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ABSTRACT 

Palmer amaranth (Amaranthus palmeri S. Wats.) is the most common weed on 

the Texas High Plains.  Residual herbicides are typically used in conjunction with 

glyphosate to control this weed, but weed shifts have been observed following 

continued use in a “glyphosate” system.  Weeds such as ivyleaf morningglory 

[Ipomoea hederacea (L.) Jacq.] are now problematic in parts of this region.  GlyTol® 

+ LibertyLink® (GL) cotton offers opportunities to manage weeds such as ivyleaf 

morningglory while maintaining effective control of Palmer amaranth.  However, 

there are concerns about antagonism between glyphosate and glufosinate when tank-

mixed. 

Field trials were conducted in Lubbock, TX in 2010 and 2011 to evaluate tank-

mix combinations of glyphosate and glufosinate in GL cotton for control of Palmer 

amaranth and ivyleaf morningglory.  Field trials included glyphosate and glufosinate 

applied at varying tank-mix rates (1X:1X, 1X:0.75X, 1X:0.5X, 1X:0.25X and 1X:0X 

for each herbicide), proportional tank-mix rates (1X:0X, 0.75X:0.25X, 0.5X:0.5X, 

0.25X:0.75X, and 0X:1X), and in sequential applications of both herbicides in an 

overall weed management system.   

Greenhouse studies were conducted in 2011 to quantify antagonistic or 

synergistic effects.  Treatments included an untreated control; glyphosate at 0.84, 0.63, 

0.42, and 0.21 kg ae ha-1; glufosinate at 0.58, 0.44, 0.29, and 0.15 kg ai ha-1; and all 

tank-mix combinations of each herbicide rate.  Dry weights were converted to percent 

growth values for each rate of the two herbicides alone and these values were used to 
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calculate expected responses of tank-mix combinations using Colby’s Method.  

Expected values were compared to observed percent growth values using an 

augmented mixed-model method. 

Results of field studies indicated that tank-mixes of glyphosate and glufosinate 

were less effective at controlling Palmer amaranth than glyphosate applied alone.  The 

addition of any rate of glufosinate to a 1X rate of glyphosate reduced Palmer amaranth 

control compared to glyphosate alone.  Greenhouse studies confirmed antagonism 

seen in the field.     

Tank mixes of glyphosate and glufosinate were as effective at controlling 

ivyleaf morningglory as glufosinate alone.  The addition of any rate of glyphosate to a 

1X rate of glufosinate did not affect control of ivyleaf morningglory.  Greenhouse 

studies suggested low levels of antagonism with some tank-mix treatments and no 

antagonism in other treatments.  The data from field and greenhouse studies on ivyleaf 

morningglory suggest some antagonism with glyphosate/glufosinate tank-mixes, but 

not to the degree seen in Palmer amaranth.  These results indicate that sequential 

applications of these two herbicides are a better option for Palmer amaranth and 

ivyleaf morningglory weed management.
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CHAPTER I 

INTRODUCTION 

Cotton (Gossypium hirsutum L.) is an economically important crop in the 

United States.  In 2010, over 4.3 million hectares of cotton were harvested, which 

produced over 18.1 million bales of cotton lint.  This is only slightly less than record 

production in 2005 (NASS, 2012a).  In 2010, Texas produced 43% of all the cotton in 

the United States with a value of over $3 billion (NASS, 2012b).   

Weeds are a major constraint to profitable cotton production competing for 

nutrients, water, and light and reducing lint yields (Stuart et al., 1984).  Weeds may 

negatively impact cotton production by reducing cotton fiber quality, increasing 

production costs, interfering with harvest, and by serving as hosts for insects, plant 

pathogens, and nematodes.  In 1985, the estimated annual loss caused by the ten most 

frequently reported weeds in United States cotton was 716,100 bales or $188 million 

(Chandler and Cooke Jr., 1992).  While a significant amount of research has been 

devoted to estimating yield losses due to direct competition from weeds, other 

research has focused on the cost of controlling weeds and the potential losses from a 

lack of effective management.  In 1976, the United States cotton crop was over 2 

billion kilograms of lint valued at $3.3 billion.  Abernathy (1981) estimated that 8.3 

million kilograms of herbicides were used to produce the 1976 cotton crop.  Without 

these herbicides, weed competition may have reduced cotton lint yields by 32%.  

Another 3% yield reduction would have been expected from weeds because of 

reduced cotton quality and an additional 5% reduction may have occurred because of 
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harvest complications and loss.  Overall, a 40% reduction in yield might have occurred 

leading to a loss of $316 per hectare if only cultural, mechanical, and hand labor 

methods were used for weed management.   

Approximately 30 plant species that infest cotton fields in the United States are 

economically important weeds.  Just 10 of those weeds are responsible for almost 75% 

of the losses in United States cotton.  These 10 weeds are:  morningglory species 

(Ipomoea spp.), common cocklebur (Xanthium strumarium L.), pigweed species 

(Amaranthus spp.), Johnsongrass [Sorghum halepense (L.) Pers.], nutsedge species 

(Cyperus spp.), bermudagrass [Cynodon dactylon (L.) Pers.], prickly sida (Sida 

spinosa L.), silverleaf nighshade (Solanum elaeagnifolium Cav.), croton species 

(Croton spp.), and sicklepod [Cassia obtusifolia (L.) H.S. Irwin & Barneby] (Frans 

and Chandler, 1989).   

Amaranthus and morningglory species are particularly troublesome weeds for 

cotton producers due to their ability to cause significant yield loss and profit reduction 

if not properly managed.  In 2002, these two weeds were estimated to have reduced 

cotton yields by 12% nationwide and in Texas, respectively (Byrd Jr., 2003).  Both 

weeds compete with cotton throughout the growing season.  Competitive infestations 

may result in lower levels of available water and nutrients for the developing cotton 

plant and decreased light availability due to shading leading to decreased lint 

production and quality.  In addition to the yield losses caused by these two weeds, 

losses from delayed or complicated harvest also can be significant (Parvin et al., 1985; 

Smith et al., 2000).  Large amaranth plants or massive morningglory entanglements 
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can clog harvest equipment, which increases clean-out time and reduces harvest 

efficiency. 

Current management strategies for Amaranthus and morningglory species 

control in cotton depend on cultivation and chemical methods.  Herbicides are 

typically preferred due to their partial or complete selectivity and usefulness in 

conservation agriculture.  A number of herbicides have been used in cotton to control 

weeds, but several genetic transformations in cotton have allowed for the 

postemergence (POST) use of non-selective herbicides in cotton.  Since 2006, 

Roundup Ready® Flex cotton has been available to producers as a tool for controlling 

weeds in cotton.  Roundup Ready® Flex technology allows producers to apply 

glyphosate POST any time during the growing season to effectively control most 

herbaceous weeds while leaving the crop unaffected.   

Roundup Ready® cotton technology has found widespread acceptance and 

almost every commercial cotton seed company has incorporated this technology into 

most of their current commercial lines.  In 2010, Roundup Ready® cotton cultivars 

were planted on over 90% of the hectares in Texas and over 91% of cotton hectares in 

the United States (USDA-AMS, 2010).  The ability to control a wide range of weeds 

with glyphosate has been an effective and economical method for many producers as 

evidenced by current seed use trends.  Several weed species, including johnsongrass, 

woollyleaf bursage [Ambrosia grayi (A. Nels.) Shinners], and field bindweed 

(Convolvulus arvensis L.) have declined since this technology has been introduced 

(Anonymous, 2002). 
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Glufosinate-tolerant cotton was commercialized in 2004 and was branded 

LibertyLink® cotton, which allowed producers to apply glufosinate (a non-selective 

herbicide) POST to manage a variety of annual weeds.  This herbicide is effective at 

controlling a number of annual weeds if applied at the proper weed stage.  However, 

control of certain weeds such as Amaranthus species with glufosinate has been 

inconsistent, especially under poor growing conditions (Steckel et al., 1997; York and 

Culpepper, 2004).  Glufosinate is effective at controlling morningglory, which is not 

consistently controlled with glyphosate (Culpepper et al., 2000). 

New proprietary glyphosate-tolerant cotton cultivars carrying the trade name 

GlyTol® were commercialized in 2010.  Cotton cultivars containing both GlyTol® and 

LibertyLink® traits were developed and commercialized as GlyTol® + LibertyLink® 

(GL) cotton in 2011.  GlyTol® + LibertyLink® technology offers producers the 

potential to manage weeds in cotton with over-the-top applications of two herbicides 

with two different mechanisms of action.  This application flexibility may allow 

producers to better manage weeds with either herbicide alone and may minimize the 

risk of developing herbicide-resistant weed populations.  However, the benefits of 

such added weed management flexibility are not well understood.  Therefore, the 

objectives of this study were to 1) identify potential synergistic or antagonistic effects 

on weed species in the Texas High Plains following tank-mix combinations of 

glyphosate and glufosinate in GlyTol® + LibertyLink® cotton, 2) determine the most 

effective sequential applications for glyphosate and glufosinate in GlyTol® + 

LibertyLink® cotton to manage Palmer amaranth (Amaranthus palmeri S. Wats.) and 
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ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.], and 3) quantify synergistic or 

antagonistic effects observed in field trials in controlled greenhouse studies.
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CHAPTER II 

LITERATURE REVIEW 

History of Weed Management in Cotton 

 Weeds have been a production problem in cotton for as long as historical 

records have been kept.  Early producers and researchers were aware that cotton does 

not compete well with weeds and will not grow well unless the full energy of the soil 

is available for only cotton (Lyman, 1866).  Early weed control was accomplished by 

hand-hoeing, which was often performed by slaves or later, low-paid workers in large 

groups.  By the early 1900s, this practice had become an expensive but necessary 

practice to keep weeds from competing with cotton (Brown, 1927).  Later innovations, 

however, began to shift the practice of weed control away from hand-hoeing to 

cultivation and eventually to herbicides. 

 In the United States, row cropping began with simple horse-drawn equipment.  

Row-cropping made it easier to cultivate between the crop and manage weeds between 

rows.  However, the shift to improved cropping methods was slow until mechanized 

forms of power became available.  Improved row-cropping began to popularize as 

soon as advances in mechanized agriculture took place.  From 1930 to 1965, new 

types of equipment such as cultivators, shredders, disks, listers, moldboard plows, and 

sweeps replaced hand-labor and improved the amount and type of work that could be 

done in cotton fields (Smith, 1950).  The introduction of mechanization and row 

cropping marked a significant turning point in two economically associated 
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components of cotton production: weed control and harvesting.  Prior to 

mechanization, both of these components required large numbers of farm-laborers in 

order to accomplish tasks over large acreages and typically, laborers had adequate 

employment most of the year.  However, as cultivation and harvesting equipment 

replaced farm laborers, large numbers of laborers moved to urban areas.  This 

fundamental population shift drastically changed the economics of weed control.  The 

rising price of hand labor since the early 1900s may have led to significant production 

problems had not innovative chemical methods of weed control been developed in the 

1950s. 

 The use of herbicides in cotton began in the 1950s with the use of herbicidal 

naphthas.  These chemicals were petroleum fractions composed of 18 to 25% aromatic 

compounds and the remaining fractions comprised of various oils.  Naphthas were 

inexpensive and extremely phytotoxic to weeds.  For several years, these chemicals 

were the most effective products available for controlling weeds postemergence 

(POST) in cotton.  They were especially effective on young grasses and broadleaf 

weeds, but had to be applied as “spot” treatments as they were non-selective and 

phytotoxic to cotton  (Holstun and McWhorter, 1965).  The use of naphthas quickly 

declined as more effective, inexpensive, and selective herbicides were developed at 

the end of the 1950s and early 1960s.   

Several important herbicides such as diruon [N′-(3,4-dichlorophenyl)-N,N-

dimethylurea] (which is still registered today), chlorpropham [1-methylethyl N-(3-

chlorophenyl)carbamate], and dalapon (2,2-dichloropropanoic acid) were developed in 
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the 1950s, which allowed for selective control of broadleaf weeds in cotton.  However, 

such herbicides were still moderately to highly phytotoxic to cotton and therefore did 

not gain widespread acceptance.  In 1963, two herbicides were developed that 

significantly changed weed control in cotton.  Trifluralin [2,6-dinitro-N,N-dipropyl-4-

(trifluoromethyl)benzenamine] was developed as a preemergence (PRE) herbicide that 

selectively controlled annual grass and small-seeded broadleaf weeds in a number of 

crops.  In cotton, trifluralin could be applied preplant and incorporated with standard 

preparation equipment to effectively control grasses and small-seeded broadleaf 

weeds.   

Mono-sodium methyl arsenic acid (MSMA) was developed that same year, 

which allowed for POST applications to control annual grasses, johnsongrass 

[Sorghum halepense (L.) Pers.], and nutsedge (Cyperus spp.) with minimal crop 

injury.  The precise selectivity and effectiveness of these two herbicides led to their 

widespread acceptance in the 1960s.  A number of other herbicides that were of great 

economic benefit to cotton producers were introduced in the 1960s including linuron 

[N′-(3,4-dichlorophenyl)-N-methoxy-N-methylurea], fluometuron [N,N-dimethyl-N′-

[3-(trifluoromethyl)phenyl]urea], prometryn [N,N′-bis(1-methylethyl)-6-(methylthio)-

1,3,5-triazine-2,4-diamine], and paraquat (1,1′-dimethyl-4,4′-bipyridinium) 

(Buchanan, 1992). 

Very little progress was made in the 1970s with regard to useful herbicides in 

cotton with the exception of glyphosate [N-(phosphonomethyl)glycine], which was 

introduced in 1974.  Glyphosate is a non-selective herbicide that provides excellent 
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control of a vast number of weeds including many difficult-to-control weeds.  

Glyphosate was used for “spot” treatments in cotton throughout the 1980s, but its full 

impact would not be realized until the 1990s when cotton was genetically transformed 

to tolerate this herbicide.  Few postemergence herbicide options were available to 

selectively control broadleaf weeds in cotton until the introduction of pyrithiobac-

sodium [sodium 2-chloro-6-[(4,6-dimethoxy-2-pyrimidinyl)thio]benzoate] in 1993.  

Pyrithiobac was a significant improvement over 1990 technologies because it 

controlled broadleaf weeds POST in cotton with little or no injury to the crop (Jordan 

et al., 1993b; Keeling et al., 1993).   

Postemergence graminicides were introduced in the 1980s for the control of 

annual and perennial grasses.  Herbicides such as sethoxydim [2-[1-

(ethoxyimino)butyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen-1-one ] and 

fluazifop [2-[4-[[5-(trifluoromethyl)-2-pyridinyl]oxy]phenoxy]propanoic acid] were 

very useful for controlling emerged grassy weeds in cotton that other herbicides did 

not control well.  While most small seeded annual grasses continued to be managed 

with soil-applied herbicides or burndown treatments, control of certain grasses such as 

johnsongrass and bermudagrass [Cynodon dactylon (L.) Pers.] became easier with the 

additional selectivity of POST graminicides (McWhorter and Bryson, 1992).   

One of the more significant events in the history of weed control in cotton has 

been the development of genetically-modified (GM) herbicide-tolerant cotton 

cultivars.  This study will focus on two currently available technologies: glyphosate- 

and glufosinate-ammonium [2-amino-4-(hydroxymethylphosphinyl)butanoic acid 
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monoammonium salt]-resistant cultivars.  Glyphosate-resistant cultivars were released 

for commercial use in 1997 with enhanced glyphosate-resistant cultivars released in 

2006.  In 2010, Roundup Ready® cotton cultivars were planted to over 91% of cotton 

acres in the United States (USDA-AMS, 2010).  Glyphosate-resistant cotton systems 

have been researched extensively and have shown to have greater net returns than 

conventional cotton systems in many trials (Scott et al., 2001). 

Glufosinate-resistant cotton cultivars were commercialized in 2004 and 

allowed for the application of glufosinate-ammonium (a non-selective herbicide) 

POST over the crop to manage a variety of annual and perennial weeds.  Glufosinate-

resistant cultivars have not found as wide of acceptance among producers across the 

cotton belt, mainly because of their less effective control of certain problem weeds.  

Studies have shown that application timing is critical for glufosinate and that certain 

weeds such as Amaranthus species are not effectively and consistently controlled with 

this herbicide (Steckel et al., 1997; York and Culpepper, 2004).  However, certain 

weeds such as morningglory may be controlled effectively with glufosinate 

(Culpepper et al., 2000).  Troublesome weeds more tolerant to glyphosate and the 

recent development of a number of glyphosate-resistant weeds suggests that 

glyphosate + glufosinate-resistant “stacked” cotton cultivars may be highly desirable. 

Palmer Amaranth 

 Palmer amaranth (Amaranthus palmeri S. Wats.) is a member of the 

Amaranthaceae family and is an erect, branched summer annual broadleaf weed that is 
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widely distributed throughout the southern two-thirds of the United States (Bryson and 

DeFelice, 2009).  Individual weeds can grow greater than 2 meters in height 

(Norsworthy et al., 2008) and strongly compete with desirable plants for light, water, 

and nutrients.  Palmer amaranth is a dioecious plant and female plants are capable of 

producing up to 600,000 seeds each, and these seeds may remain dormant for several 

years (Keeley et al., 1987).  Because Palmer amaranth is such a prolific seed producer, 

complete control and containment may be extremely difficult.  For many years, 

Amaranthus species have been one of the top five weed pests in United States cotton 

leading to significant annual yield loss.  In Texas, annual yield loss has ranged from as 

high as 38% in 1980 to recent estimates of 12% in 2001 (Anonymous, 2002).   

Palmer amaranth is extremely competitive with cotton and has been reported to 

reduce cotton biomass  greater than 50% at high densities (Morgan et al., 2001).  Yield 

decreases as high as 70% with 8 weeds per 7.31 meter of row have been reported 

(Buchanan and Burns, 1971) in cotton fields with redroot pigweed (Amaranthus 

retroflexus L.) and yield reductions of 13 to 54% for 1 to 10 Palmer amaranth plants 

per 9.1 meter of row, respectively have occurred elsewhere (Morgan et al., 2001).  

Rowland et al. (1999) found that for each increase of 1 weed per square meter, a 

corresponding lint yield reduction of 58 to 112 kg ha-1 was observed.  Palmer 

amaranth strongly competes with crop plants and has been shown to lower yields 

(Burnside and Wicks, 1969; Klingaman and Oliver, 1994; Massinga et al., 2001; 

Massinga and Currie, 2002).  Because of its large size, Palmer amaranth may interfere 
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with harvest equipment which results in reduced harvest efficiency (Smith et al., 

2000). 

 Many options exist for controlling Palmer amaranth in Texas High Plains 

cotton.  Preplant incorporated (PPI) herbicides such as trifluralin and pendimethalin 

[N-(1-ehylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine] effectively control Palmer 

amaranth for several weeks.  Preemergence herbicides such as prometryn, diuron, 

linuron, fluometuron, S-metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-[(1S)-2-

methoxy-1-methylethyl]acetamide], and pyrithiobac, can provide additional early-

season control of Palmer amaranth.  Often, PPI applications in early or late spring are 

followed by PRE applications at planting with the goal of controlling Palmer amaranth 

to at least mid-season.   

Prior to 1994, DSMA (disodium methanearsonate) and MSMA were two of the 

most popular herbicides used POST or postemergence-directed (PDIR) for Palmer 

amaranth control in cotton (McWhorter and Bryson, 1992).  DSMA and MSMA were 

often included with prometryn, fluometuron, norea (noruron) [rel-N,N-dimethyl-N′-

[(3aR,4S,5R,7S,7aR)-octahydro-4,7-methano-1H-inden-5-yl]urea] or diuron in tank-

mix to increase weed control, either PDIR or at layby (McWhorter and Bryson, 1992).  

However, the effectiveness of these herbicides was often dependent upon crop/weed 

height differential, which often did not exist.  Pyrithiobac-sodium, introduced in 1996, 

may be applied POST over-the-top in cotton and is very effective at controlling 

Palmer amaranth when applied under optimum conditions.  Dotray et al. (2007) 

showed that POST applications of pyrithiobac provided variable levels of control 
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depending on environmental conditions whereas PPI and PRE applications controlled 

Palmer amaranth 97% 6 weeks after treatment.  While pyrithiobac may be effective 

for Palmer amaranth control, it is highly persistent in certain soils and can injure 

rotational crops such as wheat (Triticum aestivum L.), soybean [Glycine max (L.) 

Merr.] and grain sorghum [Sorghum bicolor (L.) Moench.] (Johnson et al., 1993; 

Jordan et al., 1993a; Webster and Shaw, 1996). 

 Since 1994, cultivars of cotton tolerant to POST applications of specific 

herbicides have been developed and made commercially available.  These herbicides 

include bromoxynil (3,5-dibromo-4-hydroxybenzonitrile), glyphosate, and glufosinate.  

Bromoxynil is effective for controlling a broad range of broadleaf weeds including 

several Amaranthus species, but not Palmer amaranth.  Bromoxynil provided less 

POST control of Palmer amaranth than tank-mixes of fluometuron + MSMA (Burke et 

al., 2007) and was generally considered to provide poor control of Palmer amaranth 

when applied alone.  Because bromoxynil is a contact-type herbicide, small weed size 

and thorough spray coverage was very important to maximize weed control. 

Glyphosate is a highly effective POST herbicide for use in glyphosate-tolerant 

crops.  Alone, glyphosate is effective for controlling a wide range of grass and 

broadleaf species including Palmer amaranth (Anonymous, 2009).  Keeling et al. 

(1998) found that glyphosate controlled Palmer amaranth escapes after applications of 

soil-applied residual herbicides and suppressed perennial weeds in glyphosate-tolerant 

cotton.  Glyphosate control of Palmer amaranth is highly effective but current 

recommendations encourage use of a soil-applied residual herbicide with glyphosate 



Texas Tech University, Jacob D. Reed, August 2012 

14 

to prevent or delay the development of resistant weeds (Clewis et al., 2006).  Palmer 

amaranth control improved significantly with the inclusion of S-metolachlor in tank-

mix (Clewis et al., 2006).  Fluometuron PRE with a POST-only program of glyphosate 

resulted in 93% control 56 days after the final glyphosate application (Scroggs et al., 

2007b).  A glyphosate program with trifluralin PPI and clomazone [2-[(2-

chlorophenyl)methyl]-4,4-dimethyl-3-isoxazolidinone] PRE resulted in improved 

Palmer amaranth control in North Carolina compared to glyphosate alone (Scott et al., 

2002).  In Louisiana, excellent Palmer amaranth control was achieved with glyphosate 

programs coupled with soil residual herbicides applied at the 2- or 10-leaf stage 

(Scroggs et al., 2007a).  Clewis and Wilcut (2007) reported that Palmer amaranth was 

controlled 100% with glyphosate systems regardless of PRE application.   

 Glufosinate may be applied in glufosinate-tolerant crops for the control of a 

number of grassy and broadleaf weeds.  Glufosinate has given variable levels of 

control on Palmer amaranth and is often significantly affected by environmental 

conditions and application timing.  Robinson et al. (2002) found that two applications 

of glufosinate at 0.41 kg ha-1 on 3- to 10-centimeter Palmer amaranth were sufficient 

to achieve 100% control.  Coetzer and Al-Khatib (2002) found that sequential rates of 

glufosinate at 0.41 kg ha-1 on 2- to 5- centimeter Palmer amaranth achieved up to 92% 

control.  In growth chamber experiments conducted in Kansas, Coetzer et al. (2001) 

confirmed that low humidity decreased control of Palmer amaranth with glufosinate.  

While control of Palmer amaranth under dry conditions can be less effective, 

glufosinate has proven useful in humid environments where fields are infested with 
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glyphosate-resistant Palmer amaranth (Culpepper et al., 2009; Whitaker et al., 2010a).  

Similar to glyphosate systems, current recommendations for use of glufosinate to 

control Palmer amaranth include soil-applied residual herbicides (Gardner et al., 

2006a; Everman et al., 2007; Riar et al., 2011).   

Ivyleaf Morningglory 

 Ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.] is a climbing, twining 

annual member of the family Convolvulaceae.  Stems can grow up to 3 meters long 

and are often highly branched.  This plant is distinguished by its pubescent leaves and 

stems, blue to purplish flowers, long sepals, and lobed leaves (Bryson and DeFelice, 

2009).  Ivyleaf morningglory is found in the southeastern half of the United States and 

is common in many areas where cotton is grown.  Morningglory species have been 

cited as one of the most common and most troublesome weeds in United States cotton 

production since at least 1973 (Murray et al., 1992).  Since 1978, morningglory 

species have been one of the top five most abundant weeds in United States cotton 

production with annual yield losses ranging from 9 to 21%.  In Texas, morningglory 

species were estimated to infest 283,280 hectares of cotton in 2001 with an estimated 

yield loss of 12% (Anonymous, 2002).   

 Ivyleaf morningglory has been reported to cause severe yield loss in cotton and 

to complicate harvest.  Keeley et al. (1986) reported that 1 plant per 2 meters of row 

caused total crop loss.  Morningglory that emerged in June (in-season) still caused an 

11% yield loss.  In Oklahoma, yield reductions of 5.9% were reported for each weed 
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per 10 meters of row.  At densities greater than 8 plants per meter, mechanical harvest 

was not possible (Rogers et al., 1996).  Morningglory species interfere with both 

picker and stripper harvest.  Other research in Alabama found similar results, with 

crop losses up to 19% with densities of 8 weeds per 15 meters of row (Crowley and 

Buchanan, 1978).   

 Morningglory species are not easy to control with many common cotton 

herbicide programs.  The most effective systems for full-season morningglory control 

typically involve PPI and PRE herbicides followed by POST and PDIR treatments.  

Herbicides such as prometryn, diuron, linuron, fluometuron, pyrithiobac, oxyfluorfen 

[2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene], clomazone, 

lactofen [2-ethoxy-1-methyl-2-oxoethyl 5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-

nitrobenzoate, fomesafen [5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-

(methylsulfonyl)-2-nitrobenzamide], flumioxazin [2-[7-fluoro-3,4-dihydro-3-oxo-4-

(2-propynyl)-2H-1,4-benzoxazin-6-yl]-4,5,6,7-tetrahydro-1H-isoindole-1,3(2H)-

dione], and trifloxysulfuron may be used to control morningglories, but generally must 

be applied PPI, PRE or PDIR and have the potential to injure cotton if applied to 

coarse soils or unfavorable environmental conditions.  Additionally, several of these 

herbicides have rotational restrictions to other crops.  Wilcut et al. (1997) reported that 

pendimethalin applied PPI failed to control morningglories, but PRE applications of 

fluometuron + fomesafen PRE followed by (fb) fluometuron + MSMA PDIR provided 

excellent control.  Early season control with PPI and PRE applications was essential 

for effective and safe PDIR applications later in the season.  Porterfield et al. (2002) 
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also reported good control of morningglories with PRE applications of fluometuron.  

Jordan et al. (1993c) found that programs that included clomazone or clomazone + 

pendimethalin PPI fb fluometuron PRE controlled morningglories as well or better 

than standard herbicide programs.  Pyrithiobac alone or in tank-mix PRE has shown to 

provide acceptable levels of morningglory control (Burke and Wilcut, 2004; Branson 

et al., 2005).  In contrast, Troxler (2002) found that neither clomazone PRE, 

fomesafen PRE nor pendimethalin PPI provided adequate ivyleaf morningglory 

control.    

 Postemergence control options for morningglory species are more limited.  

Glyphosate is not as effective on morningglory species as are other herbicides (Burke 

et al., 2005b).  Pyrithiobac POST may provide adequate control of morningglories 

(Corbett et al., 2002; Branson et al., 2005; Paulsgrove et al., 2005), but injury to 

succeeding crops is a concern (Johnson et al., 1993).  Trifloxysulfuron has good POST 

activity on morningglories, but crop injury has been reported (Richardson et al., 2007).  

Porterfield et al. (2002) reported that trifloxysulfuron early-postemergence (EPOST) 

controlled tall morningglory [Ipomoea purpurea (L.) Roth] better than pyrithiobac 

EPOST, but a full-season systems approach including both POST and late PDIR 

applications were more effective at controlling morningglory than PRE and PDIR 

applications only.  Branson et al. (2005) and Koger et al. (2005) found similar results 

and suggested that trifloxysulfuron tank-mixed with glyphosate could help control 

pitted morningglory (Ipomoea lacunosa L.) at later growth stages where glyphosate 

alone could not.  Trifloxysulfuron + pyrithiobac has been shown to effectively control 
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a spectrum of broadleaf weeds including morningglory species (Richardson et al., 

2006).  Postemergence control options for ivyleaf morningglory on the Texas High 

Plains are limited to multiple applications of glyphosate, pyrithiobac, or 

trifloxysulfuron.  Both pyrithiobac and trifloxysulfuron have plantback restrictions to 

sorghum and cotton, which reduces their appeal to many producers.   

 In-season morningglory infestations were often best controlled with systems 

approaches that included PDIR or layby applications (Burke and Wilcut, 2004).  

Carfentrazone-ethyl [ethyl α,2-dichloro-5-[4-(difluoromethyl)-4,5-dihydro-3-methyl-

5-oxo-1H-1,2,4-triazol-1-yl]-4-fluorobenzenepropanoate], MSMA, cyanazine [2-[[4-

chloro-6-(ethylamino)-1,3,5-triazin-2-yl]amino]-2-methylpropanenitrile], lactofen, 

prometryn, fluometuron, diuron, linuron, oxyfluorfen, trifloxysulfuron, and 

flumioxazin all provide adequate to good control of morningglory species when 

applied PDIR.  Everman et al. (2007) reported that layby tank-mixes of glufosinate + 

prometryn, glufosinate + MSMA, or prometryn + MSMA controlled entireleaf 

morningglory [Ipomoea hederacea (L.) Jacq. Var. integriuscula Gray] better than 

treatments with no layby applied.  Flumioxazin alone or tank-mixed with glyphosate 

or MSMA applied PDIR controlled both entireleaf and ivyleaf morningglory (Askew 

et al., 2002).  Troxler et al. (2002) noted that layby treatments of MSMA + cyanazine 

effectively controlled ivyleaf morningglory and suggested that such treatments were 

necessary for season-long control of many broadleaf species in cotton.  Before the 

advent of glyphosate-tolerant cotton, PDIR or layby treatments were common for 

controlling weeds in-season.  Today, many producers using glyphosate-tolerant cotton 
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cultivars have transitioned to POST-only programs.  The recent development of 

glyphosate-resistant weeds has brought attention to the importance of in-season PDIR 

or layby treatments for season-long weed control (Price et al., 2008). 

Glyphosate-tolerant Cotton 

 Glyphosate is a non-selective, foliar-applied herbicide that is used to control a 

broad range of emerged annual and perennial weeds.  Commercial companies market 

liquid formulations of glyphosate either as isopropylamine, potassium, ammonium, 

diammonium, or sesquisodium salts and often include proprietary adjuvant systems 

with their product.  Glyphosate may be applied in a number of crops PRE, PDIR, as a 

spot treatment, or POST in genetically modified crops.  Glyphosate, a 

phosphonylmethyl glycine, is classified as an enolpyruvyl shikimate-3-phosphate 

(EPSP) synthase inhibitor.  It competes with phosphoenolpyruvate (PEP) at the 5-

enolpyruvylshikimate-3-phosphate synthase binding site in the chloroplast to inhibit 

EPSP synthase in the shikimic acid pathway leading to depletion of the aromatic 

amino acids tryptophan, tyrosine, and phenylalanine.  Depletion of these aromatic 

amino acids inhibits protein synthesis in plants resulting in a carbon drain in the 

carbon reduction cycle, which results in plant death (Senseman and Armburst, 2007).   

 Glyphosate-resistant EPSP synthase was first discovered in several plant 

species, but the resistance was not stable or fully heritable.  Commercially acceptable 

tolerance was found in double-mutant corn EPSP synthase, but a more stable and 

efficient form was eventually discovered in a cp4 epsp synthase gene from 
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Agrobacterium.  The EPSP synthase variant synthesized from this gene does not allow 

glyphosate to bind as efficiently as the enzyme normally found in plants.  

Agrobacterium-mediated transformations are now the dominant form of glyphosate-

resistant crop engineering (Green, 2007).   

 The cp4 epsp synthase gene has successfully been used to confer glyphosate 

tolerance in cotton (Nida et al., 1996).  The first glyphosate-tolerant cotton event 

(MON 1445) was selected in 1996 followed by the introduction of Roundup Ready® 

Cotton in 1997.  Roundup Ready® Cotton could tolerate over-the-top applications of 

glyphosate up to the four-leaf stage without yield loss.  Applications beyond four-leaf 

resulted in reproductive injury and reduced yield (Ferreira et al., 1998; Light et al., 

2003).  Research continued to identify mechanisms that might expand the glyphosate 

application window in cotton.  After successful work in maize, cotton events were 

generated and evaluated with enhanced EPSP synthase expression.  The original 

selection (event MON 88913) was the product of new promoter combinations 

constructed to provide enhanced CP4 EPSP synthase in male reproductive tissues.  In 

2006, Roundup Ready® Flex Cotton was fully approved and released in the United 

States (Cerny et al., 2010).   

In 2011, new cotton cultivars with enhanced glyphosate tolerance were 

released and branded as GlyTol® cotton.  These cultivars arose from events that also 

had glyphosate tolerance in both vegetative and reproductive tissues but used a double 

mutant 5-enol pyruvylshikimate-3-phosphate synthase (2mEPSPS) gene to encode for 

the double mutant 5-enol pyruvylshikimate-3-phosphate synthase (2mEPSPS) protein.  
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This protein has a lower binding affinity for and is highly resistant to inhibition by 

glyphosate thus allowing plants to grow in the presence of glyphosate.   

 Over 5.7 million hectares of cotton were planted in 2011 with 98% of those 

hectares being transgenic (Anonymous, 2011b).  The popularity of glyphosate-tolerant 

cotton has led to its rapid acceptance and wide-spread use since 1997.  Glyphosate-

tolerant cotton has been used to help control a number of troublesome weeds across 

the United States cotton belt.  Reported POST applications of glyphosate effectively 

controlled Palmer amaranth, devil’s-claw [Proboscidea louisianica (P.Mill.) 

Thellung], ivyleaf morningglory, and silverleaf nightshade (Solanum elaeagnifolium 

Cav.) in West Texas (Joy et al., 2008).  Glyphosate “systems” increased control of 

annual grasses and broadleaf weeds such as velvetleaf (Abutilon theophrasti Medik.), 

pitted morningglory (Ipomoea lacunosa L.), and sicklepod [Senna obtusifolia (L.) 

Irwin and Barneby] in Alabama (Faircloth et al., 2001).  In Louisiana, Roundup 

Ready® Flex cotton systems that included PRE herbicides fb in-season applications of 

glyphosate maximized season-long control of several annual grasses and broadleaf 

weeds (Scroggs et al., 2007a).  Likewise, glyphosate applied twice in-season provided 

excellent control of large crabgrass [Digitaria sanguinalis (L.) Scop.], common 

cocklebur (Xanthium strumarium L.), common lambsquarters (Chenopodium album 

L.), common ragweed (Ambrosia artemisiifolia L.), Amaranthus species, Ipomoea 

species, prickly sida (Sida spinosa L.), and sicklepod (Culpepper and York, 1998).  

Transgenic cotton has shown not only to be valuable for controlling weeds, but also 
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for reducing input costs and maximizing yields (Culpepper and York, 1999; Burke et 

al., 2005b). 

Glufosinate-tolerant Cotton 

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

of annual and perennial grass and broadleaf weeds.  Glufosinate is classified as an 

amino acid inhibitor, which inhibits glutamine synthetase activity and restricts the 

production of glutamine, the enzyme that converts glutamate and ammonia to 

glutamine.  Without this conversion, nitrogen metabolism is disrupted in the plant.  

Both ammonia buildup and the eventual disruption of photosystem I and photosystem 

II reactions cause the decoupling of photophosphorylation and cell membrane lipid 

peroxidation and eventually plant death (Senseman and Armburst, 2007).  Glufosinate 

is formulated as an acid or an ammonium salt and often mixed with proprietary 

surfactants to increase efficacy.  Glufosinate is a fast-acting herbicide and plant injury 

can often be observed within days of application.  It is not readily translocated within 

the plant; therefore, adequate coverage of foliage and proper timing are often required 

for effective weed control (Hamill et al., 2000). 

 Glufosinate tolerance was first achieved via the insertion of a gene from the 

fungus Streptomycyes viridochromogenes that encodes for phosphinothricin 

acetyltransferase (pat).  Another gene, the BAR gene (bialophos resistance) from 

Streptomyces hygroscopicus, expresses pat enzymes that acetylate the free amino 

group of the herbicide molecule, L-phosphinothricin, into a non-toxic form, N-acetyl-
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L-phosphinothricin (Devine et al., 1993).  The BAR gene has shown to provide better 

tolerance to glufosinate than cultivars containing the pat gene.  In 1997, the BAR gene 

was successfully inserted into ‘Coker 312’ cotton and the resulting cultivar was found 

to be highly tolerant to topical applications of glufosinate (Blair-Kerth et al., 2001).  

Cultivars containing the BAR gene were later commercially released in 2004 and 

branded under the name “LibertyLink®” cotton.  In contrast to first-generation 

glyphosate-tolerant cotton, no reproductive injury nor yield reduction was observed 

with topical applications of glufosinate on LibertyLink® cotton at any growth stage.  

However, glufosinate is labeled only for use up to the early bloom stage in cotton 

(Anonymous, 2011a).  Cotton cultivars branded as “WideStrike®” contain the pat gene 

as a selectable marker for lepidopteran insect resistance.  However, injury up to 30% 

has been reported from over-the-top applications of glufosinate on these cultivars 

(Culpepper et al., 2009). 

 In 2011, only less than 3% of the cotton hectares planted in the United States 

were LibertyLink® cultivars (Anonymous, 2011b).  These cultivars have not been 

widely adopted in the United States due to uncompetitive yields (NCSU, 2008; Texas 

AgriLife Extension, 2011; UGA, 2011).  However, recent interest in applying 

glufosinate over-the-top of cultivars containing WideStrike® traits has increased.  

Cultivars containing both glyphosate tolerance and WideStrike® traits have yielded 

well in recent years and producers have used these cultivars as a tool for managing 

glyphosate-resistant Palmer amaranth (Tyson et al., 2012).  However the producer of 

Liberty® herbicide, Bayer CropScience, the company producing WideStrike® Cotton, 
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PhytoGen Seed Company (a subsidiary of Dow AgroSciences), and state extension 

agencies do not recommend applying glufosinate to WideStrike® cotton due to the 

potential for injury. 

 Glufosinate effectively controls a number of weeds more effectively than 

glyphosate.  Price (2008) reported that glufosinate provided better control of ivyleaf 

morningglory, pitted morningglory, large crabgrass and hemp sesbania [Sesbania 

herbacea (P. Mill.)] compared to glyphosate.  Culpepper et al. (2000) reported better 

control of entireleaf and tall morningglory with glufosinate compared to glyphosate.  

Glufosinate also has been shown to control a number of grasses including broadleaf 

signalgrass [Urochloa platyphylla (Nash) R. D. Webster], fall panicum (Panicum 

dichotomiflorum Michx.) giant foxtail (Setaria faberi Herrm.), green foxtail [Setaria 

viridis (L.) Beauv.], yellow foxtail [Setaria pumila (Poir.) Roem. & Schult.], seedling 

johnsongrass, Texas panicum (Panicum texanum Buckl.), and glyphosate-resistant 

corn [Zea mays (L.)] (Corbett et al., 2004).  Everman et al. (2007) reported greater 

than or equal to 90% control of common lambsquarters, common ragweed, entireleaf 

morningglory, ivyleaf morningglory, jimsonweed (Datura stramonium L.), large 

crabgrass, pitted morningglory, pulrple nutsedge (Cyperus rotundus L.) and sicklepod 

with POST applications of glufosinate.  Multiple applications of glufosinate in-season 

may effectively control a number of weeds (Beyers et al., 2002) including velvetleaf, 

common waterhemp (Amaranthus rudis Sauer), common ragweed, morningglory 

species, and giant foxtail (Setaria faberi Herrm.).  However, glufosinate efficacy is 
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greatly influenced by rate, weed growth stage, humidity, and temperature (Steckel et 

al., 1997; Coetzer et al., 2001, 2002). 

Glyphosate + Glufosinate-tolerant Cotton  

 Cotton cultivars containing both glyphosate and glufosinate tolerance were 

released in 2011 under the brand GlyTol® + LibertyLink® Cotton.  These cultivars 

offer new opportunities to manage weeds not effectively controlled with glyphosate 

alone, manage glyphosate-resistant weeds with an alternative mode of action, and 

apply glufosinate without injury as was observed in WideStrike® cotton.  Tolerance to 

both glyphosate and glufosinate is excellent and neither herbicide is reported to 

adversely affect yield, fiber length, micronaire, strength or length uniformity (Wallace 

et al., 2011).  With the availability of two herbicides for use in GlyTol® + 

LibertyLink® Cotton, tank-mixing becomes a viable option.  It was hypothesized that 

tank-mixing glyphosate and glufosinate might allow for improved control of a broader 

spectrum of weeds compared to either herbicide alone.  Of particular interest in Texas 

is the control of both Palmer amaranth and Ipomoea species when both have infested 

the same field.   

 Concerns about antagonism with glufosinate are well-founded and significant 

documentation is available on the topic.  Glufosinate has been shown to antagonize a 

number of postemergence graminicides, affecting the control of annual grasses and 

johonsongrass (Lanclos et al., 2002; Burke et al., 2005a; Gardner et al., 2006a; 

Whitaker et al., 2010a).  Everman (2007) reported antagonism of both grass and 
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broadleaf species with tank-mixes of glufosinate and MSMA.  Palmer amaranth 

control decreased with tank-mixes of glufosinate and MSMA compared to glufosinate 

alone (Koger et al., 2007b).  Antagonism of carfentrazone by glufosinate has been 

reported when controlling pitted morningglory (Price et al., 2008).  Tharp and Kells 

(2002) reported decreased velvetleaf control with tank-mixes of glufosinate and 

several PRE herbicides.  Antagonism of fomesafen by glufosinate on common 

lambsquarters has been reported (Brabham and Johnson, 2010) as well as antagonism 

of glyphosate by glufosinate on goosegrass (Eleusine indica Gaertn.) (Chuah et al., 

2008).  Initial work by Dotray et al. (2009) in Glytol® + LibertyLink® cotton revealed 

antagonism by tank-mixes of glyphosate and glufosinate on Palmer amaranth.  It is 

possible that hot, semi-arid conditions in the Texas Southern High Plains could 

decrease the efficacy of glufosinate in this region and cause antagonism when tank-

mixed with glyphosate. 

Herbicide Interactions 

 When two or more herbicides are applied to a subject, each agrochemical often 

will act independently and responses from combined applications can be predicted 

based on the performance of each ingredient.  However, interactions can occur in 

which the biological activity of one herbicide modifies the activity of other ingredients 

in the combination.  The interaction of two herbicides can be described in a number of 

ways.  The response of a plant in the presence of two herbicides can generally either 

be additive, synergistic, or antagonistic.  Additive responses are the sum of each 
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individual component response when applied alone.  Synergistic responses occur when 

the joint action of two chemicals produces a response greater than the predicted sum 

of both individual components.  Antagonistic responses can be defined as either the 

response from a combination of agrochemicals that is less than any of the individual 

components alone or a response in which the combined effect of two or more 

chemicals is less than an expected response based on each chemical alone (Rao, 2000).   

When describing the joint-action of herbicide mixtures, two reference models 

are commonly used.  Morse (1978) proposed the names “Additive Dose Model” 

(ADM) and “Multiplicative Survival Model” (MSM) to describe these two models.  

The ADM is characterized by herbicide combination expected responses based on the 

sum of responses from individual chemical doses.  If one component of a mixture is 

replaced at a constant proportion by the other, the predicted response will remain the 

same.  Multiplicative models are applicable when “response observations resulting 

from the administration of a mixture of two agrochemicals can be expressed as 

percentages or proportions of a hypothetical maximum measure of activity” (Crafts et 

al., 1985).  The expected response of two or more chemicals according to the MSM is 

the product of individual proportions observed when components of the mixture are 

applied separately.  In general, the ADM is a fitting model for mixtures of 

agrochemicals that have similar modes of action while the MSM represents a model 

that is more accurate where components of a mixture have dissimilar modes of action. 

Strategies for quantifying synergistic or antagonistic effects can be classified 

based on their reference model.  Tests for additive models include two parameter tests, 
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isoboles, and the calculus method.  Two parameter tests are regression models that 

determine and compare dose-response values based on the dose-response equation Y = 

A/[(X/C)B + 1] where A=100% for control, B defines the rate-of-change in the 

response curve, and C is the concentration of X required to reduce growth 50% 

(Rummens, 1975).  Isoboles have been used in pharmacology, entomology, and plant 

pathology and have proven useful for studies examining the joint action of herbicides 

with the same mode of action (Kudsk and Mathiassen, 2004).  Isoboles for evaluating 

herbicide interactions were first popularized by Tammes (1964) and later modified by 

Akobundu (1975).  Isoboles use logarithmically transformed data to form regression 

curves that can be statistically compared.  The modified method developed by 

Akobundu avoids transformations and compares differences of the 50% response level 

of the dose response curves.  The calculus method developed by Drury (1980) 

attempts to overcome the issues surrounding the statistical treatment of continuous 

variables by applying functions to those variables, i.e. dose-response curves.  This 

method uses multiple regression models differentiated with respect to each herbicide 

alone and combined.  Second derivative values are graphed to show interactions. 

 Tests for multiplicative models include Colby’s method and regression 

estimates.  Gowing (1960) was the first scientist to suggest that different herbicide 

modes of action would result in multiplicative rather than additive responses in plants.  

Limpel et al. (1962) and later Colby (1967) algebraically manipulated Gowing’s 

formula to simplify calculations and make more kinds of data available for analysis.  

Colby’s formula for calculating expected growth as a percent of control is 
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where X and Y are growth inhibitions, expressed as percent control, of herbicides A 

and B, respectively.  Colby’s method for calculating expected responses is extremely 

popular but its main disadvantage has been, until recently, inadequate statistical 

procedures for detecting differences between mean expected and observed responses.  

A modification of Colby’s method proposed by Nash and Jensen (1973) and Nash 

(1981) attempts to overcome some of the difficulties of detecting differences between 

observed and expected values by estimating values from the product of individual 

regression equations obtained for individual components of a herbicide mixture.   

 Colby’s method has been extremely useful for calculating expected responses 

of herbicide mixtures.  However, statistical treatment of these data has not always 

been sound.  Blouin (2004) observed that contrasts using Colby’s method are not 

linear contrasts because the estimates of these contrasts are multiplicative, non-linear 

functions of the means.  As such, standard analysis of variance procedures for linear 

models do not always yield valid tests of the null hypothesis.  He recommended using 

nonlinear mixed-model methodology to calculate significance levels of the calculated 

contrasts.  However, this procedure is cumbersome and becomes increasingly difficult 

to implement as the experimental design grows in complexity.  He later augmented 

this mixed-model methodology with the Delta method for standard errors of nonlinear 

functions of the means (Blouin et al., 2010).  This method is more versatile, easier to 

implement, and more efficient for non-linear contrasts of herbicide interactions.  

While standard analysis of variance models are still perfectly valid for linear contrasts 
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where herbicide interactions are additive, the augmented mixed-model methodology is 

preferred for the MSM where herbicide interactions are multiplicative in nature. 
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CHAPTER III 

MATERIALS AND METHODS 

Field Studies 

Field experiments were conducted in 2010 and 2011 at the Texas AgriLife 

Research and Extension Center near Lubbock, TX to evaluate Palmer amaranth 

[Amaranthus palmeri (S.) Wats.] and ivyleaf morningglory [Ipomoea hederacea (L.) 

Jacq.] control with tank-mixes and sequential treatments of glyphosate [N-

(phosphonomethyl)glycine] and glufosinate-ammonium [2-amino-4-

(hydroxymethylphosphinyl)butanoic acid monoammonium salt] in Glytol® + 

LibertyLink® (GL) cotton.  Three separate studies were conducted each year on both 

weeds.  The first study (“Tank-Mixes”) evaluated tank-mixes of glyphosate and 

glufosinate, a second study (“Proportional Tank-Mixes”) evaluated proportional tank-

mixes, and a third study (“Systems”) assessed weed control systems using both 

herbicides used in sequence.  Soils were an Acuff clay loam (Fine-loamy, mixed, 

thermic Aridic Paleustolls) with less than 1% organic matter and a pH of 7.9.  For all 

experiments, FM 9250GL was planted on 102 centimeter rows at a depth of 3.8 

centimeters and a seeding rate of 17 kg ha-1 and treated with aldicarb [2-methyl-

2(methylthio)propionaldehyde 0-(methylcarbamoyl)oxime] at 0.54 kg ha-1 for insect 

and nematode control.  Planting dates were May 19 in 2010 and May 23 in 2011.  
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Plots, 4 rows by 9.1 meters in length, were arranged in a randomized complete block 

design with three replications.  Rainfall totaled 695 mm in 2010 and 172 mm in 2011 

(Table 3.1).  Tank-mix and proportional tank-mix trial plots received no supplemental 

furrow irrigation in 2010 and irrigation totaling 152 mm in 2011.  Systems trials 

received an additional 76 mm of furrow irrigation in 2010 and 229 mm in 2011.   

Field Studies—Palmer amaranth 

Tank-Mixes 

Palmer amaranth treatments included an untreated check, glyphosate at 0.84 kg 

ae ha-1, glufosinate at 0.58 kg ai ha-1, and tank-mix combinations of glyphosate + 

glufosinate at the following rates: 0.84 + 0.58, 0.84 + 0.44, 0.84 + 0.29, 0.84 + 0.15, 

0.63 + 0.58, 0.42 + 0.44, and 0.21 + 0.58 kg ha-1, respectively.  Early-postemergence 

(EPOST) treatments were applied when Palmer amaranth was 5 to 10 centimeters in 

height and mid-postemergence (MPOST) treatments were applied when weeds were 

15 to 20 centimeters in height.   

 

Proportional Tank-Mixes 

Proportional tank-mix treatments included an untreated check, glyphosate at 

0.84 kg ha-1, glufosinate at 0.58 kg ha-1, and glyphosate + glufosinate at 0.63 + 0.15, 

0.42 + 0.29, and 0.21 + 0.44 kg ha-1.  These tank-mix combinations kept the overall 

herbicide rate in the tank no greater than 1X the recommended label rate.  Early-
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postemergence treatments were applied when weeds were 5 to 10 centimeters in 

height and MPOST treatments were applied when weeds were 15 to 20 centimeters in 

height.    

 

Systems 

Weed control systems were evaluated using three sequential applications of 

glyphosate or glufosinate in all possible sequence configurations.  Sequences included 

glyphosate followed by (fb) glyphosate fb glyphosate, glyphosate fb glyphosate fb 

glufosinate, glyphosate fb glufosinate fb glyphosate, glufosinate fb glyphosate fb 

glyphosate, glufosinate fb glufosinate fb glyphosate, glufosinate fb glyphosate fb 

glufosinate, glyphosate fb glufosinate fb glufosinate, and glufosinate fb glufosinate fb 

glufosinate.  Glyphosate was applied at a rate of 0.84 kg ha-1 and glufosinate was 

applied at a rate of 0.58 kg ha-1 at each timing.  Postemergence treatments were 

applied when weeds were 5 to 10 centimeters in height.  In 2010, late-postemergence 

(LPOST) timings were not applied due to canopy closure.   

Field Studies—Ivyleaf Morningglory 

Tank-Mixes 

Ivyleaf morningglory tank-mix trials received treatments including an 

untreated check, glyphosate at 0.84 kg ae ha-1, glufosinate at 0.58 kg ai ha-1, and tank-

mix treatments of glyphosate + glufosinate at 0.84 + 0.58, 0.84 + 0.44, 0.84 + 0.29, 
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0.84 + 0.15, 0.63 + 0.58, 0.42 + 0.44, 0.21 + 0.58 kg ha-1, respectively.  Early-

postemergence treatments were applied when ivyleaf morningglory was 5 to 10 

centimeters in height and MPOST treatments were applied when weeds were 15 to 20 

centimeters in height.   

 

Proportional Tank-Mixes 

Proportional tank-mix treatments included an untreated check, glyphosate at 

0.84 kg ha-1, glufosinate at 0.58 kg ha-1, and glyphosate + glufosinate at 0.63+ 0.15, 

0.42+ 0.29, and 0.21 + 0.44 kg ha-1, respectively.  Early-postemergence treatments 

were applied when weeds were 5 to 10 centimeters in height and MPOST treatments 

were applied when weeds were 15 to 20 centimeters in height.    

 

Systems 

To evaluate weed control systems in ivyleaf morningglory, plots received 

either nothing PRE or a PRE application of prometryn [N,N′-bis(1-methylethyl)-6-

(methylthio)-1,3,5-triazine-2,4-diamine] at 1.4 kg ai ha-1, and two POST treatments of 

glyphosate or glufosinate in all possible sequence configurations: glyphosate fb 

glyphosate, glyphosate fb glufosinate, glufosinate fb glyphosate, and glufosinate fb 

glufosinate.  Preemergence treatments were applied at planting and POST treatments 

were applied when weeds were 5 to 10 centimeters in height.  Glyphosate was applied 

at a rate of 0.84 kg ha-1 and glufosinate was applied at a rate of 0.58 kg ha-1 at each 
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timing.  Late-postemergence sequential treatments were planned for both years, but 

were not applied in 2010 due to canopy closure and in 2011 due to hot, dry conditions. 

Preemergence and POST herbicide applications were made using a tractor-

mounted compressed-air or a backpack CO2-pressurized sprayer calibrated to deliver 

94 L ha-1.  Sprayers were equipped with TurboTeeJet 110015VS nozzles (Spraying 

Systems Co., North Avenue and Schmale Road, Wheaton, IL 60188).  All applications 

were made at 5 km hr-1 at 207 kPa.  Herbicide applications and timings are outlined in 

tables 3.2 to 3.13. 

 All Palmer amaranth trials received a preplant incorporated (PPI) application 

of trifluralin [2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine] at 0.84 kg ai 

ha-1.  All ivyleaf morningglory trials received a PPI application of trifluralin at 0.84 kg 

ha-1 fb a PRE application of S-metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-

[(1S)-2-methoxy-1-methylethyl]acetamide] at 1.42 kg ai ha-1 to reduce Palmer 

amaranth emergence in the plot area in order to better evaluate morningglory control.  

Preplant herbicides were incorporated 5 to 10 centimeters into the soil immediately 

after application using a spring-tooth harrow.   

Percent weed control was estimated 7, 14 and 21 days after treatment (DAT) 

following each application.  Control was estimated using a scale of 0 to 100 with 0 

meaning no control and 100 meaning complete control as indicated by plant death.  At 

the end of the growing season, the middle two rows of each plot in the systems trials 

were mechanically harvested with a John Deere 7445 two-row cotton stripper and seed 
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cotton lint weights recorded.  In 2010, cotton was harvested on October 19 for both 

Palmer amaranth and ivyleaf morningglory systems trials and in 2011 the Palmer 

amaranth systems trial was harvested on October 10.  No cotton was harvested from 

the ivyleaf morningglory systems trial in 2011 due to extremely dry conditions and 

poor crop yield.  All plot weights were standardized to 33% turnout based on the 

untreated check turnouts. 

For all experiments, data were subjected to ANOVA using the PROC MIXED 

procedure of SAS 9.2 (SAS Institute Inc., SAS Campus Drive, Cary, NC  27513).  

Year and replication were considered random variables in each experiment.  Visually 

estimated percentage data were normalized by arcsine-square root transformation 

before analysis.  For clarity, untransformed means are presented with interpretation 

based on transformed data.  Transformed least-squared treatment means were 

separated using the PDIFF option in PROC MIXED at an alpha level of P=0.05.  Data 

were not combined over years except for the ivyleaf morningglory proportions trial 

because significant year by treatment interactions were observed.  Letter groupings for 

means were derived using the PDMIX800 macro developed by Saxton (1998). 

 

Greenhouse Studies 

 Greenhouse studies were conducted in July of 2010 and 2011 to quantify 

synergistic or antagonistic effects of tank-mix combinations of glyphosate and 
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glufosinate on Palmer amaranth and ivyleaf morningglory.  Seeds of confirmed 

glyphosate- and glufosinate-susceptible Palmer amaranth were collected from fields at 

Texas AgriLife Research near Lubbock, TX in 2010 for use in greenhouse studies.  

Seeds of confirmed susceptible ivyleaf morningglory were purchased from Azlin Seed 

Service (P.O. Box 914, Leland, MS, 38756) and used for greenhouse trials.  Palmer 

amaranth seeds were planted at a depth of 2 millimeters and ivyleaf morningglory 

seeds at a depth of 1 centimeter in 9 x 9 centimeter pots using SunGro Sunshine SB 

300 universal professional growing mix and grown at 30  5 C.  Pots were placed in 

trays, watered to saturation, and covered with clear plastic domes to maintain high 

humidity.  Palmer amaranth daylength dormancy was discouraged by supplementing 

natural daylight with 400W high pressure sodium lamps providing 24 µmol m-2 s-1 and 

16 h daylength. 

 When plants reached 5 to 10 centimeters in height, treatments of glyphosate at 

0.84, 0.63, 0.42, and 0.21 kg ae ha-1, treatments of glufosinate at 0.58, 0.44, 0.29, and 

0.15 kg ai ha-1, and every possible tank-mix combination along with an untreated 

check were randomly assigned to pots in a randomized complete block design with 

three replications.  Treatments were sprayed using a stationary laboratory spray 

chamber equipped with a TurboTee 110015 nozzle calibrated to deliver 93 L ha-1 at a 

pressure of 270 kPa.  Fourteen DAT, plants were clipped at the soil surface and placed 

in separate paper bags by treatment and replication.  Clipped plants were air dried and 
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weighed.  Calculated control values were based on plant dry weights compared to the 

untreated control. 

 To quantify antagonistic or synergistic effects, dry weight data was subjected 

to an augmented mixed model analysis.  Dry weights were converted to a percent 

inhibition (control) based on the untreated check.  Percent inhibition values were 

converted to percent-of-untreated check values, 100 .		 

Expected means for percent of control were calculated within SAS for each 

tank-mix according to Colby’s method (Colby, 1967)  

100
 

and tests of significance were based on the null hypothesis 

	 	‐	 	 	0 

where J is the joint-action effect of herbicides A and B together in tank-mix, µ is the 

observed mean for percent growth of the treatment for A and B together, and E is the 

expected response of A and B in tank-mix based on Colby’s calculated value.  

Negative JAB effects indicate synergism whereas positive JAB effects indicate 

antagonism. 

 All data were subjected to ANOVA using the augmented mixed model 

methodology outlined by Blouin et al. (2010).  Observed percent growth means and 

their variances were calculated using PROC MIXED in SAS and joint-action effects 

were calculated using PROC IML.  The Delta method for tests of significance for 
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nonlinear functions of the means (Casella and Berger, 2002; Littell et al., 2002) was 

implemented in PROC IML to compute variances and covariances with test statistics 

for each joint-action effect at P ≤ 0.05.  
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Table 0.1.  Yearly rainfall distribution by month for 2010, 2011 and the 30-year 
average, for Lubbock, TX. 

Month                         Year  
 2010 2011 30-year avga 
          ------------------------mm---------------------- 
January 43 4 17 
February 56 20 19 
March 77 9 28 
April 118 0 36 
May 29 7 58 
June 65 0 77 
July 181 1 49 
August 34 9 49 
September 24 32 64 
October 66 34 49 
November 2 7 22 
December 0 49 19 
Total 695 172 487 
a Abbreviations: avg, average; mm, millimeters.
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Table 0.2.  Application description for Palmer amaranth tank-mix trial in 2010. 

 EPOSTa MPOST 
Application date June 15 July 1 
Air temperature (°C) 24 23 
Relative humidity (%) 78 70 
Wind speed (kph) 6 5 
Surface soil temperature (°C) 27 22 
Cloud cover (%) 90 100 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
 
Table 0.3.  Application description for Palmer amaranth tank-mix trial in 2011. 

 EPOSTa MPOST 
Application date June 9 July 1 
Air temperature (°C) 28 27 
Relative humidity (%) 48 45 
Wind speed (kph) 13 11 
Surface soil temperature (°C) 26 23 
Cloud cover (%) 5 0 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
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Table 0.4.  Application description for Palmer amaranth proportions trial in 2010. 

 EPOSTa MPOST 
Application date June 14 July 1 
Air temperature (°C) 23 23 
Relative humidity (%) 65 68 
Wind speed (kph) 6 11 
Surface soil temperature (°C) 26 22 
Cloud cover (%) 95 95 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
 
Table 0.5.  Application description for Palmer amaranth proportions trial in 2011. 

 EPOSTa MPOST 
Application date June 9 July 1 
Air temperature (°C) 30 28 
Relative humidity (%) 45 45 
Wind speed (kph) 11 11 
Surface soil temperature (°C) 26 24 
Cloud cover (%) 5 0 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
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Table 0.6.  Application description for Palmer amaranth systems trial in 2010. 

 EPOSTa MPOST 
Application date June 15 July 15 
Air temperature (°C) 23 31 
Relative humidity (%) 70 56 
Wind speed (kph) 2 5 
Surface soil temperature (°C) 26 29 
Cloud cover (%) 95 95 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence. 
 
Table 0.7.  Application description for Palmer amaranth systems trial in 2011. 

 EPOSTa MPOST LPOST 
Application date June 9 July 1 August 9 
Air temperature (°C) 32 29 31 
Relative humidity (%) 32 45 45 
Wind speed (kph) 6 13 4 
Surface soil temperature (°C) 27 24 29 
Cloud cover (%) 0 0 0 
Weed height at application 
(cm) 

5 to 10 5 to 10 5 to 10 

Crop stage at application 1 to 2 leaf 4 to 6 leaf Mid-bloom 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
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Table 0.8.  Application description for ivyleaf morningglory tank-mix trial in 2010. 

 EPOSTa MPOST 
Application date June 14 June 25 
Air temperature (°C) 28 29 
Relative humidity (%) 58 46 
Wind speed (kph) 2 5 
Surface soil temperature (°C) 29 32 
Cloud cover (%) 75 5 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 4 to 6 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence. 
 
Table 0.9.  Application description for ivyleaf morningglory tank-mix trial in 2011. 

 EPOSTa MPOST 
Application date July 6 July 22 
Air temperature (°C) 32 28 
Relative humidity (%) 41 62 
Wind speed (kph) 6 14 
Surface soil temperature (°C) 27 30 
Cloud cover (%) 30 0 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 6 to 8 leaf 10 to 12 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
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Table 0.10.  Application description for ivyleaf morningglory proportions trial in 2010. 

 EPOSTa MPOST 
Application date June 14 June 25 
Air temperature (°C) 27 29 
Relative humidity (%) 53 44 
Wind speed (kph) 3 11 
Surface soil temperature (°C) 28 32 
Cloud cover (%) 50 5 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 1 to 2 leaf 4 to 6 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  
 
Table 0.11.  Application description for ivyleaf morningglory proportions trial in 2011. 

 EPOSTa MPOST 
Application date July 6 July 22 
Air temperature (°C) 32 29 
Relative humidity (%) 41 59 
Wind speed (kph) 6 10 
Surface soil temperature (°C) 27 31 
Cloud cover (%) 30 0 
Weed height at application (cm) 5 to 10 10 to 20 
Crop stage at application 6 to 8 leaf 10 to 12 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.  



  Texas Tech University, Jacob D. Reed, August, 2012 

 

46 

Table 0.12.  Application description for ivyleaf morningglory systems trial in 2010. 

 PREa EPOST MPOST 
Application date May 25 June 14 July 15 
Air temperature (°C) 29 26 32 
Relative humidity (%) 30 54 55 
Wind speed (kph) 11 5 5 
Surface soil temperature (°C) 22 28 29 
Cloud cover (%) 10 50 95 
Weed height at application (cm) -- 5 to 10 10 to 20 
Crop stage at application -- 1 to 2 leaf 6 to 8 leaf 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence. 
 
Table 0.13.  Application description for ivyleaf morningglory systems trial in 2011. 

 PREa EPOST MPOST 
Application date May 12 July 6 July 29 
Air temperature (°C) 27 33 31 
Relative humidity (%) 15 39 42 
Wind speed (kph) 16 8 6 
Surface soil temperature (°C) 25 28 33 
Cloud cover (%) 5 30 20 
Weed height at application (cm) -- 5 to 10 10 to 20 
Crop stage at application -- 6 to 8 leaf Mid-bloom 
a  Abbreviations: °C, degrees Celsius; cm, centimeters; EPOST, early-postemergence; kph, kilometers per hour; MPOST, mid-
postemergence.
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CHAPTER IV 

RESULTS AND DISCUSSION 

 A significant year by treatment interaction was observed in all trials except the 

ivyleaf morningglory proportions trial; therefore, data were analyzed separately by 

year. 

Field Studies—Palmer amaranth 

Tank Mixes 

 In 2010, glyphosate at 0.84 kg ae ha-1 and glufosinate at 0.58 kg ai ha-1 

controlled 5 to 10 centimeter Palmer amaranth [Amaranthus palmeri (S.) Wats.] 99 

and 77%, respectively, 7 days after treatment (DAT) (Table 4.1).  Tank mix 

combinations of glyphosate + glufosinate at 0.84 + 0.58, 0.84 + 0.44 0.84 + 0.29, 0.84 

+ 0.15, and 0.42 + 0.58 kg ha-1 controlled Palmer amaranth 60 to 77% 7 DAT.  This 

control was less than that observed with glyphosate alone and similar to control 

following glufosinate alone.  Fourteen DAT, tank-mix combinations of glyphosate at 

0.84 kg ha-1 plus glufosinate at 0.58, 0.44, 0.29, and 0.15 kg ha-1 resulted in 88 to 92% 

control of Palmer amaranth, which was similar to glufosinate at 0.58 kg ha-1 (90%).  

Glyphosate at 0.84 kg ha-1 resulted in greater control (99%) than all other treatments.    

Tank-mix combinations of glufosinate at 0.58 kg ha-1 plus glyphosate at 0.63, 

0.42 and 0.21 kg ha-1 resulted in reduced Palmer amaranth control compared to 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

48 

glyphosate or glufosinate alone 14 and 21 DAT (Table 4.1).  The addition of 

glufosinate to glyphosate appeared to antagonize glyphosate activity resulting in 

reduced control.  These results are similar to Chuah (2008) who reported moderate but 

reduced goosegrass (Eleusine indica Gaertn.) control following the addition of 

glufosinate to glyphosate compared to glyphosate alone. 

 Glyphosate and glufosinate applied to weeds 15 to 20 centimeters in height 

controlled Palmer amaranth 96 and 70%, respectively, 7 DAT (Table 4.1).  Control 

following applications of glyphosate was better than control following glufosinate.  

Tank-mixtures of glyphosate + glufosinate at 0.84 + 0.58, 0.42 + 0.58, and 0.21 + 0.51 

kg ha-1 controlled Palmer amaranth 62 to 65%, which was similar to control with 

glufosinate alone.  All other tank mix combinations controlled Palmer amaranth less 

than glufosinate alone.   

Fourteen and 21 DAT, glyphosate alone controlled Palmer amaranth 98% 

(Table 4.1).  All other tank-mix treatments controlled this weed <70%, which was less 

than the control following glyphosate alone but similar to the control following 

glufosinate alone (60 to 65%).  No increase in control was observed with tank-mix 

combinations early-postemergence (EPOST) or mid-postemergence (MPOST) 

compared to glyphosate alone in 2010.  Similarly, the addition of glyphosate to a 1X 

rate of glufosinate did not improve control compared to glufosinate alone.  Weed size 

did affect control levels for several tank-mixes.  This effect was most pronounced 14 

and 21 DAT where control with glyphosate at 0.84 kg ha-1 and any rate of glufosinate 
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was greater than control with EPOST timings compared to MPOST timings.  Everman 

et al. (2009a) noted the importance of weed size at the time of application for 

controlling Palmer amaranth with glufosinate alone and tank-mixes including 

glufosinate.  

 In 2011, glyphosate alone controlled 5 to 10 centimeter Palmer amaranth 99% 

7 DAT (Table 4.2).  Glufosinate alone controlled this weed 58%, which was less than 

the control following glyphosate alone.  Palmer amaranth control following tank-

mixes of glyphosate at 0.84 kg ha-1 plus glufosinate at any other rate resulted in 92 to 

95% Palmer amaranth control, which was less than glyphosate alone but greater than 

tank-mixtures of glufosinate at 0.58 kg ha-1 plus glyphosate at 0.63, 0.42, and 0.21 kg 

ha-1.   

Fourteen DAT, glyphosate and glufosinate alone controlled Palmer amaranth 

98 and 52%, respectively (Table 4.2).  Control following glyphosate was more 

effective than control by glufosinate.  Applications of glyphosate plus glufosinate at 

0.84 + 0.58, 0.84 + 0.44, and 0.84 + 0.15 kg ha-1 controlled Palmer amaranth less 

effectively (87 to 91%) than control observed with glyphosate alone.   

At 21 DAT, glyphosate plus glufosinate at 0.84 + 0.58 kg ha-1 controlled 

Palmer amaranth 87%, which was similar to the control following glyphosate alone 

(95%) (Table 4.2).  Other tank-mixtures of glyphosate and glufosinate controlled 

Palmer amaranth similar to or better than glufosinate alone (43%).   
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 Mid-postemergence control of 15 to 20 centimeter Palmer amaranth by 

glyphosate alone and glufosinate alone was 95 and 80%, respectively, 7 DAT (Table 

4.2).  Palmer amaranth control with glyphosate plus glufosinate at 0.84 + 0.52 kg ha-1 

was 92%, which was similar to glyphosate alone and greater than glufosinate alone.  

All other tank-mix combinations except glufosinate plus glyphosate at 0.58 + 0.21 kg 

ha-1 resulted in less control than glyphosate alone and similar control to glufosinate 

alone at the 1X rate.  Glyphosate and glufosinate controlled Palmer amaranth 95 and 

73%, respectively, 14 DAT.  Tank-mixes of glyphosate + glufosinate at 0.84 + 0.58, 

0.84 + 0.44, 0.84 + 0.29, 0.84 + 0.15, 0.42 + 0.58, and 0.21 + 0.58 kg ha-1 controlled 

Palmer amaranth similarly (80 to 85%), but was less than the control observed from 

glyphosate alone (95%).   

At 21 DAT, Palmer amaranth control following glufosinate alone was 57%, 

which was less than the control following glyphosate (94%) (Table 4.2).  Poor control 

following glufosinate was likely the result of continued weed regrowth.  Tank-mixes 

of both herbicides controlled Palmer amaranth 67 to 83%, which was less than 

glyphosate applied alone. 

Palmer amaranth control varied between weed size 7 and 14 DAT more than 

21 DAT in 2011.  Glufosinate appeared to be less effective in 2011 as evidenced by 

lower levels of control on smaller weeds for tank-mixes with greater proportions of 

glufosinate 14 DAT.  Climatic conditions were very hot and dry in 2011, which may 

have contributed to the decreased glufosinate activity compared to 2010.  Coetzer et 
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al. (2001) described decreased glufosinate activity on Palmer amaranth under low 

humidity conditions.  Extremely hot temperatures and low humidity in 2011 likely 

affected the contribution of glufosinate in tank-mixes. 

  

Proportional Tank-Mixes 

Proportional tank-mix studies aimed to maintain the total herbicide rate in the 

tank 1X while varying the proportions of glyphosate and glufosinate in the mix.  In 

2010, glyphosate at 0.84 kg ha-1 resulted in 100% control of 5 to 10 centimeter Palmer 

amaranth 7 DAT (Table 4.3).  Reduced Palmer amaranth control (73%) was observed 

with glufosinate at 0.58 kg ha-1.  At 14 DAT, Palmer amaranth control with tank-

mixes of glyphosate and glufosinate ranged from 90 to 96%, which was less than 

control from glyphosate alone (100%).  At 21 DAT, control with tank-mixes ranged 

from 90 to 95% and remained less effective than the control following glyphosate 

alone (100%).   

 Glyphosate alone controlled 15 to 20 centimeter Palmer amaranth 100%, 

which was better than the control following glufosinate alone (65%) at 7 DAT (Table 

4.3).  Palmer amaranth control with tank-mix combinations of glyphosate and 

glufosinate was less than (52%) or similar to (63 to 68%) control following glufosinate 

alone.  Fourteen and 21 DAT, control with glyphosate plus glufosinate tank-mixes 

ranged from 55 to 63 and 50 to 65%, respectively, and was less than control achieved 

with glyphosate alone (100%).  For all proportional tank-mix applications in 2010, 
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weed size affected levels of control.  Control achieved by EPOST applications was 

greater than MPOST applications for all tank-mix combinations.  Additionally, 

applications of glufosinate alone controlled 5 to 10 centimeter weeds better than 15 to 

20 centimeter weeds when observed 14 and 21 DAT.  

 In 2011, glyphosate at 0.84 kg ha-1 controlled 5 to 10 centimeter Palmer 

amaranth 99% 7 DAT (Table 4.4).  Less control was observed with glufosinate at 0.58 

kg ha-1 (68%).  Proportional tank-mixes resulted in less Palmer amaranth control (50 

to 92%) than glyphosate alone.  At 14 DAT, Palmer amaranth control following 

glyphosate at 0.84 kg ha-1 was 99% and control was reduced with decreasing levels of 

glyphosate in tank-mix combinations.  Similar observations were made at 21 DAT. 

 Tank-mix combinations of glyphosate plus glufosinate applied to 15 to 20 

centimeter Palmer amaranth resulted in less control (60 to 82%) than control observed 

following glyphosate alone (98%) 7 DAT (Table 4.4).  Glufosinate alone controlled 15 

to 20 centimeter Palmer amaranth 77%, which was similar to glyphosate + glufosinate 

at 0.42 + 0.29 kg ha-1.  At 14 and 21 DAT, reduced Palmer amaranth control was 

observed with decreasing levels of glyphosate in tank-mix, which was similar to 

observations made at 7 DAT.   

Tank-mix combinations of glyphosate plus glufosinate at 0.63 + 0.15 and 0.21 

+ 0.44 kg ha-1 resulted in better control of 15 to 20 centimeter Palmer amaranth 

compared to 5 to 10 centimeter weeds at 7, 14 and 21 DAT.  Glufosinate alone 

controlled 15 to 20 centimeter weeds better than 5 to 10 centimeter weeds 7 and 14 
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DAT.  This improved control was likely the result of higher humidity and reduced 

plant stress at the MPOST application timing compared to the EPOST timing. 

Results from these trials indicate antagonism of glyphosate activity by 

glufosinate on Palmer amaranth control.  Kudsk and Mathiassen (2004) observed 

antagonism of glyphosate by glufosinate when applied to wild mustard (Sinapis 

arvensis L.).  These results confirmed that response levels of proportional tank-mixes 

of these two herbicides were less than predicted by additive dose models, indicating 

strong antagonism between glyphosate and glufosinate.  In contrast, Brabham and 

Johnson (2010) observed synergistic additive effects for tank-mixtures of glufosinate 

and fomesafen [5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-

nitrobenzamide] on common lambsquarters (Chenopodium album L.).  It is likely that 

herbicide mode of action plays a role in herbicide antagonism. 

Systems 

 Palmer amaranth control in 2010 with EPOST applications of glyphosate was 

100% at all rating dates (Table 4.5).  Early-postemergence applications of glufosinate 

were less effective at controlling Palmer amaranth 7, 14, and 21 DAT (91 to 96%).  

After sequential MPOST applications, greater than 97% control was achieved with all 

treatments.  At 21 DAT, all treatments with glyphosate as part of the sequence 

achieved 100% control of Palmer amaranth.  No late-postemergence (LPOST) 

treatments were applied due to canopy closure. 
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 Cotton lint yield ranged from 258 kg ha-1 in the untreated plots to 608 kg ha-1 

in glyphosate followed by (fb) glyphosate-treated plots (Table 4.5).  No differences in 

cotton lint yield were observed following any of the sequential treatments, but all 

treatment yields were greater than the non-treated control. 

 In 2011, EPOST, MPOST and LPOST applications were made.  Similarly to 

2010, EPOST applications of glyphosate were more effective at controlling Palmer 

amaranth than glufosinate (Table 4.6).  Early-postemergence control of Palmer 

amaranth with glyphosate ranged from 88 to 97%, while control following glufosinate 

did not exceed 62%.  Mid-postemergence treatments of glyphosate preceded by either 

glyphosate or glufosinate achieved greater than 95% Palmer amaranth control 14 

DAT.  Less Palmer amaranth control was observed in treatments in which glufosinate 

followed either glufosinate or glyphosate.  Late-postemergence control of Palmer 

amaranth was dependent on EPOST and MPOST herbicide selection.  Glyphosate 

applied sequentially three times resulted in 100% Palmer amaranth control.  When 

glyphosate applied twice in sequence followed an EPOST application of glufosinate, 

99% Palmer amaranth control was achieved.  When glufosinate was used either 

second or third in sequence with two applications of glyphosate, reduced levels of 

Palmer amaranth control were observed (92 to 95%).  Sequences with two applications 

of glufosinate benefited from glyphosate applied either MPOST or LPOST (87 to 

90%), but EPOST applications of glyphosate fb MPOST and LPOST applications of 
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glufosinate did not achieve greater than 63% Palmer amaranth control.  Three 

applications of glufosinate was not effective controlling Palmer amaranth (57%). 

 Cotton lint yields were poor in 2011 due to hot, dry conditions.  Maximum 

yield (386 to 395 kg ha-1) was achieved with three applications of glyphosate or two 

applications of glyphosate following glufosinate EPOST (Table 4.6).  These two 

treatments also had the greatest level of weed control, whereas lower yield 

corresponded to reduced levels of Palmer amaranth control. 

 Results from these studies indicate that sequential applications of glyphosate 

are most effective for controlling Palmer amaranth in Texas High Plains Glytol® + 

LibertyLink® cotton.  Effective Palmer amaranth control was achieved even if 

glufosinate was used first in the sequence.  Sequential applications of glyphosate 

effectively controled weeds in several other crops (Norsworthy and Oliver, 2002; 

Hutchinson et al., 2003; Thomas et al., 2004).  Glyphosate applications may 

successfully control initial weed infestations as well as successive flushes of emerging 

weeds throughout the growing season.  However, where glyphosate-resistant Palmer 

amaranth has infested fields, alternative modes of action or weed management 

strategies must be sought (Whitaker et al., 2010a; b; Neve et al., 2011). 
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Field Studies—Ivyleaf morningglory 

Tank mixes 

 In 2010, glufosinate at 0.58 kg ai ha-1 and glyphosate at 0.84 kg ae ha-1 

controlled 5 to 10 centimeter ivyleaf morningglory 50 and 85%, respectively, 7 DAT 

(Table 4.7).  Glufosinate at 0.58 kg ha-1 with the addition of glyphosate at 0.63 and 

0.42 kg ha-1 controlled this weed 78 to 87% 7 DAT, which was similar to control 

following glufosinate alone.  Glyphosate at 0.84 kg ha-1 plus glufosinate at 0.58 or 

0.44 kg ha-1 controlled this weed similarly to glufosinate alone.  Other tank mixes of 

glyphosate and glufosinate were less effective at controlling ivyleaf morningglory 

when evaluated 7 DAT.   

At 14 DAT, all tank mix combinations controlled morningglory similar to 

glufosinate alone, except glyphosate + glufosinate at 0.84 + 0.15 kg ha-1 (Table 4.7).  

At 21 DAT, all tank mixes except glyphosate at 0.84 kg ha-1 + glufosinate at 0.29 and 

0.15 kg ha-1 controlled ivyleaf morningglory similar to glufosinate alone.  

Morningglory control with tank-mixes of glyphosate at 0.84, 0.63, and 0.42 kg ha-1 

with full rates of glufosinate at 0.58 kg ha-1 were not different from glufosinate alone 

at all observation dates.  Weed size had little effect on control in 2010 at all 

observation dates except for applications of glufosinate alone and glufosinate at 0.58 

kg ha-1 + glyphosate at either 0.84 or 0.63 kg ha-1.   

Glufosinate at 0.58 kg ha-1 controlled 15 to 20 centimeter morningglory with 

87% 7 DAT in 2010 (Table 4.7).  Glyphosate at 0.84 kg ha-1 controlled this weed 
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40%, which was less than control achieved with glufosinate alone.  All tank-mixtures 

except glyphosate at 0.84 kg ha-1 + glufosinate at 0.29 and 0.15 kg ha-1 achieved 

similar control (87 to 90%).    

At 14 and 21 DAT, control with any tank mix was similar to that of glufosinate 

alone.  Glufosinate has been shown to be more effective at controlling morningglory 

species than glyphosate after one application (Culpepper et al., 2000; Riar et al., 

2011).  Better control following glufosinate may be the result of less herbicide 

metabolism in species of Ipomoea compared to other weed species (Everman et al., 

2009b). 

 In 2011, similar control of 5 to 10 centimeter morningglory was achieved 7 

DAT with applications of glufosinate alone (85%) and with all tank-mix combinations 

except glyphosate plus glufosinate at 0.84 + 0.15 kg ha-1 (Table 4.8).  Applications of 

glyphosate alone achieved 70% ivyleaf morningglory control.  Ivyleaf morningglory 

control 14 and 21 DAT following all tank-mix combinations ranged from 80 to 95%, 

which was similar to control following glufosinate alone (87 to 88%).  A trend toward 

greater levels of control with increased rates of glufosinate in tank mix was noted. 

 Glufosinate alone controlled 15 to 20 centimeter ivyleaf morningglory 92% 7 

DAT in 2011 (Table 4.8).  Only applications of glyphosate plus glufosinate at 0.84 + 

0.58 kg ha-1 and 0.21 + 0.58 kg ha-1 provided similar control (90 to 93%).  Glyphosate 

alone controlled this weed 65% 7 DAT.  At 14 DAT, glufosinate alone at 0.58 kg ha-1 

and glyphosate alone at 0.84 kg ha-1 controlled ivyleaf morningglory 96 and 72%, 
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respectively.  Tank-mix combinations of glyphosate plus glufosinate at 0.84 + 0.58 

and 0.21 + 0.58 kg ha-1 achieved similar control.  Similar results were apparent when 

evaluated 21 DAT.   

As in 2010, weed size had very little effect on morningglory control in 2011.  

At 7 and 14 DAT, lower levels of control were observed following glufosinate alone 

applied to 5 to 10 centimeter weeds, but all other treatments provided similar levels of 

control compared across weed size.  Tank-mixing various herbicides with glyphosate 

has been shown to be an effective means of increasing morningglory control 

(Culpepper et al., 2001).  However, morningglory species are often difficult to control 

and tank mixes do not always improve control of troublesome weeds (Palmer et al., 

2000).  Results from tank-mix trials would seem to confirm that adding glyphosate to 

glufosinate does not improve control of ivyleaf morningglory above what glufosinate 

alone provided.   

Proportional Tank Mixes 

 No year by treatment interaction was observed for the ivyleaf morningglory 

proportional tank-mix trials; therefore, data from 2010 and 2011 are presented 

together.  Proportional tank-mix combinations provided similar levels of ivyleaf 

morningglory control (73 to 85%) as glufosinate alone at 0.58 kg ha-1 (91%) 7 DAT 

when applied to 5 to 10 centimeter morningglory (Table 4.9).   A trend toward less 

control was observed with decreasing rates of glufosinate.  Ivyleaf morningglory was 

controlled 58% following glyphosate at 0.84 kg ha-1.  Tank-mix combinations of 
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glufosinate plus glyphosate at 0.21 + 0.44 kg ha-1 achieved 88% control 14 DAT, 

which was similar to control following glufosinate alone (94%).  Other tank-mix 

combinations provided less effective ivyleaf morningglory control than glufosinate 

alone.  Ivyleaf morningglory control 21 DAT were similar to control observed 14 

DAT. 

 Glufosinate and glyphosate alone at 0.58 and 0.84 kg ha-1 controlled 15 to 20 

centimeter ivyleaf morningglory 88 and 53%, respectively, 7 DAT (Table 4.9).  All 

tank-mix combinations provided control similar to glufosinate alone.   Observations 

14 DAT were similar.  At 21 DAT, glufosinate alone controlled ivyleaf morningglory 

88%.  Tank-mix combinations of glyphosate and glufosinate provided less control, 

which was similar control following glyphosate alone (68%).   

 When analyzed over years, differences in control were observed between 

applications made to 5 to 10 and 15 to 20 centimeter weeds, especially 14 and 21 

DAT.  Glufosinate alone provided better control of 5 to 10 centimeter weeds than 15 

to 20 centimeter weeds at all observation dates.  Proportional tank mixes of glyphosate 

+ glufosinate at 0.42 + 0.29 and 0.21 + 0.44 kg ha-1 controlled 5 to 10 centimeter 

morningglory better than 15 to 20 centimeter morningglory.   

 Antagonism of glufosinate activity has been reported (Kudsk and Mathiassen, 

2004; Chuah et al., 2008).  Antagonism of glufosinate by other herbicides was highly 

dependent on the weed species evaluated, tank-mix partner, and environmental 

conditions.  Synergism with combinations of glufosinate and other herbicides has also 
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been reported (Lanclos et al., 2002) and varied depending on weed, tank-mix 

combination, and environmental conditions.  Humidity and growing conditions may 

affect the level of antagonistic effects observed with glufosinate and other herbicides 

(Coetzer et al., 2001). 

Systems 

 In 2010, glufosinate applied EPOST at 0.58 kg ha-1 controlled morningglory 

88 to 95% 7 DAT (Table 4.10).  Early-postemergence applications of glufosinate 

following prometryn controlled morningglory better (95%) than EPOST applications 

with no PRE treatment (88 to 90%).  Glyphosate EPOST at 0.84 kg ha-1 controlled 

morningglory 57 to 68%.  Mid-postemergence applications that included glufosinate 

controlled morningglory better regardless of EPOST or PRE herbicide treatment.  

Ivyleaf morningglory control with sequential applications that included glufosinate 

MPOST ranged from 96 to 100% at all application timings.  Control with glyphosate 

MPOST did not exceed 80% following any application timing.  This lack of control 

was likely due to poor control of a second flush of morningglory that emerged 

between the EPOST and MPOST applications.  Late-postemergence timings were not 

applied in 2010 due to canopy closure.   

 Cotton yield following all sequential treatments in 2010 were better than the 

untreated control (Table 4.10).  Yield for all treatments were similar except between 

prometryn PRE fb glyphosate fb glyphosate compared to no PRE fb glufosinate fb 

glufosinate.  Level of control by 21 days after MPOST timings did not appear to affect 
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cotton yield.  Yield following sequential treatments ranged from 701 to 788 kg ha-1, 

while yield in the non-treated control was 546 kg ha-1. 

 In 2011, PRE applications of prometryn did not improve control of ivyleaf 

morningglory following EPOST treatments except for glyphosate fb glyphosate 14 

and 21 DAT (Table 4.11).  This is likely due to a lack of rainfall after planting and 

poor herbicide activation.  Early-postemergence applications of glufosinate provided 

better control (82 to 87%) than glyphosate (67 to 75%) when evaluated 7 DAT.  

Ivyleaf morningglory control with glufosinate was 85 to 88% 14 DAT, while 

glyphosate provided 70 to 78% ivyleaf morningglory control.   At 21 DAT, ivyleaf 

morningglory control with glufosinate (85 to 92%) remained superior to control from 

glyphosate (68 to 77%). 

 Mid-postemergence applications of glufosinate fb glufosinate and glufosinate 

fb glyphosate provided the best control of ivyleaf morningglory 7 DAT (80 to 93%) 

(Table 4.11).  Preemergence treatments did not affect control 14 DAT, except with 

applications of glufosinate fb glyphosate.  This treatment controlled ivyleaf 

morningglory 93% when preceded by prometryn PRE, but control was 82% when no 

PRE was applied.  At 21 DAT, this pattern was similar and all treatments achieved 

similar control except for treatments with MPOST applications of glyphosate with no 

PRE.  Late-postemergence treatments were not applied and cotton yields were not 

recorded due to record hot and dry conditions in 2011. 
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 Fields infested with morningglory species should be treated with soil-applied 

PRE herbicides in addition to preplant incorporated herbicides to achieve maximum 

weed control.  Soil-applied herbicides have been shown to contribute to effective 

morningglory control (Bhullar et al., 2011) for several weeks into the growing season, 

but late-season control may be reduced without the use of layby treatments.  

Morningglory species may be successfully managed with glufosinate and sequential 

applications of this herbicide often aid in season-long control (Burke et al., 2008a).  

GlyTol® + LibertyLink® cotton allows producers to control morningglory infestations 

in the Texas High Plains in-season with sequential applications of glufosinate.  

Greenhouse Studies 

Palmer amaranth 

Significant run by treatment interactions were observed; therefore, data are 

presented by run.  In run one, all observed treatment responses for Palmer amaranth 

control 14 DAT except glyphosate at 0.42 kg ae ha-1 and glufosinate at 0.44 kg ai ha-1 

were different than the calculated expected responses for those treatments (Table 

4.12).  Additionally, all different observed responses were less than expected 

responses indicating antagonistic effects.   

Most run two observed treatment responses were also lower than expected 

responses (Table 4.12).  Tank-mix combinations of glyphosate plus glufosinate at 0.84 

+ 0.58, 0.84 + 0.44, 0.63 + 0.15, and 0.21 + 0.44 kg ha-1 provided similar levels of 
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control to the expected values for these treatments.  However, all other treatments 

resulted in antagonistic effects on Palmer amaranth control.  Observed responses were 

lower than expected responses in each case.   

These greenhouse trials support the suspected high levels of antagonism 

observed in field studies and suggest that glyphosate and glufosinate should not be 

applied in tank-mixture to control Palmer amaranth.  Whitaker et al. (2010a) reported 

antagonism of glyphosate by glufosinate on glyphosate-resistant Palmer amaranth in 

North Carolina.  They suggested sequential applications of glufosinate could be used 

to manage this weed.  Everman et al. (2007) reported that the addition of pyrithiobac 

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

trifloxysulfuron [N-[[(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]-3-(2,2,2-

trifluoroethoxy)-2-pyridinesulfonamide] to glufosinate provided additional control of 

Palmer amaranth compared to glufosinate alone.  However, application and plantback 

restrictions for trifloxysulfuron in cotton and plantback restrictions to sorghum for 

pyrithiobac limit tank-mixes of glufosinate with these two herbicides in West Texas.   

Ivyleaf morningglory 

 Results from ivyleaf morningglory greenhouse trials indicated antagonistic 

effects.  In run one, five treatments resulted in observed ivyleaf morningglory control 

similar to expected control including glyphosate plus glufosinate at 0.84 + 0.58, 0.63 + 

0.15, 0.21 + 0.58, 0.21 + 0.44, and 0.21 + 0.29 kg ha-1.  All other treatments resulted 
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in lower observed ivyleaf morningglory control than expected, which indicates 

antagonistic effects (Table 4.13).   

 In run two, applications of glyphosate plus glufosinate at 0.63 + 0.15, 0.21 + 

0.29, and 0.21 + 0.15 kg ha-1 resulted in ivyleaf morningglory control similar to 

calculated expected control (Table 4.13).  All other observed control levels indicated 

antagonistic effects when compared to expected levels.  Greenhouse trials appear to 

agree with field observations suggesting that while antagonism of glufosinate by 

glyphosate occurs in ivyleaf morningglory, the effects are not as pronounced as 

antagonism observed on Palmer amaranth. 

 Glufosinate activity has been reported to be antagonized by several herbicides 

including propanil [N-(3,4-dichlorophenyl)propanamide], triclopyr [2-[(3,5,6-

trichloro-2-pyridinyl)oxy]acetic acid], acetochlor [2-chloro-N-(ethoxymethyl)-N-(2-

ethyl-6-methylphenyl)acetamide] plus atrazine [6-chloro-N-ethyl-N′-(1-methylethyl)-

1,3,5-triazine-2,4-diamine], flumetsulam [N-(2,6-difluorophenyl)-5-

methyl[1,2,4]triazolo[1,5-a]pyrimidine-2-sulfonamide], pendimethalin [N-(1-

ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine] and MSMA (sodium hydrogen 

methylarsonate) (Lanclos et al., 2002; Tharp and Kells, 2002; Koger et al., 2007a).  

Synergism of glufosinate is less common and does not often result in significant 

improvements over glufosinate alone.   Lanclos (2002) reported increased control of 

rice flatsedge (Cyperus iria  L.) and spreading dayflower (Commelina diffusa Burm. 

F.) with tank-mixtures of glufosinate and propanil or triclopyr over glufosinate alone, 
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while control of broadleaf signalgrass [Urochloa platyphylla (Nash) R. D. Webster] 

was not improved with tank-mix combinations of glufosinate and propanil or triclopyr.  

Burke et al. (2008b) reported no improvement in control of yellow or purple nutsedge 

(Cyperus esculentus L.; C. rotundus L.) with the addition of glufosinate to MSMA 

compared to MSMA alone   Therefore, sequential applications involving glufosinate 

and other herbicides have been suggested as a means of lowering the probability of 

antagonistic interactions (Gardner et al., 2006b). 
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Table 0.1.  Palmer amaranth control with glyphosate and glufosinate tank-mixes in 2010. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Untreated 0 e 0 d 0 d 0 e 0 d 0 d
glyphosate 0.84 99 a 99 a 99 a 96 a 98 a 98 a
glufosinate 0.58 70 bc 90 b* 83 b 70 b 60 bc 65 bc
glyphosate + glufosinate 0.84+0.58 77 b 85 b* 83 b* 65 bc 65 b 67 b
glyphosate + glufosinate 0.84+0.44 75 b* 90 b* 85 b* 57 cd 55 bc 53 c
glyphosate + glufosinate 0.84+0.29 70 bc 88 b* 85 b* 53 d 52 c 58 bc
glyphosate + glufosinate 0.84+0.15 75 b* 92 b* 87 b* 53 d 58 bc 57 bc
glufosinate + glyphosate 0.58+0.63 53 d 67 c 67 c 57 cd 62 bc 57 bc
glufosinate + glyphosate 0.58+0.42 60 cd 70 c 70 c* 62 bcd 60 bc 57 bc
glufosinate + glyphosate 0.58+0.21 50 d 65 c 65 c 62 bcd 57 bc 57 bc
SE 4.3 3.7 3.1 2.6 3.1 3.4

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Palmer amaranth

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

67 

 

Table 0.2.  Palmer amaranth control with glyphosate and glufosinate tank-mixes in 2011. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Untreated 0 f 0 g 0 g 0 e 0 e 0 f
glyphosate 0.84 99 a 98 a 95 a 95 a 95 a 94 a
glufosinate 0.58 58 e* 52 f 43 f 80 d 73 d 57 e
glyphosate + glufosinate 0.84+0.58 92 b 93 b* 87 ab 92 ab 85 b 83 b
glyphosate + glufosinate 0.84+0.44 93 b* 88 bc* 85 bc 85 cd 80 bcd 75 c
glyphosate + glufosinate 0.84+0.29 92 b 87 bc 77 bc 78 d 75 cd 73 cd
glyphosate + glufosinate 0.84+0.15 95 b* 91 b 83 bc 82 cd 80 bcd 77 bc
glufosinate + glyphosate 0.58+0.63 82 c 78 cd* 73 cd 78 d 72 d 67 d
glufosinate + glyphosate 0.58+0.42 72 d* 62 ef* 47 ef* 85 cd 80 bcd 77 bc
glufosinate + glyphosate 0.58+0.21 73 cd* 73 de* 60 de 89 bc 83 bc 78 bc
SE 3.0 3.9 4.3 3.0 2.9 2.3

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Palmer amaranth

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.3.  Palmer amaranth control with glyphosate and glufosinate proportional tank-mixes in 2010. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Untreated 0 d 0 d 0 d 0 d 0 c 0 e
glyphosate 0.84 100 a 100 a 100 a 100 a 100 a 100 a
glyphosate + glufosinate 0.63+0.15 83 b* 90 c* 90 c* 68 b 63 b 65 b
glyphosate + glufosinate 0.42+0.29 78 bc* 95 bc* 95 bc* 63 b 63 b 60 bc
glyphosate + glufosinate 0.21+0.44 75 c* 96 b* 90 c* 52 c 55 b 50 d
glufosinate 0.58 73 c 96 b* 96 b* 65 b 55 b 55 cd
SE 2.6 3.3 3.2 2.3 2.4 2.3

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Palmer amaranth

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.4.  Palmer amaranth control with glyphosate and glufosinate proportional tank-mixes in 2011. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Untreated 0 e 0 e 0 e 0 e 0 e 0 e
glyphosate 0.84 99 a 99 a 97 a 98 a 99 a 99 a
glyphosate + glufosinate 0.63+0.15 92 b* 92 b* 85 b* 60 b 55 b 55 b
glyphosate + glufosinate 0.42+0.29 65 c 58 c 50 c 65 c 58 c 58 c
glyphosate + glufosinate 0.21+0.44 50 d* 38 d* 28 d* 82 d 73 d 73 d
glufosinate 0.58 68 c* 58 c* 53 c 77 c 63 c 63 c
SE 1.8 2.6 3.7 1.8 2.6 3.7

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Palmer amaranth

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.5.  Palmer amaranth control with glyphosate and glufosinate sequential treatments in 2010. 

Treatment

Untreated 0 c 0 c 0 d 0 d 0 c 0 c 258 b

glyphosate fb glyphosatec 100 a 100 a 100 a 100 a 100 a 100 a 608 a
glyphosate fb glufosinate 100 a 100 a 100 a 99 b 100 a 100 a 557 a
glufosinate fb glyphosate 92 b 96 b 94 c 100 a 100 a 100 a 596 a
glufosinate fb glufosinate 91 b 96 b 96 b 97 c 98 b 97 b 572 a
SE 1.9 2.3 2.4 1.5 1.8 2.6 179

Yield

Cotton

Lint

kg/ha
7 DATb 14 DAT 21 DAT

-----------------------------% control-------------------------------

Palmer amaranth

7 DAT 14 DAT 21 DAT

MPOSTEPOSTa

 
a Abbreviations: DAT, days after treatment; EPOST, ealy-postemergence; fb, followed by; MPOST, mid-postemergence; gly, glyphosate; glu, 
glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Glyphosate was applied at a rate of 0.84 kg ae ha-1 and was glufosinate applied at a rate of 0.58 kg ai ha-1. 
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Table 0.6.  Palmer amaranth control with glyphosate and glufosinate sequential treatments in 2011. 

Treatment

Untreated 0 c 0 c 0 c 0 d 0 d 0 c 0 e 0 g 0 e

gly fb gly fb glyc 97 a 94 a 90 a 99 a 99 a 98 a 100 a 100 a 386 ab
gly fb gly fb glu 95 a 92 a 88 a 98 a 98 a 98 a 96 b 95 b 330 b
gly fb glu fb gly 93 a 91 a 88 a 83 b 77 bc 72 b 90 bc 92 bc 217 c
glu fb gly fb gly 62 b 60 b 50 b 98 a 98 a 97 a 95 b 99 a 395 a
glu fb glu fb gly 60 b 62 b 57 b 75 c 68 c 62 b 85 c 87 d 46 e
glu fb gly fb glu 62 b 60 b 52 b 98 a 95 a 94 a 92 b 90 cd 223 c
gly fb glu fb glu 94 a 93 a 90 a 83 bc 80 b 72 b 63 d 62 e 156 d
glu fb glu fb glu 60 b 55 b 52 b 77 bc 72 bc 63 b 57 d 53 f 0 e
SE 4.0 3.8 3.7 2.8 2.7 3.4 3.2 2.2 88

kg/ha-------------------------------------------% control-------------------------------------------
7 DATb 14 DAT 21 DAT

Cotton

Lint

Yield

Palmer amaranth

7 DAT 14 DAT 21 DAT

MPOSTEPOSTa LPOST

7 DAT 14 DAT

 
a Abbreviations: DAT, days after treatment; EPOST, ealy-postemergence; fb, followed by; MPOST, mid-postemergence; LPOST, late-postemergence; 
gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Glyphosate was applied at a rate of 0.84 kg ae ha-1 and was glufosinate applied at a rate of 0.58 kg ai ha-1. 
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Table 0.7.  Ivyleaf morningglory control with glyphosate and glufosinate tank-mixes in 2010. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Treated control (s -metolachlor) 0 e 0 f 0 f 0 e 0 e 0 e
glyphosate 0.84 50 d 47 e 43 e 40 d 50 d 55 d
glufosinate 0.58 85 a 85 abc* 83 ab* 87 ab 68 abc 72 abc
glyphosate + glufosinate 0.84+0.58 83 ab* 78 bcd 82 abc* 90 a 73 a 65 bc
glyphosate + glufosinate 0.84+0.44 78 ab 77 cd 75 bcd 87 ab 65 abc 63 cd
glyphosate + glufosinate 0.84+0.29 67 c 73 cd 72 cd 80 b 67 abc 67 abc
glyphosate + glufosinate 0.84+0.15 65 c 68 d 68 d 68 c 60 cd 65 bc
glufosinate + glyphosate 0.58+0.63 83 ab 88 ab* 90 a* 87 ab 65 abc 72 abc
glufosinate + glyphosate 0.58+0.42 87 a 90 a 88 a 90 a 73 a 75 a
glufosinate + glyphosate 0.58+0.21 75 bc 75 cd 73 bcd 88 a 62 bcd 73 ab
SE 3.1 4.0 3.6 2.7 3.5 2.5

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Ivyleaf morningglory

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.8.  Ivyleaf morningglory control with glyphosate and glufosinate tank-mixes in 2011. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Treated control (s -metolachlor) 0 e 0 e 0 e 0 f 0 e 0 f
glyphosate 0.84 70 d 70 d 70 d 65 e 72 d 73 e
glufosinate 0.58 85 ab* 88 abc* 87 abc 92 a 96 a 93 ab
glyphosate + glufosinate 0.84+0.58 92 a 95 a 95 bc 93 a 94 a 95 a
glyphosate + glufosinate 0.84+0.44 83 ab 85 abc 85 cd 85 bc 87 b 87 bc
glyphosate + glufosinate 0.84+0.29 77 b 80 abc 80 abc 78 cd 75 d 75 de
glyphosate + glufosinate 0.84+0.15 78 c 80 cd 80 bc 73 de 77 cd 75 de
glufosinate + glyphosate 0.58+0.63 83 ab 85 abc 85 abc 82 cd 85 bc 85 cd
glufosinate + glyphosate 0.58+0.42 88 a 92 ab 92 a 83 cd 87 b 85 cd
glufosinate + glyphosate 0.58+0.21 82 a 82 bcd 82 ab 90 ab 90 ab 90 abc
SE 2.7 3.5 2.5 2.6 3.3 3.7

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Ivyleaf morningglory

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.9.  Ivyleaf morningglory control with glyphosate and glufosinate proportional tank-mixes in 2010 and 2011. 

15 to 20 cm

Treatment Rate

(kg ha
-1

)
d

Treated control (s -metolachlor) 0 c 0 d 0 d 0 c 0 c 0 c
glyphosate 0.84 58 b 58 c 62 c* 53 b 63 b 68 b
glyphosate + glufosinate 0.63+0.15 73 ab 74 bc 74 bc 71 ab 73 ab 70 b
glyphosate + glufosinate 0.42+0.29 75 ab 79 b* 81 b* 75 ab 74 ab 71 b
glyphosate + glufosinate 0.21+0.44 85 a 88 ab* 88 ab* 82 a 78 ab 76 b
glufosinate 0.58 91 a* 94 a* 94 a* 88 a 88 a 88 a
SE 5.2 3.5 4.0 4.5 4.2 3.1

7 DATbc 14 DAT 21 DAT

-----------------------------% control-------------------------------

Ivyleaf morningglory

7 DAT 14 DAT 21 DAT

5 to 10 cma

 
a Abbreviations: DAT, days after treatment; gly, glyphosate; glu, glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Asterisks denote significant differences in transformed least-squared means between weed sizes for a day after treatment using the PDIFF option in 
SAS at P=0.05. 
d Glyphosate is expressed as kg ae ha-1 whereas glufosinate is expressed as kg ai ha-1. 
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Table 0.10.  Ivyleaf morningglory control with glyphosate and glufosinate sequential treatments in 2010. 

Treatment

Treated control (s-metolachlor) 0 e 0 d - 0 c 0 c 0 c 546 c
prometryn PRE

glyphosate fb glyphosatec 65 cd 80 bc - 75 b 75 b 79 b 786 a
glyphosate fb glufosinate 68 c 87 ab - 99 a 100 a 100 a 716 ab
glufosinate fb glyphosate 95 a 97 a - 73 b 76 b 80 b 783 ab
glufosinate fb glufosinate 95 a 96 a - 100 a 100 a 100 a 739 ab

no PRE
glyphosate fb glyphosate 58 d 65 c - 72 b 72 b 75 b 788 a
glyphosate fb glufosinate 57 b 68 b - 99 a 99 a 100 a 731 ab
glufosinate fb glyphosate 88 d 87 c - 68 b 70 b 73 b 744 ab
glufosinate fb glufosinate 90 b 90 ab - 96 a 96 a 98 a 701 b

SE 2.42 5.0 6.1 6.6 6.1 119

Yield

Cotton

Lint

kg/ha
7 DATb 14 DAT 21 DAT

-----------------------------% control-------------------------------

Ivyleaf morningglory

7 DAT 14 DAT 21 DAT

MPOSTEPOSTa

a Abbreviations: DAT, days after treatment; EPOST, ealy-postemergence; fb, followed by; MPOST, mid-postemergence; gly, glyphosate; glu, 
glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Glyphosate was applied at a rate of 0.84 kg ae ha-1 and was glufosinate applied at a rate of 0.58 kg ai ha-1. 
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Table 0.11.  Ivyleaf morningglory control with glyphosate and glufosinate sequential treatments in 2011. 

Treatment

Treated control (s-metolachlor) 0 d 0 d 0 e 0 f 0 e 0 c
prometryn PRE

glyphosate fb glyphosatec 75 bc 78 b 77 c 83 cd 85 bcd 88 ab
glyphosate fb glufosinate 67 c 77 b 77 c 87 bcd 88 abc 88 ab
glufosinate fb glyphosate 87 a 88 a 87 b 88 abc 93 a 93 a
glufosinate fb glufosinate 83 a 88 a 88 ab 92 ab 90 ab 90 a

no PRE
glyphosate fb glyphosate 73 c 70 c 68 d 75 e 83 cd 83 b
glyphosate fb glufosinate 68 c 75 bc 75 c 87 bcd 88 abc 90 a
glufosinate fb glyphosate 83 a 85 a 85 b 80 de 82 d 82 b
glufosinate fb glufosinate 82 ab 88 a 92 a 93 a 92 a 92 a

SE 2.7 1.9 1.9 2.5 2.5 2.6

7 DATb 14 DAT 21 DAT
-----------------------------% control-------------------------------

Ivyleaf morningglory

7 DAT 14 DAT 21 DAT

MPOSTEPOSTa

 
a Abbreviations: DAT, days after treatment; EPOST, ealy-postemergence; fb, followed by; MPOST, mid-postemergence; gly, glyphosate; glu, 
glufosinate; SE, standard error. 
b Means within columns followed by the same letter are not significantly different according to differences of transformed least-squared means using the 
PDIFF option in SAS at P=0.05. 
c Glyphosate was applied at a rate of 0.84 kg ae ha-1 and was glufosinate applied at a rate of 0.58 kg ai ha-1. 
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Table 0.12.  Observed means and calculated expected responses for Palmer amaranth 
control 14 days after treatment. 

Glyphosate Glufosinate
Rate Rate

(kg ae ha
-1

) (kg ai ha
-1

)
0 0 0 - 0 -

0.84 0 84 - 88 -
0.63 0 74 - 83 -
0.42 0 58 - 75 -
0.21 0 46 - 69 -

0 0.58 53 - 83 -
0 0.44 35 - 75 -
0 0.29 58 - 71 -
0 0.15 41 - 56 -

0.84 0.58 58 * 92 89 98
0.84 0.44 75 * 89 87 97
0.84 0.29 72 * 93 75 * 96
0.84 0.15 57 * 90 73 * 95
0.63 0.58 56 * 88 84 * 97
0.63 0.44 44 * 83 76 * 96
0.63 0.29 26 * 89 79 * 95
0.63 0.15 66 * 90 85 95
0.42 0.58 55 * 80 69 * 96
0.42 0.44 69 73 66 * 94
0.42 0.29 66 * 82 73 * 93
0.42 0.15 37 * 75 75 * 89
0.21 0.58 31 * 75 67 * 95
0.21 0.44 34 * 65 83 92
0.21 0.29 50 * 77 74 * 91
0.21 0.15 46 * 69 45 * 86

-------------------------% control ---------------------------

Observed Expected
Run 1

Observed Expected
Run 2

* Observed means followed by an asterisk are significantly different at P=0.05 from expected responses 
calculated using Colby’s method.  Observed means less than expected responses indicate antagonistic 
effects. 
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Table 0.13.  Observed means and calculated expected responses for ivyleaf 
morningglory control 14 days after treatment. 

Glyphosate Glufosinate
Rate Rate

(kg ae ha
-1

) (kg ai ha
-1

)
0 0 0 - 0 -

0.84 0 53 - 52 -
0.63 0 49 - 37 -
0.42 0 50 - 52 -
0.21 0 16 - 21 -

0 0.58 80 - 49 -
0 0.44 85 - 50 -
0 0.29 80 - 48 -
0 0.15 82 - 37 -

0.84 0.58 85 91 46 * 75
0.84 0.44 58 * 93 37 * 76
0.84 0.29 69 * 91 53 * 75
0.84 0.15 76 * 92 50 * 69
0.63 0.58 80 * 90 55 * 67
0.63 0.44 83 * 92 54 * 68
0.63 0.29 80 * 90 54 * 67
0.63 0.15 85 92 53 60
0.42 0.58 81 * 90 43 * 76
0.42 0.44 81 * 93 50 * 76
0.42 0.29 81 * 90 29 * 75
0.42 0.15 78 * 91 35 * 70
0.21 0.58 88 83 42 * 59
0.21 0.44 85 88 38 * 60
0.21 0.29 78 83 51 59
0.21 0.15 78 * 85 59 50

-------------------------% control ---------------------------

Observed Expected
Run 1

Observed Expected
Run 2

* Observed means followed by an asterisk are significantly different at P=0.05 from expected responses 
calculated using Colby’s method.  Observed means less than expected responses indicate antagonistic 
effects.
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

 Antagonism of glyphosate by glufosinate was observed in tank-mix 

combinations for the control of Palmer amaranth (Amaranthus palmeri S. Wats.) in 

2010 and 2011.  The addition of any rate of glufosinate to glyphosate decreased 

control of 5 to 10 centimeter Palmer amaranth compared to glyphosate applied alone.  

Treatments with 1X rates of glufosinate and varying levels of glyphosate provided less 

control of 5 to 10 centimeter weeds than glufosinate applied alone.  Similarly, 15 to 20 

centimeter Palmer amaranth was effectively controlled with glyphosate alone, but 

control declined with the addition of glufosinate in the tank.  Adding glyphosate to 1X 

rates of glufosinate did not increase control compared to glufosinate alone.   Tank-mix 

combinations of glyphosate and glufosinate each at 1X rates provided similar Palmer 

amaranth control as compared to glyphosate alone at several observation timings, but 

all other tank-mix combinations provided less control than glyphosate alone.  For both 

years, weed size at the time of application affected the level of control achieved.  

Greater control was generally achieved and antagonistic effects less pronounced when 

applications were made to smaller weeds. 

 In proportional tank-mix trials where the overall rate of herbicide in the tank 

was held at 1X, results indicated reduced control from proportional tank-mixes in both 

years when compared to glyphosate applied alone.  In 2010, good control ( >90%) of 5 
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to 10 centimeter weeds was observed with glufosinate and tank-mixes of glyphosate 

and glufosinate; however, control of 15 to 20 centimeter weeds was lower on 

comparable observation dates with similar treatments.  In 2011, antagonism was 

observed when tank-mixes of glyphosate and glufosinate were applied to both 5 to 10 

and 15 to 20 centimeter weeds.  Weed size affected the level of control for a treatment 

on a given observation timing, but not to the degree observed in 2010. 

 Canopy closure in 2010 allowed only early-postemergence and mid-

postemergence applications.  Humid environmental conditions in 2010 likely 

contributed to the excellent control of Palmer amaranth regardless of the application 

sequence.  Sequences that included glyphosate controlled Palmer amaranth 100% at 

the end of the season.  Cotton lint yields were not affected by weed competition and 

were the same across all application sequences.  In 2011, three applications were made 

to effectively control Palmer amaranth infestations.  Glufosinate did not control 

Palmer amaranth as well as glyphosate at any timing.  Treatments with glyphosate 

applied at least twice in sequence exhibited greater weed control than treatments with 

one or no glyphosate applications.  Cotton lint yield closely matched weed control 

level with greater yield observed in treatments with greater Palmer amaranth control. 

 Ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.] was controlled better 

with glufosinate than glyphosate both years.  In 2010, the addition of glyphosate to 

glufosinate did not improve ivyleaf morningglory control compared to glufosinate 

alone at both weed sizes.  In 2011, glufosinate alone provided greater levels of 5 to 10 
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centimeter morningglory control as did most other tank-mix combinations.  Few 

differences were noted between treatments on 5 to 10 centimeter weeds.  Applications 

to 15 to 20 centimeter ivyleaf morningglory resulted in differences between 

glufosinate and most tank-mixes.  Unlike Palmer amaranth studies, weed size did not 

impact the level of control for a treatment as greatly in ivyleaf morningglory tank-mix 

studies. 

 In proportional tank-mix studies, glufosinate controlled ivyleaf morningglory 

in 2010 and 2011 and differences in control between glufosinate and tank-mix 

combinations were not apparent until later observation dates.  Glyphosate control 

levels were less than glufosinate and the addition of glyphosate did not improve 

glufosinate control.  As the proportion of glufosinate increased in the mix, the level of 

control tended to increase.  Weed size affected control levels for most combinations 

where glufosinate comprised greater than 50% of the mix.  Greater levels of control 

were observed on smaller weeds for a treatment compared to larger weeds. 

 Prometryn preemergence increased ivyleaf morningglory control in the 2010 

sequential study, but not in 2011.  Abundant rainfall in 2010 likely activated this 

herbicide leading to improved control, whereas a lack of rain in 2011 was likely 

responsible for decreased control in 2011.  In 2010, excellent control (98 to 100%) 

was observed with treatments that included glufosinate alone or last in sequence.   

Cotton lint yields were similar in 2010 and not closely related to weed control.  In 

2011, greater levels of morningglory control were observed with treatments that 
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included glufosinate in-sequence.  As in 2010, better ivyleaf morningglory control was 

observed in treatments that included glufosinate applications MPOST.  No cotton 

yields were recorded in 2011 due to hot, dry conditions. 

 Greenhouse studies confirmed antagonism levels observed in the field.  

Glyphosate decreased biomass of Palmer amaranth better than glufosinate as observed 

in field studies.  When tank-mixed, glufosinate antagonized glyphosate activity in 

Palmer amaranth resulting in decreased control (increased biomass) of tank-mix 

treatments compared to expected control.  A number of treatments in both runs 

produced lower observed control indicating a high degree of antagonism regardless of 

the rate of glufosinate added to the mix.  Antagonism varied between runs indicating 

an environmental impact on herbicide activity.  Ivyleaf morningglory biomass was 

decreased best with glufosinate.  A number of tank-mix combinations produced 

observed results similar to expected results in both runs.  These results indicate that 

glyphosate antagonized glufosinate activity in several treatments, but not to the degree 

observed in Palmer amaranth.   

 Based on the results of these studies, it can be safely concluded that sequential 

applications of glyphosate and glufosinate are superior to tank-mix applications for 

controlling Palmer amaranth and ivyleaf morningglory in GlyTol® + LibertyLink® 

cotton.  No benefit in control is gained from tank-mixing glyphosate and glufosinate 

on either weed.  Additionally, the benefit of preemergence soil-applied herbicides was 

demonstrated.  Coupled with an effective preemergence herbicide program, the 
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GlyTol® + LibertyLink® cotton system with sequential applications of glyphosate and 

glufosinate may allow for season-long management of a number of troublesome weeds 

including Palmer amaranth and ivyleaf morningglory



  Texas Tech University, Jacob D. Reed, August, 2012 

 

84 

 

LITERATURE CITED 

Abernathy, J.R. 1981. Estimated crop losses due to weeds with nonchemical 
management. p. 159–167. In Pimentel, D. (ed.), CRC Handbook of Pest 
Management in Agriculture. CRC Press, Inc., Boca Raton, FL. 

Akobundu, I.O., R.D. Sweet, and W.B. Duke. 1975. A method of evaluating herbicide 
combinations and determining herbicide synergism. Weed Sci. 20:20–25. 

Anonymous. 2002. Cotton Weed Database. Available at 
http://www.cotton.org/tech/pest/upload/Cotton-Weed-Database.xls (Verified 
14 March 2012). 

Anonymous. 2009. Roundup WeatherMAX Herbicide Label. Monsanto Company, St. 
Louis, MO. 25 p. 

Anonymous. 2011a. Liberty Herbicide Label. Bayer CropScience LP, Research 
Triangle Park, NC. 21 p. 

Anonymous. 2011b. Cotton Varieties Planted 2011 Crop. U.S. Department of 
Agriculture, Agricultural Marketing Service - Cotton Program, Memphis, 
Tennessee. 10 p. 

Askew, S.D., J.W. Wilcut, and J.R. Cranmer. 2002. Cotton (Gossypium hirsutum) and 
weed response to flumioxazin applied preplant and postemergence directed. 
Weed Technol. 16:184–190. 

Beyers, J.T., R.J. Smeda, and W.G. Johnson. 2002. Weed management programs in 
glufosinate-resistant soybean (Glycine max). Weed Technol. 16:267–273. 

Bhullar, M.S., U.S. Walia, S. Singh, M. Singh, and A.J. Jhala. 2011. Control of 
morningglories (Ipomoea spp.) in sugarcane (Saccharum spp.). Weed Technol. 
26:77–82. 

Blair-Kerth, L.K., P.A. Dotray, J.W. Keeling, J.R. Gannaway, M.J. Oliver, and J.E. 
Quisenberry. 2001. Tolerance of transformed cotton to glufosinate. Weed Sci. 
49:375–380. 

Blouin, D.C., E.P. Webster, and J.A. Bond. 2010. On a method of analysis for 
synergistic and antagonistic joint-action effects with fenoxaprop mixtures in 
rice (Oryza sativa). Weed Technol. 24:583–589. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

85 

 

Blouin, D.C., E.P. Webster, and W. Zhang. 2004. Analysis of synergistic and 
antagonistic effects of herbicides using nonlinear mixed-model methodology. 
Weed Technol. 18:464–472. 

Brabham, C.B. and W.G. Johnson. 2010. Efficacy of Ignite and Flextar tank mixtures 
on giant ragweed and common lambsquarters. Crop Manage.: Available at 
http://www.plantmanagementnetwork.org/cm/element/sum2.aspx?id=9385.  
(Verified 6 April 2012). 

Branson, J.W., K.L. Smith, and J.L. Barrentine. 2005. Comparison of trifloxysulfuron 
and pyrithiobac in glyphosate-resistant and bromoxynil-resistant cotton. Weed 
Technol. 19:404–410. 

Brown, H.B. 1927. Cotton Culture. p. 238–258. In Cotton. 2nd ed. McGraw-Hill Book 
Co., Inc., New York, NY. 

Bryson, C. and M. DeFelice (Eds). 2009. Weeds of the South. University of Georgia 
Press, Athens and London. 468 p. 

Buchanan, G.A. 1992. Trends in weed control methods. p. 47–72. In McWhorter, 
C.G., Abernathy, J.R. (eds.), Weeds of Cotton: Characterization and Control. 
The Cotton Foundation, Memphis, Tennessee. 

Buchanan, G.A. and E.R. Burns. 1971. Weed competition in cotton. II. Cocklebur and 
redroot rigweed. Weed Sci. 19:580–582. 

Burke, I.C., S.D. Askew, J.L. Corbett, and J.W. Wilcut. 2005a. Glufosinate 
antagonizes clethodim control of goosegrass (Eleusine indica). Weed Technol. 
19:664–668. 

Burke, I.C., M. Schroeder, W.E. Thomas, and J.W. Wilcut. 2007. Palmer amaranth 
interference and seed production in peanut. Weed Technol. 21:367–371. 

Burke, I.C., W.E. Thomas, J.R. Allen, J. Collins, and J.W. Wilcut. 2008a. A 
comparison of weed control in herbicide-resistant, herbicide-tolerant, and 
conventional corn. Weed Technol. 22:571–579. 

Burke, I.C., S.C. Troxler, S.D. Askew, J.W. Wilcut, and W.D. Smith. 2005b. Weed 
management systems in glyphosate-resistant cotton. Weed Technol. 19:422–
429. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

86 

 

Burke, I.C., S.C. Troxler, J.W. Wilcut, and W.D. Smith. 2008b. Purple and yellow 
nutsedge (Cyperus rotundus and C. esculentus) response to postemergence 
herbicides in cotton. Weed Technol. 22:615–621. 

Burke, I.C. and J.W. Wilcut. 2004. Weed management in cotton with CGA-362622, 
fluometuron, and pyrithiobac. Weed Technol. 18:268–276. 

Burnside, O.C. and G.A. Wicks. 1969. Influence of weed competition on sorghum 
growth. Weeds 17:332–334. 

Byrd Jr., J.D. 2003. Report of the 2002 cotton weed loss committee. National Cotton 
Council of America, Memphis, Tennessee. 

Casella, G. and R.L. Berger. 2002. Statistical Inference. Duxbury, Pacific Grove, CA. 
700 p. 

Cerny, R.E., B. Sammons, M.E. Oppenhuizen, A.B. Martens, N.K. Scanlon, J. Xiao, 
J.X. Yang, Z.W. Shappley, J.R. Groat, C.A. CaJacob, J.T. Bookout, J.L. Hart, 
J. Listello, S.A. Huber, and G.R. Heck. 2010. Development and 
characterization of a cotton (Gossypium hirsutum L.) event with enhanced 
reproductive resistance to glyphosate. Crop Sci. 50:1375–1384. 

Chandler, J.M. and F.T. Cooke Jr. 1992. Economics of cotton losses caused by weeds. 
p. 85–116. In Weeds of Cotton: Characterization and Control. The Cotton 
Foundation, Memphis, Tennessee. 

Chuah, T.S., H.H. Teh, T.S. Cha, and B.S. Ismail. 2008. Antagonism of glufosinate 
ammonium activity caused by glyphosate in the tank mixtures used for control 
of goosegrass (Eleusine indica Gaertn.). Plant Prot. Quar. 23:116–119. 

Clewis, S.B., J.W. Wilcut, and D. Porterfield. 2006. Weed management with S-
metolachlor and glyphosate mixtures in glyphosate-resistant strip- and 
conventional-tillage cotton (Gossypium hirsutum L.). Weed Technol. 20:232–
241. 

Coetzer, E., K. Al-Khatib, and T.M. Loughin. 2001. Glufosinate efficacy, absorption, 
and translocation in amaranth as affected by relative humidity and temperature. 
Weed Sci. 49:8–13. 

Coetzer, E., K. Al-Khatib, and D. Peterson. 2002. Glufosinate efficacy on amaranthus 
species in glufosinate-resistant soybean (Glycine max). Weed Technol. 
16:326–331. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

87 

 

Colby, S.R. 1967. Calculating synergistic and antagonistic responses of herbicide 
combinations. Weeds 15:20–22. 

Corbett, J.L., S.D. Askew, D. Porterfield, and J.W. Wilcut. 2002. Bromoxynil, 
prometryn, pyrithiobac, and MSMA weed management systems for 
bromoxynil-resistant cotton (Gossypium hirsutum). Weed Technol. 16:712–
718. 

Corbett, J.L., S.D. Askew, W.E. Thomas, and J.W. Wilcut. 2004. Weed efficacy 
evaluations for bromoxynil, glufosinate, glyphosate, pyrithiobac, and sulfosate. 
Weed Technol. 18:443–453. 

Crafts, A.S., F.A. Martin, K.K. Hatzios, and D. Penner. 1985. Interactions of 
herbicides with other agrochemicals in higher plants. p. 73. In Rev. Weed Sci. 
Weed Science Society Of America, Champaign, Illinois. 

Crowley, R.H. and G.A. Buchanan. 1978. Competition of four morningglory 
(Ipomoea spp.) species with cotton (Gossypium hirsutum). Weed Sci. 26:484–
488. 

Culpepper, A.S., A.E. Gimenez, A.C. York, R.B. Batts, and J.W. Wilcut. 2001. 
Morningglory (Ipomoea spp.) and large crabgrass (Digitaria sanguinalis) 
control with glyphosate and 2,4-DB mixtures in glyphosate-resistant soybean 
(Glycine max). Weed Technol. 15:56–61. 

Culpepper, A.S. and A.C. York. 1998. Weed management in glyphosate-tolerant 
cotton. J. Cotton Sci. 2:174–185. 

Culpepper, A.S. and A.C. York. 1999. Weed management and net returns with 
transgenic, herbicide-resistant, and nontransgenic cotton (Gossypium 
hirsutum). Weed Technol. 13:411–420. 

Culpepper, A.S., A.C. York, R.B. Batts, and K.M. Jennings. 2000. Weed management 
in glufosinate- and glyphosate-resistant soybean (Glycine max). Weed 
Technol. 14:77–88. 

Culpepper, A.S., A.C. York, P. Roberts, and J.R. Whitaker. 2009. Weed control and 
crop response to glufosinate applied to “PHY 485 WRF” cotton. Weed 
Technol. 23:356–362. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

88 

 

Devine, M., S.O. Duke, and C. Fedtke. 1993. Inhibition of amino acid biosynthesis. p. 
251–294. In Physiology of Herbicide Action. Physiology of Herbicide Action. 
P T R Prentice Hall, Englewood Cliffs, NJ. 

Dotray, P.A., J.W. Keeling, W.R. Perkins, C.G. Henniger, and L.V. Gilbert. 2009. 
Agronomic performance and herbicide efficacy in stacked 
glufosinate/glyphosate tolerant cotton. p. 100. In Proc. Weed Sci. Soc. Am. 

Drury, R.E. 1980. Physiological interaction, its mathematical expression. Weed Sci. 
28:573–579. 

Everman, W.J., I.C. Burke, J.R. Allen, J. Collins, and J.W. Wilcut. 2007. Weed 
control and yield with glufosinate-resistant cotton weed management systems. 
Weed Technol. 21:695–701. 

Everman, W.J., S.B. Clewis, A.C. York, and J.W. Wilcut. 2009a. Weed control and 
yield with flumioxazin, fomesafen, and S-metolachlor systems for glufosinate-
resistant cotton residual weed management. Weed Technol. 23:391–397. 

Everman, W.J., W.E. Thomas, J.D. Burton, A.C. York, and J.W. Wilcut. 2009b. 
Absorption, translocation, and metabolism of glufosinate in transgenic and 
nontransgenic cotton, Palmer amaranth (Amaranthus palmeri), and pitted 
morningglory (Ipomoea lacunosa). Weed Sci. 57:357–361. 

Faircloth, W.H., M.G. Patterson, C.D. Monks, and W.R. Goodman. 2001. Weed 
management programs for glyphosate-tolerant cotton (Gossypium hirsutum). 
Weed Technol. 15:544–551. 

Ferreira, K.L., D.J. Jost, G.A. Dixon, and D.W. Albers. 1998. Roundup Ready cotton 
fruiting pattern response to over the top applications of Roundup Ultra after the 
4-leaf stage. In Proc. Beltwide Cotton Conf. 

Frans, R.E. and J.M. Chandler. 1989. Strategies and tactics for weed management. p. 
327–359. In Integrated Pest Management Systems and Cotton Production. 
John Wiley & Sons, New York, NY. 

Gardner, A.P., A.C. York, D.L. Jordan, and D.W. Monks. 2006a. Management of 
annual grasses and Amaranthus spp. in glufosinate-resistant cotton. J. Cotton 
Sci. 10:328–338. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

89 

 

Gardner, A.P., A.C. York, D.L. Jordan, and D.W. Monks. 2006b. Glufosinate 
antagonizes postemergence graminicides applied to annual grasses and 
johnsongrass. J. Cotton Sci. 10:319–327. 

Gowing, D.P. 1960. Comments on tests of herbicide mixtures. Weeds 8: 379–391. 

Green, J.M. 2007. Review of glyphosate and ALS-inhibiting herbicide crop resistance 
and resistant weed management. Weed Technol. 21: 547–558. 

Hamill, A.S., S.Z. Knezevik, K. Chandler, P.H. Sikkema, F.J. Tardif, A. Shrestha, and 
C.J. Swanton. 2000. Weed control in glufosinate-resistant corn (Zea mays). 
Weed Technol. 14:578–585. 

Holstun, J.T. and C.G. McWhorter. 1965. Factors affecting phytotoxicity of naphthas 
for weed control in cotton. U.S. Dep. Agric., Agric. Res. Serv., Washington, 
D.C. 12 p. 

Hutchinson, P.J.S., D.J. Tonks, and B.R. Beutler. 2003. Efficacy and economics of 
weed control programs in glyphosate-resistant potato (Solanum tuberosum). 
Weed Technol. 17:854–865. 

Johnson, D.H., D.L. Jordan, W.G. Johnson, R.E. Talbert, and R.E. Frans. 1993. 
Nicosulfuron, primisulfuron, imazethapyr, and DPX-PE350 injury to 
succeeding crops. Weed Technol. 7:641–644. 

Jordan, D.L., D.H. Johnson, W.G. Johnson, J.A. Kendig, R.E. Frans, and R.E. Talbert. 
1993a. Carryover of DPX-PE350 to grain sorghum (Sorghum bicolor) and 
soybean (Glycine max) on two Arkansas soils. Weed Technol. 7:645–649. 

Jordan, D.L., M.R. McClelland, and R.E. Frans. 1993b. Cotton (Gossypium hirsutum) 
response to DPX-PE350 applied postemergence. Weed Technol. 7:159–162. 

Jordan, D.L., A.C. York, M.R. McClelland, and R.E. Frans. 1993c. Clomazone as a 
component in cotton (Gossypium hirsutum) herbicide programs. Weed 
Technol. 7:202–211. 

Joy, B.L., J.W. Keeling, and P.A. Dotray. 2008. Weed management in enhanced 
glyphosate-resistant cotton. Tex. J. Agric. Nat. Resour. 21:1–13. 

Keeley, P.E., C. Carter, and R.J. Thullen. 1987. Influence of planting date on growth 
of Palmer amaranth (Amaranthus palmeri). Weed Sci. 35:199–204. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

90 

 

Keeley, P.E., R.J. Thullen, and C.H. Carter. 1986. Influence of planting date on 
growth of ivyleaf morningglory (Ipomoea hederacea) in cotton (Gossypium 
hirsutum). Weed Sci. 34:906–910. 

Keeling, J.W., P.A. Dotray, T.S. Osborne, and B.S. Asher. 1998. Postemergence weed 
management with Roundup Ultra, Buctril, and Staple in Texas High Plains 
Cotton. p. 861. In Proc. Beltwide Cotton Conf. 

Keeling, J.W., C.G. Henniger, and J.R. Abernathy. 1993. Effects of DPX-PE350 on 
cotton (Gossypium hirsutum) growth, yield, and fiber quality. Weed Technol. 
7:930–933. 

Klingaman, T.E. and L.R. Oliver. 1994. Palmer amaranth (Amaranthus palmeri) 
interference in soybeans (Glycine max). Weed Sci. 42:523–527. 

Koger, C.H., I.C. Burke, D.K. Miller, J. A. Kendig, K.N. Reddy, and J.W. Wilcut. 
2007a. MSMA antagonizes glyphosate and glufosinate efficacy on broadleaf 
and grass weeds. Weed Technol. 21:159–165. 

Koger, C.H., A.J. Price, J.C. Faircloth, J.W. Wilcut, and S.P. Nichols. 2007b. Effect of 
residual herbicides used in the last POST-directed application on weed control 
and cotton yield in glyphosate- and glufosinate-resistant cotton. Weed Technol. 
21:378–383. 

Koger, C.H., A.J. Price, and K.N. Reddy. 2005. Weed control and cotton response to 
combinations of glyphosate and trifloxysulfuron. Weed Technol. 19:113–121. 

Kudsk, P. and S.K. Mathiassen. 2004. Joint action of amino acid biosynthesis-
inhibiting herbicides. Weed Res. 44:313–322. 

Lanclos, D.Y., E.P. Webster, and W. Zhang. 2002. Glufosinate tank-mix combinations 
in glufosinate-resistant rice (Oryza sativa). Weed Technol. 16:659–663. 

Light, G.G., T.A. Baughman, P.A. Dotray, J.W. Keeling, and D.B. Wester. 2003. 
Yield of glyphosate-tolerant cotton as affected by topical glyphosate 
applications on the Texas High Plains and Rolling Plains. J. Cotton Sci. 7:231–
235. 

Limpel, L.E., P.H. Schuldt, and D. Lamont. 1962. Weed control by dimethyl 
tetrachloroterephthalate alone and in certain combinations. p. 48–53. In Proc. 
Northeast. Weed Sci. Soc. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

91 

 

Littell, R.C., G.A. Milliken, W.W. Stroup, R.D. Wolfinger, and O. Schabenberger. 
2002. SAS for Mixed Models. 2nd ed. SAS Institute, Cary, NC. 814 p. 

Lyman, J.B. 1866. Cotton Planting. U.S. Govt. Printing Off., Washington, D.C. 

Massinga, R.A. and R.S. Currie. 2002. Impact of Palmer amaranth (Amaranthus 
palmeri) on corn (Zea mays) grain yield and yield and quality of forage. Weed 
Technol. 16:532–536. 

Massinga, R.A., R.S. Currie, M.J. Horak, and J. Boyer. 2001. Interference of Palmer 
amaranth in corn. Weed Sci. 49:202–208. 

McWhorter, C.G. and C. Bryson. 1992. Herbicide use trends. p. 233–294. In 
McWhorter, C.G., Abernathy, J. (eds.), Weeds of Cotton: Characterization and 
Control. The Cotton Foundation Reference Book Series. The Cotton 
Foundation, Memphis, Tennessee. 

Morgan, G.D., P.A. Baumann, and J.M. Chandler. 2001. Competitive impact of 
Palmer amaranth (Amaranthus palmeri) on cotton (Gossypium hirsutum) 
development and yield. Weed Technol. 15:408–412. 

Morse, P.M. 1978. Some comments on the assessment of joint action in herbicide 
mixtures. Weed Sci. 26:58–71. 

Murray, D.S., L.M. Verhalen, and R.J. Tyrl. 1992. The changing weed problem in 
cotton. p. 117–232. In McWhorter, C.G., Abernathy, J.R. (eds.), Weeds of 
Cotton: Characterization and Control. The Cotton Foundation Reference Book 
Series. The Cotton Foundation. 

Nash, R.G. 1981. Phytotoxic interaction studies -- techniques for evaluation and 
presentation of results. Weed Sci. 29:147–155. 

Nash, R.G. and L.L. Jansen. 1973. Determining phytotoxic pesticide interactions in 
soil. J. Environ. Qual. 2:503–510. 

NASS. 2012a. USDA/NASS QuickStats Ad-hoc Query Tool. Available at 
http://quickstats.nass.usda.gov/results/BE9277C1-84C7-3DA3-89B6-
FC373AA3655D?pivot=short_desc. (Verified 18 April 2012). 

NASS. 2012b. NASS - Statistics By Subject. Available at 
http://www.nass.usda.gov/Quick_Stats/Lite/result.php?B3D3A06F-5743-
3D35-9F42-DD078EEC7A81. (Verified 18 April 2012). 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

92 

 

NCSU. 2008. North Carolina State University 2008 Official Variety Trials. Available 
at http://www.ncovt.com/trials.php?ovtid=21&pageid=88. (Verified 6 April 
2012). 

Neve, P., J.K. Norsworthy, K.L. Smith, and I.A. Zelaya. 2011. Modeling glyphosate 
resistance management strategies for Palmer amaranth (Amaranthus palmeri) 
in cotton. Weed Technol. 25:335–343. 

Nida, D.L., K.H. Kolacz, R.E. Buehler, W.R. Deaton, W.R. Schuler, T.A. Armstrong, 
M.L. Taylor, C.C. Ebert, G.J. Rogan, S.R. Padgette, and R.L. Fuchs. 1996. 
Glyphosate-tolerant cotton:  genetic characterization and protein expression. J. 
Agric. Food Chem. 44:1960–1966. 

Norsworthy, J.K., M.J. Oliveira, P. Jha, M. Malik, J.K. Buckelew, K.M. Jennings, and 
D.W. Monks. 2008. Palmer amaranth and large crabgrass growth with 
plasticulture-grown bell pepper. Weed Technol. 22:296–302. 

Norsworthy, J.K. and L.R. Oliver. 2002. Effect of irrigation, soybean (Glycine max) 
density, and glyphosate on hemp sesbania (Sesbania exaltata) and pitted 
morningglory (Ipomoea lacunosa) interference in soybean. Weed Technol. 
16:7–17. 

Palmer, E.W., D.R. Shaw, and J. Holloway. 2000. Broadleaf weed control in soybean 
(Glycine max) with CGA-277476 and four postemergence herbicides. Weed 
Technol. 14:617–623. 

Parvin, D.W., F.T. Cooke Jr., W.P. Scott, and J.W. Smith. 1985. The economics of 
cotton harvesting in the Mid-South. Dep. of Agric. Econ., Miss. Agric. For. 
Exp. Stn. 18 p. 

Paulsgrove, M.D., W.L. Barker, and J.W. Wilcut. 2005. Bromoxynil-resistant cotton 
and selected weed response to mixtures of bromoxynil and pyrithiobac. Weed 
Technol. 19:753–761. 

Porterfield, D., J.W. Wilcut, and S.D. Askew. 2002. Weed management with CGA-
362622, fluometuron, and prometryn in cotton. Weed Sci. 50:642–647. 

Price, A.J., C.H. Koger, J.W. Wilcut, D. Miller, and E. van Santen. 2008. Efficacy of 
residual and non-residual herbicides used in cotton production systems when 
applied with glyphosate, glufosinate, or MSMA. Weed Technol. 22:459–466. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

93 

 

Rao, V.S. 2000. Principles of Weed Science. 2nd ed. Science Publishers, Enfield, New 
Hampshire. 632 p. 

Riar, D.S., J.K. Norsworthy, and G.M. Griffith. 2011. Herbicide programs for 
enhanced glyphosate-resistant and glufosinate-resistant cotton (Gossypium 
hirsutum). Weed Technol. 25:526–534. 

Richardson, R.J., H.P. Wilson, G.R. Armel, and T.E. Hines. 2006. Trifloxysulfuron 
plus pyrithiobac mixtures for broadleaf weed control in cotton (Gossypium 
hirsutum). Weed Technol. 20:130–136. 

Richardson, R.J., H.P. Wilson, and T.E. Hines. 2007. Preemergence herbicides 
followed by trifloxysulfuron postemergence in cotton. Weed Technol. 21:1–6. 

Robinson, B.L., S.B. Clewis, J.W. Wilcut, J.L. Corbett, and M. Paulsgrove. 2002. 
Broadleaf weed control with Liberty, Staple, Roundup Ultra, and Buctril. p. 
CD ROM. In Proc. Beltwide Cotton Conf. 

Rogers, J.B., Don S. Murray, L.M. Verhalen, and P.L. Claypool. 1996. Ivyleaf 
morningglory (Ipomoea hederacea) interference with cotton (Gossypium 
hirsutum). Weed Technol. 10:107–114. 

Rowland, M.W., Don S. Murray, and L.M. Verhalen. 1999. Full-season Palmer 
amaranth (Amaranthus palmeri) interference with cotton (Gossypium 
hirsutum). Weed Sci. 47:305–309. 

Rummens, F.H.A. 1975. An improved definition of synergistic and antagonistic 
effects. Weed Sci. 23:4–6. 

Saxton, A.M. 1998. A macro for converting mean separation output to letter groupings 
in Proc Mixed. p. 1243–1246. In Proc. 23rd SAS Users Group. SAS Inst. Inc., 
Cary, NC. 

Scott, G.H., S.D. Askew, A.C. Bennett, and J.W. Wilcut. 2001. Economic evaluation 
of HADSS computer program for weed management in nontransgenic and 
transgenic cotton. Weed Sci. 49:549–557. 

Scott, G.H., S.D. Askew, and J.W. Wilcut. 2002. Glyphosate systems for weed control 
in glyphosate-tolerant cotton (Gossypium hirsutum). Weed Technol. 16:191–
198. 

Scroggs, D.M., D.K. Miller, J.L. Griffin, L.E. Steckel, D.C. Blouin, A.M. Stewart, and 
P.R. Vidrine. 2007a. Reduced-input, postemergence weed control with 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

94 

 

glyphosate and residual herbicides in second-generation glyphosate-resistant 
cotton. Weed Technol. 21:997–1001. 

Scroggs, D.M., D.K. Miller, J.L. Griffin, J.W. Wilcut, D.C. Blouin, A.M. Stewart, and 
P.R. Vidrine. 2007b. Effectiveness of preemergence herbicide and 
postemergence glyphosate programs in second-generation glyphosate-resistant 
cotton. Weed Technol. 21:877–881. 

Senseman, S.A. and K. Armbrust. 2007. Herbicide Handbook. Weed Science Society 
of America. 458 p. 

Smith, H.P. 1950. Cultural Practices. p. 135–171. In Andrews, W.B. (ed.), Cotton 
Production, Marketing, and Utilization. Wm. Byrd Press, Richmond, VA. 

Smith, D.T., R.V. Baker, and G.L. Steele. 2000. Palmer amaranth (Amaranthus 
palmeri) impacts on yield, harvesting, and ginning in dryland cotton 
(Gossypium hirsutum). Weed Technol. 14:122–126. 

Steckel, G.J., L.M. Wax, F.W. Simmons, and W.H. Phillips. 1997. Glufosinate 
efficacy on annual weeds is influenced by rate and growth stage. Weed 
Technol. 11:484–488. 

Stuart, B.L., S.K. Harrison, J.R. Abernathy, D.R. Krieg, and C.W. Wendt. 1984. The 
response of cotton (Gossypium hirsutum) water relations to smooth pigweed 
(Amaranthus hybridus) competition. Weed Sci. 32:126–132. 

Tammes, P.M.L. 1964. Isoboles, a graphic representation of synergism in pesticides. 
Neth. J. Plant Path. 70:73–80. 

Texas AgriLife Extension. 2011. 2011 Cotton Cultivar Trials in Central and South 
Texas. 20 p. 

Tharp, B.E. and J.J. Kells. 2002. Residual herbicides used in combination with 
glyphosate and glufosinate in corn (Zea mays). Weed Technol. 16:274–281. 

Thomas, W.E., I.C. Burke, and J.W. Wilcut. 2004. Weed management in glyphosate-
resistant corn with glyphosate and halosulfuron. Weed Technol. 18:1049–
1057. 

Troxler, S.C., S.D. Askew, J.W. Wilcut, W.D. Smith, and M.D. Paulsgrove. 2002. 
Clomazone, fomesafen, and bromoxynil systems for bromoxynil-resistant 
cotton (Gossypium hirsutum). Weed Technol. 16:838–844. 



  Texas Tech University, Jacob D. Reed, August, 2012 

 

95 

 

Tyson, W.G., J.R. Whitaker, G. Collins, J.F. Crawford, B.L. Cresswell, D.S. Curry, 
M. Dollar, W. Harris, G. Lee, and C.T. Tyson. 2012. On-farm evaluation of 
Liberty Link and Phytogen Widestrike cotton varieties managed with Ignite-
based herbicide systems in Georgia. In Proc. Beltwide Cotton Conf. 

UGA. 2011. University of Georgia 2011 Official Variety Trial Data--Cotton. 
Available at 
http://www.commodities.caes.uga.edu/fieldcrops/cotton/varieties/var2011.htm. 
(Verified 29 June 2012). 

USDA-AMS. 2010. Cotton Varieties Planted--2010 Crop - Corrected. U.S. 
Department of Agriculture, Agricultural Marketing Service - Cotton Program, 
Memphis, Tennessee.  10 p. 

Wallace, R.D., L.M. Sosnoskie, A.S. Culpepper, A.C. York, K.L. Edmisten, M.G. 
Patterson, M.A. Jones, H.L. Crooks, G.L. Cloud, and J. Pierson. 2011. 
Tolerance of GlyTol(R) and GlyTol(R) + LibertyLink(R) cotton to glyphosate and 
glufosinate in the southeastern U.S. J. Cotton Sci. 15:80–88. 

Webster, E.P. and D.R. Shaw. 1996. Carryover potential of pyrithiobac to rotational 
crops on a mississippi black belt region clay soil. Weed Technol. 10:140–144. 

Whitaker, J.R., A.C. York, D.L. Jordan, and A.S. Culpepper. 2010a. Weed 
Management with Glyphosate- and Glufosinate-Based Systems in PHY 485 
WRF Cotton. Weed Technol. 25:183–191. 

Whitaker, J.R., A.C. York, D.L. Jordan, and A.S. Culpepper. 2010b. Palmer amaranth 
(Amaranthus palmeri) control in soybean with glyphosate and conventional 
herbicide systems. Weed Technol. 24:403–410. 

Wilcut, J.W., D.L. Jordan, W.K. Vencill, and J.S. Richburg. 1997. Weed management 
in cotton (Gossypium hirsutum) with soil-applied and post-directed herbicides. 
Weed Technol. 11:221–226. 

York, A.C. and A.S. Culpepper. 2004. Weed management in Liberty Link and 
Roundup Ready Flex cotton. p. 2932. In Proc. South. Weed Sci. Soc. 

 


