weed control in 

tolerant crops and grass crops (Senseman and Amburst 2007). 

One of the newest innovations in weed management have been auxin-tolerant 

cotton varieties and new herbicide formulations for POST use in cotton. The dicamba 

monooxygenase (DMO) gene was first discovered by researchers at the University of 

Nebraska (Behrens et al. 2007). The DMO gene was isolated from soil bacteria from a 

dicamba detoxifying factory (Behrens et al. 2007). This discovery has led to the 

development, testing, and release of dicamba-tolerant cotton varieties for commercial 

use in 2016.  Dicamba-tolerant cotton cultivars have not been reported to be damaged 

by POST dicamba applications or decrease lint yields (Behrens et al. 2007).   

In 2016, dicamba-tolerant cotton cultivars became commercially available for 

producers and carries the trade name Bollgard® II XtendFlex™. Dicamba formulations 

for POST use in Bollgard® II XtendFlex™ cotton cultivars were commercially 

available in 2017. These herbicides have the trade names XtendiMax®, Engenia®, and 

FeXapan® (dicamba). These varieties contain a triple stacked gene that allows POST 

applications of glyphosate, glufosinate, and dicamba without injuring cotton or 

decreasing lint yield (Cahoon et al. 2015). This gives producers the ability to control 
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weeds with three different modes of action POST in cotton. The flexibility of three 

POST herbicide means that tank mixes could successfully control a wide range of 

weeds from annual grasses to perennial broadleaf weeds. Tank-mixes of dicamba and 

glyphosate has been reported to increase efficacy on annual grasses and use of residual 

herbicides is encouraged to prevent future resistance problems (Behrens et al. 2007). 

Auxin tolerant cotton varieties have allowed producers to successfully control 

glyphosate-resistant Palmer amaranth and has potentially lowered the weed 

management cost for controlling this resistant weed.  
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CHAPTER III 

MATERIALS AND METHODS 

Field trials were conducted in 2018 and 2019 at the Texas A&M AgriLife 

Research and Extension Center near Lubbock, TX (33.68816, -101.83171) to evaluate 

the control of Palmer amaranth [Amaranthus palmeri (S.)] using different weed 

management systems in dryland and irrigated cotton [Gossypium hirsutum (L.)] 

production. The cost of each management system was also assessed to determine the 

economic profitability. Plots were arranged in a randomized complete block design 

with four replications for both irrigated and dryland cotton production. Plots were 8 

rows by 13.7 m in length. The soil texture is an Acuff loam (Fine-loamy, mixed 

thermic Aridic Paleustolls) with less than 1% organic matter and a pH of 7.9 (Web 

Soil Survey 2020). For these experiments, DeltaPine® 1522 B2XF was planted on 102 

cm row spacing at a depth of 3.8 cm and a seeding rate of 11.6 kg ha-1 (128,440 seeds 

ha-1). Cotton was planted on 4 May 2018 and 13 May 2019. Rainfall in 2018 totaled 

304 mm and 576 mm in 2019 (Table 3.1). Plots received 254 mm of supplemental 

furrow irrigation in 2018 and 152 mm in 2019.  

The weed management systems included XtendFlex®, LibertyLink®, Roundup 

Ready®, conventional (residual herbicides, cultivation, and hand-hoeing), and 

XtendFlex® PRE only (Table 3.2). For all systems, conventional tillage practices 

including a preplant herbicide application and incorporation, listing to form beds, and 

rod-weeding prior to planting (to control emerged weeds). Within the XtendFlex® 

system, XtendiMax® (dicamba) combined with Roundup® (glyphosate) was applied 
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postemergence (POST) for Palmer amaranth control in cotton. The XtendFlex® system 

can also include Liberty® (glufosinate) in tank-mixes for three possible 

herbicides/modes of action to control Palmer amaranth POST but was not included in 

these tests. Within the LibertyLink® system, glufosinate was applied to control Palmer 

amaranth POST. Glyphosate can be combined with glufosinate in the LibertyLink® 

system but was not included in this study. Within the Roundup Ready® system, 

glyphosate is the only herbicide option for POST Palmer amaranth control.  

Cultivation and hand-hoeing were used in addition to glyphosate to remove 

escaped/resistant Palmer amaranth. A tractor mounted row crop cultivator was used 

for in-season cultivation. The conventional system utilized cultivation and hand-

hoeing to control Palmer amaranth escapes. Within the XtendFlex® PRE only system, 

dicamba was applied PRE and glyphosate was used for POST Palmer amaranth 

control.  

All systems received trifluralin PPI, Caparol® (prometryn) PRE (except for the 

XtendFlex® PRE only), and Warrant® (acetochlor) with mid-postemergence (MPOST) 

applications for residual weed control. In the XtendFlex® system, trifluralin was 

applied PPI followed by (fb) Caparol® PRE fb XtendiMax® + Roundup® early-

postemergence (EPOST) fb XtendiMax® + Roundup® + Warrant® MPOST.  In the 

LibertyLink system, trifluralin was applied PPI fb Caparol PRE fb Liberty EPOST fb 

Liberty + Warrant MPOST. In the Roundup Ready® system, trifluralin was applied 

PPI fb Caparol® PRE fb Roundup® EPOST fb Roundup® + Warrant® MPOST. This 

system included tillage and hand-hoeing to control escaped weeds two weeks after 
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POST applications. In the conventional system, trifluralin was applied PPI fb 

Caparol® PRE fb Warrant® MPOST. Tillage and hand hoeing were the only methods 

for in-season weed control in this system. In the XtendFlex® PRE only system, 

trifluralin was applied PPI, fb XtendiMax® + Roundup® PRE fb Roundup® EPOST fb 

Roundup® + Warrant® MPOST. Tillage and hand-hoeing after application were used 

to control escaped weeds (Table 3.2). 

Herbicides used in this trial included trifluralin [2,6-dinitro-N,N-dipropyl-4-

(trifluoromethyl)benzenamine] at a 1.12 kg ai ha-1 rate and incorporated to a depth of 

5.0-7.5 cm, prometryn [2,4-bis(isopropylamino)-6-(methylthio)-s-triazine] at a 1.12 kg 

ai ha-1 rate, dicamba [diglycolamine salt of dicamba (3,6-dichloro-o-anisic acid)] at a 

0.56 kg ae ha-1 rate, glufosinate [2-amino-4(hydroxymethylphosphinyl)butanoic acid 

monoammonium salt] at a 0.88 kg ai ha-1 rate, glyphosate [N-

(phosphonomethyl)glycine] at a 1.26 kg ai ha-1 rate, and acetochlor [2-chloro-N-

ethoxymethyl-N-(2ethyl-6-methylphenyl)acetamide] at a 1.26 kg ai ha-1 rate (Tables 

3.3, 3.4 and 3.5). 

Preplant incorporated (PPI) and preemergence (PRE) herbicide applications 

were made using a compressed-air tractor mounted sprayer, and all POST applications 

were made using a CO2-pressurized backpack sprayer calibrated to deliver 140 L ha-1 

at 220 kPa.  Sprayers were equipped with TurboTeeJet 11002 nozzles (Spraying 

Systems Co., North Avenue and Schmale Roade, Wheaton, IL 60188) for non-

dicamba applications and TurboTeeJet Induction 11002 nozzles for dicamba 
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applications. All applications were made at 4.8 km hr-1 at 207 kPa (Tables 3.6, 3.7, 

3.8, and 3.9.). 

Palmer amaranth control was estimated 14 days after treatment (DAT) 

following each application, and tillage and hand-hoeing action was performed at this 

time. Palmer amaranth control was estimated using a scale of 0 to 100 with 0 

representing no control and 100 representing complete control, represented by plant 

death (Frans and Chandler 1989). The middle two rows of each plot were 

mechanically harvested with a John Deere 7445 two-row cotton stripper equipped with 

an on-board scale to record seed cotton weight. Grab samples from each plot were 

obtained for ginning. Seed cotton samples were weighed and ginned, and lint weights 

were recorded to determine percent turnout. Fiber samples were obtained after ginning 

from each plot, sent to the Fiber and Biopolymer Research Institute (FBRI) in 

Lubbock, TX and subjected to High Volume Instrument (HVI) testing to determine 

fiber micronaire, color, staple, strength, length, and uniformity. This information was 

used to determine loan value (Cotton Incorporated Loan Calculator) for each sample 

and to estimate a dollar per hectare return for each plot. In 2019, the Roundup Ready® 

and XtendFlex® PRE only systems were not harvested due to early-season rainfall, 

weed pressure, and low efficacy using glyphosate POST.  

An economic analysis was conducted to assess the profitability and to create a 

partial budget for each weed management system. Weed management economic 

budgets were by calculating crop revenue and expenses. Total revenue was calculated 

by multiplying lint yield with the loan rate from each system, which did not include 
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revenue from seed. Variable costs were defined as expenses for weed control 

including seed/technology, herbicides, cultivation, and hand-hoeing. Total margin was 

used as the measure of profitability and was calculated by subtracting variable cost 

from the total revenue in each system. Since this is a partial budget for weed 

management budget, total margin will be referred to as, “total margin above weed 

management cost”. 

Tillage costs per hectare was estimated by the 2018 Texas Custom Rates 

Survey. Hand-hoeing costs were determined by hoeing times per plot, converted to 

time per hectare, and multiplied by $7.50/hr labor cost to determine hand-hoeing cost 

per hectare. Seed costs per hectare were estimated using the Plains Cotton Growers 

Upland Cotton Seed Cost Comparison Worksheet. Herbicide per hectare costs were 

estimated using rates and herbicide costs for all systems. Total input costs were 

estimated by combining all costs (herbicide, seed/technology, hand-hoeing, and 

tillage) for each system. Total input costs were deducted from total revenues to 

estimate gross margins above weed control costs for each system. 

For these experiments, data were subjected to analysis of variance (ANOVA) 

and means separated by Fischer’s Protected LSD at the 5% confidence level (PROC 

GLIMMIX, SAS 9.4 2014). 
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Table 3.1.  Yearly rainfall and irrigation distribution by month for 2018 and 2019 in Lubbock, 

TX. 

 

Month Year  

 2018 2019 

 Rainfall Irrigation Rainfall Irrigation 

 ----------------------------------------mm--------------------------------------- 

January 0 - 0 - 

February 5 - 0 - 

March 22 - 29 - 

April 0 - 34 - 

May 34 102 115 - 

June 40 76 34 - 

July 25 76 116 152 

August 2 - 36 - 

September 65 - 160 - 

October 111 - 32 - 

November 0 - 20 - 

December 0 - 0 - 

Total 304 254 576 152 
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Table 3.2.  Weed management systems for Palmer amaranth in 2018 and 2019. 

 

System PPI PRE EPOST MPOST 

XtendFlex® trifluralin prometryn dicamba + glyphosate dicamba + glyphosate 

+ acetochlor 

LibertyLink® trifluralin prometryn glufosinate glufosinate + 

acetochlor 

Roundup Ready® trifluralin prometryn glyphosate glyphosate + 

acetochlor 

Conventional trifluralin prometryn -- acetochlor 

XtendFlex® PRE 

only 

trifluralin dicamba + 

glyphosate  

glyphosate glyphosate + 

acetochlor 

Untreated trifluralin -- -- -- 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; EPOST, early-postemergence; MPOST, 

mid-postemergence 
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Table 3.3  Herbicide rates and cultivation cost per hectare, and hand-hoeing costs 

per hour in 2018 and 2019. 

 

Herbicide Common 

Names 

Brand names Application 

rates 

Cost ($/ha-1) 

  kg ai or ae ha-1 $ ha-1 

    
Trifluralin Trifluralin 4 E.C. 1.12 11.73 

Prometryn Caparol® 4L  1.12 19.14 

Dicamba XtendiMax™ 0.56 23.37 

Glyphosate Roundup PowerMax  1.26 12.35 

Glufosinate Liberty 280 SL 0.88  48.14 

Acetochlor Warrant 1.26 25.02 

In-season cultivation In-season cultivation -- 19.76 

Hand-hoeing Hand-hoeing -- $7.50/ hr 

Abbreviations: ai, active ingredient; ae, acid equivalent. 
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Table 3.4.  Input dates for Palmer amaranth irrigated systems in 2018 and 2019. 

 

 Irrigated - 2018 Irrigated - 2019 

Timing Application Cultivation Hoeing Irrigation Application Cultivation Hoeing Irrigation 

PPI April 4 -- -- -- Feb 12 -- -- -- 

PRE May 4 -- -- May 5 May 13 -- -- -- 

EPOST June 7 June 22 June 22 June 27 June 18 June 19 June 19 July 3 

MPOST July 12 July 12 July 19 July 23 July 5 July 12 

Aug 14 

July 12 

Aug 14 

July 29 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; EPOST, early-postemergence; MPOST, 

mid-postemergence 
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Table 3.5.  Input dates for Palmer amaranth dryland systems in 2018 and 2019. 

 

 Dryland - 2018 Dryland - 2019 

Timing Application Cultivation Hoeing Irrigation Application Cultivation Hoeing Irrigati

on 

PPI April 4 -- -- -- Feb 12 -- -- -- 

PRE May 4 -- -- May 5 May 13 -- -- -- 

EPOST -- July 5 -- -- June 18 June 19 June 19 -- 

MPOST July 12 July 12 July 19 -- July 5 July 12 

Aug 14 

July 12  

Aug 14 

-- 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; EPOST, early-postemergence; MPOST, 

mid-postemergence 
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Table 3.6.  Application description for Palmer amaranth irrigated systems in 

2018. 

 

  PRE EPOST MPOST 

Application date  May 4 Jun 7 Jul 12 

Air temperature (°C)  20 35 26 

Relative humidity (%)  35 29 59 

Wind speed (kph)  11 11 11 

Surface soil temperature (°C)  19 32 27 

Cloud cover (%)  0 65 80 

Weed height at application (cm)   5-10 5-10 

Crop stage at application    3 to 4 leaf 8 to 10 leaf 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; EPOST, 

early-postemergence; kph, kilometers per hour; MPOST, mid-postemergence 
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Table 3.7.  Application description for Palmer amaranth irrigated systems in 

2019. 

 

  PRE EPOST MPOST 

Application date  May 

15 

Jun 18 Jul 5 

Air temperature (°C)  25 26 27 

Relative humidity (%)  42 60 40 

Wind speed (kph)  10 8 10 

Surface soil temperature (°C)  22 29 29 

Cloud cover (%)  10 0 25 

Weed height at application (cm)   5-10 5-10 

Crop stage at application   3 to 4 leaf 8 to 10 leaf 

Abbreviations: ° PPI, preplant incorporated; PRE, preemergence; EPOST, 

early-postemergence; MPOST, mid-postemergence 
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Table 3.8.  Application description for Palmer amaranth dryland 

systems in 2018. 

 

  PRE MPOST 

Application date  May 4 Jun 22 

Air temperature (°C)  20 28 

Relative humidity (%)  35 51 

Wind speed (kph)  11 10 

Surface soil temperature (°C)  19 29 

Cloud cover (%)  0 20 

Weed height at application (cm)   5-10 

Crop stage at application   6 to 8 leaf 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; 

MPOST, mid-postemergence 
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Table 3.9.  Application description for Palmer amaranth dryland systems in 2019. 

 

  PRE EPOST MPOST 

Application date  May 4 Jun 7 Jul  12 

Air temperature (°C)  25 26 27 

Relative humidity (%)  42 60 80 

Wind speed (kph)  10 8 10 

Surface soil temperature (°C)  22 29 29 

Cloud cover (%)  10 0 25 

Weed height at application (cm)   5-10 5-10 

Crop stage at application    3 to 4 leaf 6 to 8 leaf 

Abbreviations: PPI, preplant incorporated; PRE, preemergence; EPOST, early-

postemergence; kph, kilometers per hour; MPOST, mid-postemergence 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

Irrigated 2018 

 In 2018 irrigated production, Palmer amaranth was controlled 99% and 100% 

at 14 and 28 DAT, respectively, in the XtendFlex system with dicamba + glyphosate 

applied EPOST (Table 4.1). A sequential MPOST application of dicamba + 

glyphosate + acetochlor controlled Palmer amaranth 100% 14 DAT. No cultivation or 

hand-hoeing was needed for this system to maintain season-long Palmer amaranth 

control. Variable costs for the XtendFlex system included $158 ha-1 for 

seed/technology and $151 ha-1 for herbicides, for a total weed management variable 

costs of $309 ha-1 (Table 4.2). Lint yield for the XtendFlex system was 915 kg ha-1, 

total revenue was $1031 ha-1, and total margin above weed management cost for this 

system was $722 ha-1 (Table 4.3). 

Palmer amaranth was controlled 99% and 93% 14 and 28 DAT, respectively, 

using glufosinate applied EPOST (Table 4.1). A sequential application of glufosinate 

+ acetochlor applied MPOST controlled Palmer amaranth 95% 14 DAT. This system 

did not require any cultivation or hand-hoeing to maintain weed control. Variable 

costs for the LibertyLink® system included $158 ha-1 for seed/technology and $176  

ha-1 for herbicides, for a total weed management variable cost of $334 ha-1 (Table 4.2). 

Lint yield for this system was 755 kg ha-1, total revenue was $851 ha-1, and total 

margin above weed management cost for this system was $517 ha-1 (Tables 4.3). 
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Palmer amaranth was controlled 85% 14 DAT with glyphosate applied EPOST 

(Table 4.1). Cultivation and hand-hoeing were performed 14 DAT to remove escaped 

weeds. Glyphosate applied EPOST, combined with cultivation and hand-hoeing 

controlled Palmer amaranth 96% 28 DAT. A sequential application of glyphosate + 

acetochlor MPOST combined with cultivation and hand-hoeing controlled Palmer 

amaranth 94% 14 DAT. variable costs for the Roundup Ready® system included $91 

ha-1 for seed/technology, $104 ha -1 for herbicide, $40 ha-1 for cultivation, and $68 ha-1 

for hand-hoeing. The total weed management variable costs for this system were 303 

ha-1 (Table 4.2). Lint yield for this system was 828 kg ha-1, total revenue was $927   

ha-1, and total margin above weed management cost for this system was $624 ha-1 

(Table 4.3). 

Palmer amaranth was controlled 85% 14 and 28 DAT using early-season 

cultivation and hand-hoeing in the conventional system (Table 4.1). Acetochlor was 

applied to this system when all MPOST treatments were applied. Palmer amaranth 

was controlled 83% 14 days after second cultivation and hand-hoeing event. Variable 

costs for this system included $62 ha -1 for seed/technology, $55 ha-1 for herbicides, 

$40 ha-1 for cultivation, and $151 ha-1 for hand-hoeing. The total weed management 

variable cost for the conventional system was $308 ha-1 (Table 4.1). Lint yield for this 

system was 691 kg ha-1, total revenue was $799 ha-1, and total margin above weed 

management cost was $491 ha-1 (Table 4.3).  

Palmer amaranth was controlled 87% 14 DAT in the XtendFlex® PRE only 

system using glyphosate applied EPOST (Table 4.1). Cultivation and hand-hoeing 
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were performed 14 DAT to remove escaped weeds and controlled Palmer amaranth 

95% 28 DAT. A sequential application of glyphosate + acetochlor applied MPOST 

combined with cultivation and hand-hoeing controlled Palmer amaranth 96% 14 DAT. 

Variable costs for the XtendFlex® PRE only system included $158 ha-1 for 

seed/technology, $140 ha-1 for herbicides, $40 ha-1 for cultivation, and $65 ha-1 for 

hand-hoeing. The total variable cost for this system were $403 ha-1 (Table 4.2). Lint 

yield for this system was 793 kg ha-1, total revenues were $916 ha-1, and total margin 

above weed management cost was $513 ha-1 for the XtendFlex® PRE only system 

(Table 4.3). 

 In 2018, the most consistent season-long Palmer amaranth control was 

achieved with the XtendFlex® system and did not require any cultivation or hoeing 

(Table 4.1). Cahoon et al. (2015) and Cavaca et al. (2020) found that two POST 

applications of dicamba + glyphosate controlled Palmer amaranth 99% at the end of 

the season. Everman et al. (2007) found that one EPOST application of glufosinate 

alone controlled Palmer amaranth 89% and glufosinate applied with prometryn 

controlled Palmer amaranth 93% at the end of the season. Roundup Ready® and 

XtendFlex® PRE only systems weed control were not different after cultivation and 

hand-hoeing to remove Palmer amaranth that escaped glyphosate applications. 

Sosnoskie and Culpepper (2014) found that increased populations of glyphosate-

resistant Palmer amaranth forced the use of residual herbicides, cultivation, and hand-

weeding to successfully control glyphosate-resistant Palmer amaranth. This led to an 

increase in weed management variable cost using a glyphosate-based system. Season-
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long Palmer amaranth control was least effective with the conventional system (Table 

4.1). In-season irrigation, lack of herbicide use, and escaped weeds from cultivation 

and hand-hoeing could have contributed to decreased Palmer amaranth control. 

 Although there were no differences in the XtendFlex®, Roundup Ready®, and 

the XtendFlex® PRE only systems, there was a trend towards higher lint yields with 

the XtendFlex® system in 2018 (Table 4.2). Lint yield and total revenues for the 

Roundup Ready®, LibertyLink®, and XtendFlex® PRE only, and conventional systems 

were not different. Total variable costs were highest with the XtendFlex PRE® only 

system due to seed, herbicide, cultivation, and hand-hoeing costs (Table 4.3). 

XtendFlex®, LibertyLink®, conventional, and Roundup Ready® systems had total 

variable costs that were not different. Although total margin above weed management 

costs were not different across these systems, the XtendFlex® and LibertyLink® 

systems have higher seed/technology and herbicide cost compared to the Roundup 

Ready® and conventional systems that have lower seed/technology and herbicide cost, 

but higher cultivation and hand-hoeing costs. Although there were no  

differences across all systems in 2018, the XtendFlex® system trended towards higher 

total margin above weed management costs.  

Dryland 2018 

 In 2018 dryland production, Palmer amaranth was controlled 98% and 100% 

14 and 28 DAT, respectively, in the XtendFlex® system with dicamba, glyphosate + 

acetochlor applied EPOST (Table 4.4). No cultivation or hand-hoeing was needed for 

this system to maintain season-long Palmer amaranth control. variable costs for the 
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XtendFlex® system included $158 ha-1 for seed/technology and $103 ha-1 for 

herbicides, for a total weed management variable cost of $261 ha-1 (Table 4.5). Lint 

yield for the XtendFlex® system was 354 kg ha-1, total revenue was $382 ha-1, and 

total margin above weed management cost for this system was $121 ha-1 (Table 4.6). 

Palmer amaranth was controlled 74% and 78% 14 to 28 DAT, respectively, in 

the LibertyLink® system with glufosinate + acetochlor applied POST (Table 4.4). No 

cultivation or hand-hoeing was used to maintain weed control. Variable costs for the 

LibertyLink® system included $158 ha-1 for seed/technology, $115 ha-1 for herbicides, 

for a total weed management variable cost of $273 ha-1 (Table 4.5). Lint yield for this 

system was 295 kg ha-1, total revenue was $318 ha-1, and total margin above weed 

management cost for this system was $45 ha-1 (Table 4.6). 

Palmer amaranth was controlled 74% 14 DAT in the Roundup Ready® system 

with glyphosate + acetochlor applied POST (Table 4.4). Cultivation and hand-hoeing 

were performed 14 DAT to remove escaped weeds. Palmer amaranth was controlled 

89% 28 DAT with the addition of cultivation and hand-hoeing. Variable costs for the 

Roundup Ready® system included $91 ha-1 for seed, $79 ha -1 for herbicides, $40 ha-1 

for cultivation, and $47 ha-1 for hand-hoeing. The total weed management variable 

costs for this system were $257 ha-1 (Table 4.5). Lint yield for this system was 378 kg 

ha-1, total revenue was $307 ha-1, and total margin above weed management cost for 

this system was $50 ha-1 (Table 4.6). 

Palmer amaranth was controlled 83% and 85% 14 and 28 DAT, respectively, 

in the conventional system using cultivation and hand-hoeing (Table 4.4). Acetochlor 
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was applied with other POST treatments for residual weed control. Variable costs for 

this system included $62 ha-1 for seed/technology, $55 ha-1 for herbicides, $40 ha-1 for 

cultivation, and $45 ha-1 for hand-hoeing. The total weed management variable costs 

for the conventional system were $202 ha-1 (Table 4.5). Lint yield for this system was 

250 kg ha-1, total revenue was $262 ha-1, and total margin above weed management 

cost was $60 ha-1 (Table 4.6). 

Palmer amaranth was controlled 87% 14 DAT in the XtendFlex® PRE only 

system using glyphosate + acetochlor applied POST (Table 4.4). The addition of 

cultivation and hand-hoeing 14 DAT controlled Palmer amaranth 91% 28 DAT. 

variable costs for the XtendFlex® PRE only system included $158 ha-1 for 

seed/technology, $96 ha-1 for herbicides, $40 ha-1 for cultivation, and $17 ha-1 for 

hand-hoeing. The total variable cost for this system was $311 ha-1 (Table 4.5). Lint 

yield for this system was 339 kg ha-1, total revenue was $368 ha-1, and gross margin 

above weed management cost was $57 ha-1 for the XtendFlex® PRE system (Table 

4.6). 

 The most consistent season-long Palmer amaranth control was achieved with 

the XtendFlex® system and did not require any cultivation or hand-hoeing (Table 4.4). 

The LibertyLink® had the least effective season-long Palmer amaranth control. 

Cahoon et al. 2015 found that POST applications of glufosinate controlled Palmer 

amaranth 79% 14 DAT and 72% at the end of the season. Dry conditions and 

hardened-off Palmer amaranth could have influenced efficacy using glufosinate. The 

Roundup Ready® and XtendFlex® PRE only systems were not different with weed 
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control after cultivation and hand-hoeing to remove Palmer amaranth that escaped 

glyphosate applications (Table 4.4). Lint yields and total revenues were not different 

across systems in 2018 dryland production (Table 4.5). Only one POST application 

was made in 2018 dryland production for Palmer amaranth control. Total variable 

costs were highest with the XtendFlex® PRE only system due to seed/technology, 

herbicide, cultivation, and hand-hoeing costs (Table 4.6). XtendFlex® and 

LibertyLink® systems have greater seed/technology and herbicide cost compared to 

the Roundup Ready® and conventional systems that have reduced seed/technology and 

herbicide cost, but greater cultivation and hand-hoeing costs. Greatest gross margin 

above weed management cost was achieved with the XtendFlex system in 2018 

dryland production (Table 4.6).  

Irrigated 2019 

 In 2019 irrigated production, Palmer amaranth was controlled 98% and 97% 

14 and 28 DAT, respectively, in the XtendFlex® system using dicamba + glyphosate 

applied EPOST (Table 4.7). A sequential treatment of dicamba + glyphosate + 

acetochlor MPOST controlled Palmer amaranth 100% 28 DAT. No cultivation or 

hand-hoeing was needed for this system to maintain season-long Palmer amaranth 

control. Variable costs for the XtendFlex® system included $158 ha-1 for 

seed/technology and $151 ha-1 for herbicides, for a total weed management variable 

cost of $309 ha-1 (Table 4.8). Lint yield for the XtendFlex® system was 459 kg ha-1, 

total revenue was $503 ha-1, and gross margin above weed management cost for this 

system was $351 ha-1 (Table 4.9). 
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Palmer amaranth was controlled 92% and 68% 14 and 28 DAT, respectively, 

in LibertyLink® system with glufosinate applied EPOST (Table 4.7). A sequential 

treatment of glufosinate + acetochlor was applied MPOST. Cultivation and hand-

hoeing was performed 14 DAT to controlled Palmer amaranth 91% 28 days after 

MPOST treatment. Variable costs for the LibertyLink® system included $158 ha-1 for 

seed/technology and $176 ha-1 for herbicides, $40 ha-1 for cultivation, and $195 ha-1 

for hand-hoeing, for a total weed management variable cost of $569 ha-1 (Table 4.8). 

Lint yield for this system was 288 kg ha-1, total revenue was $319 ha-1, and gross 

margin above weed management cost for this system was $-250 ha-1 (Table 4.9). 

Palmer amaranth was controlled 85% 14 and 28 DAT with cultivation and 

hand-hoeing (Table 4.7). Acetochlor was applied to this system when all MPOST 

treatments were applied. Palmer amaranth was controlled 83% 28 days after the 

second cultivation and hand-hoeing event. Variable costs for this system included $62    

ha-1 for seed/technology, $55 ha-1 for herbicides, $40 ha-1 for cultivation, and $151   

ha-1 for hand-hoeing. The total weed management variable cost for the conventional 

system was $308 ha-1 (Table 4.8). Lint yield for this system was 691 kg ha-1, total 

revenue was $799 ha-1, and gross margin above weed management cost was $491 ha-1 

(Table 4.9). 

 The most consistent season-long Palmer amaranth control was achieved with 

the XtendFlex® system (Table 4.7). Cahoon et al. 2015 and Cavaca et al. 2020 found 

that two POST applications of dicamba + glyphosate controlled Palmer amaranth 99% 

at the end of the season. The XtendFlex® system did not require any cultivation or 
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hand-hoeing, while the conventional system relied on tillage and hand-hoeing 

combined with residual herbicides PPI, PRE, and mid-season to control Palmer 

amaranth. The LibertyLink® system required rescue cultivation and hand-hoeing to 

remove Palmer amaranth that escaped glufosinate applications in 2019. The Roundup 

Ready® and XtendFlex® PRE only systems weed control was not different due to 

Palmer amaranth that escaped glyphosate applications; therefore, these plots were not 

harvested. The least effective season-long Palmer amaranth control was with the 

Roundup Ready® and XtendFlex® PRE only systems (Table 4.7).  

Lint yields were not different and highest total revenues were achieved with 

the XtendFlex® and conventional systems in 2019 irrigated production (Table 4.9). 

The Roundup Ready® and XtendFlex® PRE only systems were not harvestable in 2019 

irrigated production. Early-season rainfall, weed pressure, and low glyphosate efficacy 

POST contributed to Palmer amaranth competition with cotton plants in these systems. 

Total variable costs were highest with the LibertyLink® system (Table 4.9). 

The XtendFlex® and conventional systems total variable costs were not different. 

Although weed management variable costs were not different with the XtendFlex® 

and conventional systems, the XtendFlex® system had greater seed/technology and 

herbicide costs compared to the conventional systems that had lower seed/technology 

and herbicide costs, but greater cultivation and hand-hoeing costs (Table 4.8). The 

addition of cultivation and hand-hoeing increased the weed management variable costs 

for the LibertyLink® system. Greatest gross margin above weed management cost was 
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achieved with the XtendFlex® system in 2019 irrigated production and was the only 

system to have a positive gross margin above weed management cost (Table 4.9) 

Dryland 2019 

 In 2019 dryland production, Palmer amaranth was controlled 96% and 100% 

14 and 28 DAT, respectively, in the XtendFlex® system with dicamba + glyphosate 

applied EPOST (Table 4.10). A sequential application of dicamba + glyphosate + 

acetochlor MPOST controlled Palmer amaranth 100% 28 DAT. Cultivation and hand-

hoeing were not needed for this system to maintain season-long Palmer amaranth 

control. variable costs for the XtendFlex® system included $158 ha-1 for 

seed/technology and $151 ha-1 for herbicides, for a total weed management variable 

cost of $309 ha-1 (Table 4.11). Lint yield for the XtendFlex® system was 338 kg ha-1, 

total revenue was $351 ha-1, and gross margin above weed management cost for this 

system was $42 ha-1 (Table 4.12). 

Palmer amaranth was controlled 94% and 81% 14 and 28 DAT, respectively, 

with glufosinate applied EPOST (Table 2.10). A sequential treatment of glufosinate + 

acetochlor MPOST combined with cultivation and hand-hoeing 14 DAT controlled 

Palmer amaranth 91% 28 DAT. Variable costs for the LibertyLink® system included 

$158 ha-1 for seed/technology, $176 ha-1 for herbicides, $40 ha-1 for cultivation, and 

$80 ha-1 for hand-hoeing for a total weed management variable cost of $505 ha-1. Lint 

yield for this system was 248 kg ha-1, total revenue was $267 ha-1, and gross margin 

above weed management cost for this system was $-238 ha-1 (Table 4.12). 
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Palmer amaranth was controlled 91% and 100% 14 and 28 DAT using early-

season cultivation and hand-hoeing (Table 4.10). Acetochlor was applied to this 

system when all MPOST treatments were applied, combined with mid-season 

cultivation and hand-hoeing to control Palmer amaranth 96% 28 DAT. Variable costs 

for this system included $62 ha-1 for seed/technology, $55 ha-1 for herbicides, $40 ha-1 

for cultivation, and $80 ha-1 for hand-hoeing. The total weed management variable 

cost for the conventional system was $340 ha-1 (Table 4.11). Lint yield for this system 

was 268 kg ha-1, total revenue was $290 ha-1, and gross margin above weed 

management cost was $-50 ha-1 (Table 4.12). The Roundup Ready® and XtendFlex® 

PRE only systems were not harvested in 2019 irrigated production.   

 The most consistent season-long Palmer amaranth control was achieved with 

the XtendFlex® system (Table 4.10). Cavaca et al. (2020) found that two POST 

applications of dicamba + glyphosate offered Palmer amaranth control of 99% at the 

end of the season. The conventional system offered in-season Palmer amaranth control 

(91% to 100%) using residual herbicides PPI, PRE, and mid-season combined with in-

season cultivation and hand-hoeing. The LibertyLink® system required rescue 

cultivation and hand-hoeing to remove Palmer amaranth that escaped glufosinate 

applications. Roundup Ready® and XtendFlex® PRE only systems had weed control 

that was not different due to Palmer amaranth that escaped POST glyphosate 

applications and plots were not harvested.  

Total revenues were not different with the XtendFlex®, LibertyLink®, and 

conventional systems (Table 4.12). Highest total variable cost was with the 
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LibertyLink® system. The addition of cultivation and hand-hoeing increased the weed 

management variable cost for the LibertyLink® system (Table 4.11). XtendFlex® and 

conventional total variable costs were not different. Although weed management costs 

were not different with the XtendFlex® and conventional systems, the XtendFlex® 

system had greater seed/technology and herbicide costs compared to the conventional 

systems that have lower seed/technology and herbicide cost, but greater cultivation 

and hand-hoeing costs. Gross margin above weed management costs were not 

different with the systems in 2019 irrigated production; however, the XtendFlex® 

system was the only systems to achieve a positive gross margin above weed 

management cost (Table 4.12).  
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Table 4.1.  Palmer amaranth control with irrigated production in 2018.a 

 

 Treatmentsa  EPOST MPOST  

System EPOSTb MPOST 14 DAT 28 DAT 14 DAT  

   ----------------- % ------------------  

XtendFlex glyphosate + dicamba glyphosate + dicamba 

+ acetochlor 

99 a 100 a 100 a  

LibertyLink glufosinate glufosinate + acetochlor 99 a 93 b 95 b  

Roundup Ready glyphosate glyphosate + acetochlor 85 b 96 ab 94 b  

Conventional - - 85 b 86 c 83 c  

XtendFlex PRE only glyphosate glyphosate +acetochlor 87 b 95 ab 96 b  
aHerbicide rates listed in Table 3.3. 
bAbbrevitions: EPOST, early-postemergence; MPOST, mid-postemergence; DAT, days after treatment. 
cMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD test at α ˂ 

0.05. 
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Table 4.2.  Weed management variable costs for irrigated production in 2018. 

 

Systems Seed/Technology Herbicides Cultivation Hand-hoeing  

 ------------------------------- $ ha-1 ----------------------------------- 

Untreated 62 - - -  

XtendFlex 158  151 - -  

LibertyLink 158  176 - -  

Roundup Ready 91  104 40 68 ca  

Conventional 62  55 40 151 a  

XtendFlex PRE 158   140 40 90 b  
aMeans within a column followed by the same letter are not different according to Fisher’s 

Protected LSD test at α ˂ 0.05. 

Table 4.3.  Lint yields, total revenue, total variable cost, and gross margin over weed management cost for 

irrigated production in 2018. 

 

System Lint Yield Total Revenue Total Variable Cost Gross Margin 

 kg ha-1 ---------------------------- $ ha-1 ---------------------------- 

XtendFlex 915 aa 1031 a 309 b 722 a 

LibertyLink 755 b 851 a 334 b 527 bc 

Roundup Ready 822 ab 927 a 303 b 624 ab 

Conventional  691 b 799 a 308 b 491 c 

XtendFlex PRE 793 ab 916 a 403 a 513 bc 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD 

test at α ˂ 0.05. 
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Table 4.4.  Palmer amaranth weed control in dryland production in 2018. 

 Treatmenta MPOST  

System MPOSTb 14 DAT 28 DAT  

  ---------- % ---------- 

XtendFlex glyphosate + dicamba  

+ acetochlor 

99 a 100 a 

LibertyLink glufosinate + acetochlor 74 c 78 d 

Roundup Ready glyphosate + acetochlor 74 c 89 bc 

Conventional - 92 ab 85 c 

XtendFlex PRE only glyphosate + acetochlor 87 b 91 b 
aApplication rates listed in Table 3.3. 
bAbbrevitions: EPOST, early-postemergence; MPOST, mid-postemergence; 

DAT, days after treatment. 
c Means within a column followed by the same letter are not different according 

to Fisher’s Protected LSD test at α ˂ 0.05. 
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Table 4.5.  Weed management variable costs for dryland production in 2018. 

Systems Seed/Technology Herbicides Cultivation Hand-hoeing  

 ------------------------------- $ ha-1 ------------------------------------- 

Untreated 62 - - -  

XtendFlex 158  103 - -  

LibertyLink 158  115 - -  

Roundup Ready 91  79 40 47 aa  

Conventional 62  55 40 45 a  

XtendFlex PRE 158   196 40 17 b  
aMeans within a column followed by the same letter are not different according to Fisher’s 

Protected LSD test at α ˂ 0.05. 

Table 4.6.  Lint yields, total revenue, total variable cost, and gross margin over weed management cost for 

dryland production in 2018.a 

System Lint Yield Total Revenue Total Variable Cost Gross Margin 

 kg ha-1 ---------------------------- $ ha-1 ---------------------------- 

XtendFlex 354 aa 382 a 261 b 121 a 

LibertyLink 295 a 318 a 273 b 45 b 

Roundup Ready 278 a 307 a 257 b 50 b  

Conventional  250 a 262 a 202 b 60 b 

XtendFlex PRE 339 a 368 a 311 a 57 b 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD 

test at α ˂ 0.05. 
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Table 4.7.  Palmer amaranth control for irrigated production in 2019. 

  Treatmentsa   EPOST MPOST  

System EPOSTb MPOST 14 DAT 28 DAT 14 DAT  

   ----------------- % ------------------  

XtendFlex glyphosate + dicamba glyphosate + dicamba + 

acetochlor 

98 a 97 a 100 a  

LibertyLink glufosinate glufosinate + acetochlor 92 b 68 c 91 a  

Roundup Ready glyphosate glyphosate + acetochlor 95 ab 59 c 58 b  

Conventional - - 94 ab 89 b 94 a  

XtendFlex PRE only glyphosate glyphosate + acetochlor 93 b 76 bc 45 b  
aApplication rates listed in Table 3.3. 
bAbbrevitions: EPOST, early-postemergence; MPOST, mid-postemergence; DAT, days after treatment. 
cMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD test at α ˂ 0.05.  
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Table 4.8.  Weed management variable costs for irrigated production in 2019. 

Systems Seed/Technology Herbicides Cultivation Hand-hoeing  

 --------------------------------- $ ha-1 ---------------------------------------- 

      

XtendFlex 158  151 - -  

LibertyLink 158  176 40 195 aa  

Roundup Ready 91  - - -   

Conventional 62  55 59 189 a  

XtendFlex PRE 158   - - -  
aMeans within a column followed by the same letter are not different according to Fisher’s 

Protected LSD test at α ˂ 0.05. 

 

Table 4.9.  Lint yields, total revenue, total variable cost, and gross margin over weed management cost for 

irrigated production in 2019. 

System Lint Yield Total Revenue Total Variable Cost Gross Margin 

 kg ha-1 ---------------------------- $ ha-1 ---------------------------- 

XtendFlex 459 aa 503 a 309 b 351 a 

LibertyLink 288 b 319 b 569 a -250 c 

Roundup Ready - - - - 

Conventional  410 ab 437 a 365 b 72 b 

XtendFlex PRE - - - - 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD 

test at α ˂ 0.05. 
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Table 4.10.  Palmer amaranth control for dryland production in 2019. 

 Treatmentsa  EPOST MPOST  

System EPOSTb MPOST 14 DAT 28 DAT 14 DAT  

   ------------------ % ------------------

- 

 

XtendFlex glyphosate + dicamba glyphosate + dicamba  

+ acetochlor 

96 a 100 a 100 a  

LibertyLink glufosinate glufosinate + 

acetochlor 

94 a 81 c 91 a  

Roundup Ready glyphosate glyphosate + acetochlor 97 a 73 b 68 b  

Conventional - - 91 ab 100 a 96 a  

XtendFlex PRE only glyphosate glyphosate + acetochlor 78 b 54 c 49 c  
aApplication rates listed in Table 3.3.  
bAbbrevitions: EPOST, early-postemergence; MPOST, mid-postemergence; DAT, days after treatment 
cMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD test at 

α ˂ 0.05. 
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Table 4.11.  Weed control variable costs for dryland production in 2019. 

Systems Seed/Technology Herbicides Cultivation Hand-hoeing  

 ------------------------------------ $ ha-1 -------------------------------- 

XtendFlex 158  151  - - 

LibertyLink 158  176  40  131 ba 

Roundup Ready 91  - - - 

Conventional 62  55  59  164 a 

XtendFlex PRE 158   - - - 
aMeans within a column followed by the same letter are not different according to Fisher’s 

Protected LSD test at α ˂ 0.05. 

 

Table 4.12.  Lint yield, total revenue, total variable cost, and gross margin over weed management cost for 

dryland production in 2019. 

System Lint Yield Total Revenue Total Variable Cost Gross Margin 

 kg ha-1 ---------------------------- $ ha-1 ---------------------------- 

XtendFlex 338 aa 351 a 309 b 42 a 

LibertyLink 248 a 267 a 505 a -238 b 

Roundup Ready - - - - 

Conventional  268 a 290 a 217 b -17 ab 

XtendFlex PRE - - - - 
aMeans within a column followed by the same letter are not different according to Fisher’s Protected LSD 

test at α ˂ 0.05. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

 

In 2018 irrigated and dryland production, the most consistent season-long 

Palmer amaranth [Amaranthus palmeri (S.)] control was achieved with the 

XtendFlex® system. In 2019 irrigated and dryland production, the XtendFlex® and 

conventional systems achieved the greatest season-long Palmer amaranth control. The 

conventional system controlled Palmer amaranth 91% to 100% using in-season 

cultivation and hand-hoeing combined with residual herbicides preemergence and 

mid-season in 2019 dryland production but did not perform as well in 2018. In 2018 

and 2019, the XtendFlex system did not require any cultivation or hand-hoeing, while 

the conventional system relied on cultivation and hand-hoeing combined with residual 

herbicides to maintain season-long Palmer amaranth control. Low relative-humidity, 

rainfall, and high temperatures could have contributed to the reduced efficacy using 

glufosinate in dryland systems. 

In 2018 irrigated and dryland production, the XtendFlex® PRE only system 

included the greatest variable costs due to seed, herbicide, cultivation, and hand 

hoeing costs. All other systems total variable costs were not different in 2018. In 2019, 

the LibertyLink system had the greatest variable costs due to rescue cultivation and 

hand-hoeing in irrigated and dryland production to remove weeds that escaped 

glufosinate applications, which significantly increased total variable costs compared to 

2018. Early season rainfall and weed pressure could have contributed to the need of 
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rescue cultivation and hand-hoeing in the 2019 LibertyLink® system. The XtendFlex® 

system included greater seed/technology and herbicide costs, while the conventional 

system had lower seed/technology and herbicide costs, but greater cultivation and 

hand-hoeing costs in both years and production types.  

Lint yields were not different with the XtendFlex®, Roundup Ready®, and 

XtendFlex® PRE only systems and total revenues were not different across all systems 

for irrigated production in 2018. In 2018 dryland production, lint yields and total 

revenues were not different across all systems. Lint yields in 2019 were not different 

with the XtendFlex® and conventional systems, which were the systems that 

minimized Palmer amaranth competition throughout the season in irrigated and 

dryland production.  

Gross margin above weed management costs were not different with the 

XtendFlex®, Roundup Ready®, and XtendFlex® PRE only systems in 2018 irrigated 

production. In 2018 dryland production, the greatest gross margin above weed 

management cost was achieved with the XtendFlex® system. In 2018, the Roundup 

Ready® offered greater Palmer amaranth control (85% to 96%), lint yield, and gross 

margin above weed management cost, for irrigated production, but did not perform as 

well in 2019. In 2019 irrigated production, the only systems to achieve positive gross 

margin above weed management cost were the XtendFlex® and conventional systems. 

The only system to produce a positive gross margin above weed management cost in 

2019 dryland production was the XtendFlex® system although the conventional 

system had weed control from 91% to 100% throughout the season. In 2019, the 
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Roundup Ready® and XtendFlex® PRE only systems were not harvested, and the 

LibertyLink® system produced a negative gross margin above weed management cost 

in 2019 irrigated and dryland production due to additional cost from rescue cultivation 

and hand-hoeing. 

The results of this study would conclude that trifluralin fb prometryn fb 

dicamba + glyphosate fb dicamba + glyphosate + acetochlor (XtendFlex® system) 

offers the most consistent season-long Palmer amaranth control, variable costs, lint 

yields, and gross margin above weed management cost in both irrigated and dryland 

production compared to the other systems that were tested. The XtendFlex® system 

was the only system that utilized more than one mode of action to control Palmer 

amaranth POST in cotton. The use of residual herbicides PPI, PRE, and in-season, 

along with the combination of dicamba + glyphosate POST could extend the viability 

of this system compared to systems that only use one mode of action POST such as 

the Roundup Ready® or XtendFlex® PRE only systems. 
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