
ABSTRACT 
 

CASTEEL, SHAUN NATHAN.  Cotton’s Response to Combinations of Mepiquat Chloride, 

Pyrithiobac, and CGA 362622.  (Under the direction of Drs. Keith Edmisten and Randy 

Wells) 

Agronomic and cultural practices have been developed to manipulate the 

indeterminate growth habit and perennial nature of cotton (Gossypium hirsutum L.) to 

facilitate management and production as an annual crop.  The regulation of excessive 

vegetative growth and redirection of photoassimilates toward reproductive growth has been 

most successful with the plant growth regulator mepiquat chloride (MC).  Mepiquat chloride 

decreases growth; thereby creating a more compact plant by controlling plant height and 

main-stem node development.   

Weed management in cotton has historically been implemented by the use of 

preemergence, post-directed, and layby herbicides.  Postemergence over-the-top (POST) 

broadleaf herbicides have not been an option for weed management in cotton until the recent 

registrations of pyrithiobac and CGA 362622.  Both compounds are members of herbicide 

families that inhibit acetolactate synthase in susceptible plants.  These herbicides control a 

range of troublesome weeds in cotton, while cotton tolerance to POST treatments has been 

observed.  Pyrithiobac and CGA 362622 are registered for use on nontransgenic and 

transgenic cotton including glyphosate-resistant cotton.  Current glyphosate POST 

applications are prohibited after the 4-leaf stage in glyphosate-resistant cotton, whereas 

pyrithiobac and CGA 362622 POST are allowed after the 4-leaf stage in nontransgenic and 

transgenic cotton.  The application of these herbicides in a tank mixture with MC could be 



   

beneficial for cotton producers.  However, research has not been conducted to evaluate 

cotton response to tank mixtures of MC with pyrithiobac and CGA 362622.   

Field studies were conducted in 2002 and 2003 near Goldsboro and Rocky Mount, 

NC.  Treatments were applied to 9- to 10-leaf cotton and arranged in a randomized complete 

block design with four replications.  Treatments consisted of MC rates of 0, 11.8 and 23.6 g 

ai ha-1 in a factorial arrangement with herbicide treatments of untreated, pyrithiobac at 75 g ai 

ha-1, CGA 362622 at 4.04 g ai ha-1, and a tank mixture of pyrithiobac at 37.5 g ha-1 plus CGA 

362622 at 4.04 g ha-1 for a total of twelve treatments.  Mepiquat chloride reduced plant 

height, nodes, and height to node ratio at 7, 14 and 21 days after treatment (DAT); canopy 

closure at 14 and 21 DAT; and increased single leaf photosynthesis at 5 and 12 DAT.  

Mepiquat chloride increased boll retention and enhanced maturity, whereas lint yield and 

fiber quality results were not consistent.  CGA 362622 reduced plant height and delayed 

canopy closure shortly after application.  Herbicide effect on node development and 

discoloration was transient, where CGA 362622 exhibited the greatest discoloration (< 7%).  

Herbicides applied alone caused greater discoloration than herbicides applied with MC.  

Herbicides did not influence lint yield in 2002, but tank mixes including CGA 362622 were 

the lowest in 2003.  The tank mixture of MC and pyrithiobac seem to be a feasible option 

given the proper situations, while injury caused by CGA 362622 deters such an application.  

CGA 362622 tank mixed with any other chemical is currently prohibited by label.  This data 

suggest that the application of MC in a tank mixture with pyrithiobac or applied alone was 

safe when there was ample fertility and moisture.   
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INTRODUCTION 

 Cotton (Gossypium hirsutum L.) became a major agriculture product in the southern 

United States after the invention of the cotton gin and the powered looms and spinners 

(Berger, 1969).  Cotton is a perennial plant that will grow indeterminately if provided with 

adequate nutrients, sunlight, temperature, and moisture (Berger, 1969).  The domestication of 

cotton transformed the perennial nature of cotton and the inconsistent fiber qualities to a 

more annual growth habit with improved fiber through genetics, agronomic advancements, 

and cultural practices (Brubaker et al., 1999).  Many annual cropping systems harvest seeds 

as the final product, whereas the primary objective in annual cotton production is to attain the 

most lint coupled with good fiber quality.  Maximum growth and yield potential is dependent 

upon the sufficient availability of essential nutrients, sunlight, temperature, water, and 

growing season length.  Successful cotton production requires modifying the crop to the 

respective growing region and season.  In recent decades, chemicals have been investigated 

to control vegetative and reproductive growth by targeting specific plant hormone processes 

(Cathey and Thomas, 1986).  During growth there is a shift from vegetative to reproductive 

development and sink demand (Berger, 1969).  Growth regulators can aid in this transition, 

thereby avoiding excessive vegetative growth and providing enhanced reproductive 

development. 

MEPIQUAT CHLORIDE 

Mepiquat chloride (MC) is the most effective plant growth regulator used in United 

States cotton (Silvertooth et al., 1999).  Mepiquat chloride has been in commercial use in 

cotton for over 20 years and was originally registered as Pix by BASF.  Mepiquat chloride 

controls vegetative and reproductive growth by reducing gibberillic acid concentrations in 
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the plant, which hinders internode elongation (Halmann, 1990).  Decreased gibberillic acid 

concentrations affect solute movement between cells due to a decrease in cell wall relaxation 

and plasticity, and an increase in cell wall stiffness (Behringer et al., 1990; Potter and Fry, 

1993; Yang et al., 1996).  This stiffness increases the friction between cells resulting in 

hindrance of cell elongation and replication.   

Cotton treated with MC averaged one node less than untreated cotton (Kerby, 1985; 

Zhao and Oosterhuis, 2000), and subsequent height to node ratio was decreased (Zhao and 

Oosterhuis, 2000).  Other desirable changes often provided by MC include shorter main-stem 

(Hodges et al., 1991; Stuart et al., 1984), monopodial, and sympodial branches (Reddy et al., 

1992).  In optimum growing conditions (ample water, nutrients, sunlight, and warm 

temperatures) cotton was more responsive to MC on internode lengths and other plant growth 

parameters than cotton grown in water-stressed conditions (Reddy et al. 1992).   

 Consistent performance of MC depended the growing conditions and cultural 

practices.  Cotton treated with MC was generally shorter than the untreated control (UTC) 

ranging from 12 to 30% reductions (Stuart et al., 1984;York, 1983a, 1983b).  Late-planted 

cotton responded in greater height reductions when compared to UTC (Cathey and Meredith, 

1988).   

Mepiquat chloride reduced total plant leaf area by 16% in previous research (Hodges 

et al., 1991; Reddy et al., 1996).  Reasons for reduced leaf area include; fewer nodes 

produced causing fewer leaves (Reddy et al., 1992), suppressed leaf development (Hodges et 

al., 1991), and suppressed cell enlargement (Reddy et al., 1996).   

Specific leaf dry weight was greater for MC-treated plants than UTC (Zhao and 

Oosterhuis, 2000), which was a result of less stem and leaf growth allowing more allocation 
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of carbohydrates to accumulate in the leaves (Reddy et al., 1992).  Averaged over 5 and 10 

days after treatment (DAT), MC increased leaf CO2 exchange rate 13.8% compared to UTC 

due to increased specific leaf dry weight (Zhao and Oosterhuis, 2000).  Canopy 

photosynthesis increased with MC applications under various temperature regimes, which 

lasted 3 weeks (Hodges et al., 1991).  Conversely, individual leaf photosynthesis decreased 

in another experiment from increasing rates of MC (Reddy et al., 1996).  Mepiquat chloride 

can cause cotton leaves to turn dark green and increased the leaf chlorophyll concentration 

per unit leaf area (Reddy et al., 1996) and increased leaf density (Fernandez et al., 1991).   

In late-planted cotton, MC increased flower production (Cathey and Meredith, 1988), 

and with sequential MC applications at matchhead square (MHS) and early bloom flower 

production also increased (Biles and Cothren, 2001).  Subsequently, MC treatment produced 

more bolls m-1 of row due to improved fruit retention (Biles and Cothren, 2001).   

In cotton production, earliness is desirable in shorter growing seasons where the 

relative maturity of cotton is shortened.  Earliness is often calculated as a percentage of total 

harvestable bolls that are open.  Increased earliness is theorized to be due to greater boll 

retention at lower positions in the fruiting profile, therefore benefiting cotton production with 

shorter growing seasons (Kerby et al., 1986).  Mepiquat chloride treated plants matured 

earlier in most environments (York, 1983b), and in over 35 replicated experiments, percent 

open bolls was increased by 5% (Kerby, 1985).  In North Carolina, MC-treated plants 

reached 60% open bolls 3 to 4 days before the UTC (York, 1983a).  Intermediate and late-

planted cotton matured earlier due to MC applications and had yielded above the UTC 

(Cathey and Meredith, 1988).   
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Mepiquat chloride increased seed weight, decreased lint percentage (York, 1983b; 

Zhao and Oosterhuis, 2000), and increased weight per boll in most environments, especially 

in normal to above normal rainfall years (Cathey and Meredith, 1988; Kerby, 1985; York, 

1983a, 1983b).  Relative increases in boll weight were more pronounced with delayed 

planting (Cathey and Meredith, 1988).  Effect of MC on a number of bolls set has been 

variable over environments on a per unit area and per plant basis (Stuart et al., 1984; York, 

1983a).   

Beneficial effects of MC on yield coincided with above normal rainfall and shorter 

growing seasons, or less heat unit accumulation (Cathey and Meredith, 1988), while MC 

induced yield reduction were often linked to drought stress (York, 1983a).  When averaged 

over 14 cultivars, yields were decreased 5% and increased 28% (York, 1983a).  In thirty-five 

replicated studies in the San Joaquin Valley, CA, MC effects on lint yield were variable 

(Kerby, 1985).  Higher plant populations benefited more from MC applications; with 10, 23, 

and 51% increases in yield at 37,000, 136,000, and 235,000 plants ha-1 compared to no MC 

application, respectively (York, 1983b).  Low rate multiple MC applications in cotton 

optimized season length and yield potential (Biles and Cothren, 2001; Cook and Kennedy, 

2000).   

 Fiber quality effects were as variable as the yield responses.  Research with MC has 

shown increases, no effect, and decreases on cotton micronaire (Cathey and Meredith, 1988; 

Kerby, 1985; York, 1983a, 1983b).  MC applications either increased or not affected fiber 

length (Kerby, 1985; York, 1983a), length, and uniformity (York, 1983a). 
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HISTORY OF COTTON WEED CONTROL 

 Early cotton weed control was achieved with cultural practices such as seed bed 

preparation, crop rotation, use of clean seed, and planting pattern (Buchanan, 1992).  

Buchanan and Burns (1970) found a weed free period of 9 weeks yielded the highest return 

of seedcotton.  Before the age of mechanization and the chemical revolution, weed control 

was conducted by hand hoeing grass and broadleaf weeds several times during the season.  

Animal-drawn cultivators provided more efficient weed control followed by tractor power 

during the late 1930s to 1940s (Chandler, 1984).  The progression of mechanized weed 

control flourished from early designs of rotary weeders (Holstun, 1963), mechanical 

choppers and the concept of cross-cultivation (Brown and Ware, 1958), to sweep cultivators 

(Ennis et al., 1963).  The age of mechanization improved weed control efficiency and the 

amount of land managed, but still resulted in moisture losses and weed escapes within the 

cotton row.   

Chemical control came to the forefront of cotton weed management in the early 

1950s with use of naphthas, petroleum fractions (Talley, 1950).  Dinoseb marked the 

beginning of preemergence weed control; unfortunately some early compounds were poorly 

tolerated by cotton in various growing conditions (Buchanan, 1992).  By the 1960s, the 

preemergence herbicides diuron, chlorpropham, and fluometuron along with preplant 

incorporated herbicides trifluralin and ethyl thiocarbamate were in commercial use in cotton.  

Significant improvements in chemical weed control from paraquat, monosodium 

methanearsonate (MSMA), and disodium methanearsonate (DSMA) stimulated the 

development of in-season herbicide applications (Buchanan, 1992).  Most of these herbicides 

were applied postemergence-directed (PD), where the herbicide contacted the weeds between 
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the cotton rows with minimal contact to the cotton.  Later in the growing season, herbicides 

were applied to the row middles (layby).   

Glyphosate was introduced in the 1970s, and controlled many plant species including 

cotton (Buchanan, 1992).  The development of the ropewick applicator (Dale, 1979) 

provided an application method for glyphosate that resulted in satisfactory weed control and 

minimal cotton contact.   

Highly active graminicides such as sethoxydim and fluazifop were developed and 

registered for postemergence over-the-top (POST) application to cotton in the 1980s 

(Buchanan, 1992).  The ability to apply herbicides POST relieved many of the problems 

associated with the other application techniques such as PD applications that required a 

cotton-to-weed height differential (Buchanan, 1992; Wilcut et al., 1997). 

Modern herbicide research and development has concentrated efforts on species 

selectivity and broad-spectrum chemicals for POST applications.  Fluometuron and MSMA 

were registered for POST, but applications often caused crop injury, thereby by delaying 

maturity and reducing yield (Byrd and York, 1987; Guthrie and York, 1989; Snipes and 

Byrd, 1994).  Prior to the 1996 growing season, cotton was the only major agronomic crop in 

the United States without a crop safe POST herbicide for broadleaf weed control (Paulsgrove 

and Wilcut, 2001).   

New developments in molecular biology, genetics, and biotechnology provided new 

avenues in weed control with herbicide resistant crops.  Bromoxynil-resistant cotton was the 

first transgenic cotton variety introduced in 1995 and was followed by the release of 

glyphosate-resistant cotton in 1997 (Gianessi, et al., 2002).  Bromoxynil provided good 

broadleaf control (Culpepper and York, 1997), whereas glyphosate had excellent control of 
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both grasses and broadleaves (Jones and Snipes, 1999).  In 2003, over 75% of the United 

States cotton acreage was planted to transgenic cotton with the majority glyphosate-resistant 

(USDA AMS, 2003).  Recently, two new herbicides, pyrithiobac (1995) and CGA 362622 

(2003), were developed and registered for POST application in both conventional and 

transgenic cotton (Anonymous, 2004a, 2004c) providing additional POST management 

options.   

NEW POST BROADLEAF COTTON HERBICIDES 

 The development of POST cotton herbicides has been an important venture for 

agrochemical companies and the cotton producers alike.  DuPont registered pyrithiobac as 

Staple® in 1995, and Syngenta registered CGA 362622 as EnvokeTM in 2003 for POST 

application in cotton.  Pyrithiobac was the first herbicide registered for POST that does not 

severely hinder cotton growth and development, while providing broadleaf weed control.  In 

glyphosate-resistant cotton, glyphosate POST applications are allowed before the 5th true leaf 

stage, while subsequent applications were limited to PD application (Anonymous, 2004b).  

Pyrithiobac and / or CGA 362622 seem to fit well between glyphosate POST and PD 

application timings and are an option for weeds tolerant of glyphosate. 

 Pyrithiobac (Mitchell, 1996) and CGA 362622 (Wells et al., 2000) represent 

herbicide families that have the ability to inhibit acetolactate synthase in susceptible plants.  

Acetolactate synthase is found in the chloroplast where it is the first step in the catalysis and 

the regulation of amino synthesis of valine, leucine, and isoleucine, which are necessary for 

proper cell division, plant growth, and function (Devine and Preston, 2000).   
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PYRITHIOBAC AND CGA 362622 WEED CONTROL SPECTRUMS 

Pyrithiobac controlled pitted morningglory 52 to 86% (Bloodworth et al., 2000; 

Porterfield et al., 2002a; Webster et al., 2000).  Pyrithiobac POST controlled entire leaf 

morningglory 85 to 94% and tall morningglory (Patterson and Turner, 1998; Porterfield et 

al., 2002a).  Sicklepod control was erratic with pyrithiobac (29 to 64%) (Bridges et al., 2002; 

Jordan et al., 1993; Porterfield et al., 2002a).  Prickly sida control ranged from 76 to 96%, 

while yellow and purple nutsedge were controlled 43 to 60% (Bridges et al., 2002; 

Porterfield et al., 2002a).  Pyrithiobac controlled pigweed > 95% (Namenek et al., 2001), 

common cocklebur > 75% (Webster et al., 2000), and common ragweed 67% (Porterfield et 

al., 2002a). 

Early and mid POST CGA 362622 applications controlled 80 to 97% of ivyleaf, 

entireleaf, pitted, and tall morningglory (Bloodworth et al., 2000; Branson et al., 2001; 

Namenek et al., 2001; Porterfield et al., 2002a; Richardson et al., 2003).  Early and mid 

POST CGA 362622 applications controlled sicklepod 70 to 97% (Bloodworth et al., 2000; 

Namenek et al., 2001; Porterfield et al., 2002a) and yellow nutsedge 68 to 95% (Porterfield et 

al., 2002a; Richardson et al., 2001).  CGA 362622 effectiveness on prickly sida has been 0 to 

50% (Branson et al., 2001; Porterfield et al., 2002a; Sparks et al., 2003).  CGA 362622 

controlled 87 to 98% of pigweed (Namenek et al., 2001, Richardson et al., 2003) and > 90% 

of palmer amaranth (Branson et al., 2001).  Control of common ragweed, velvetleaf, 

jimsonweed, and common cocklebur was good to excellent (Porterfield et al., 2002a; 

Richardson et al., 2003), while control of spurred anoda efficacy was poor (Porterfield et al., 

2002a).   
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Pitted and entire leaf morningglory were controlled 90 to 94% with pyrithiobac, while 

glyphosate controlled 62 to 76% (Patterson and Turner, 1998).  CGA 362622 provided good 

to excellent control of pitted morningglory, which was better than pyrithiobac and glyphosate 

(Bloodworth et al., 2000; Culpepper and York, 2001).  The combination of CGA 362622 and 

pyrithiobac provided excellent control of broadleaf weeds that were not controlled by other 

herbicides (Burke et al., 2002; Namenek et al., 2001).   

SENSITIVITY OF COTTON TO PYRITHIOBAC 

 The ability of cotton to metabolize pyrithiobac into nonlethal metabolites and the 

limited translocation was the basis for cotton tolerance (Harrison et al., 1996).  Pyrithiobac 

POST applications are recommended at a rate of 70 g ai ha-1 at various timings with generally 

good cotton tolerance.  Symptoms of pyrithiobac injury to cotton have been reported in the 

form of leaf crinkling, leaf bronzing, leaf chlorosis, and plant stunting (Allen and Snipes, 

1995; Allen et al., 1997; Jennings et al., 1999; Keeling, 1993).  Phytotoxicity from 

pyrithiobac application has been shown at various application timings.  Early POST 

applications (5 DAT) ranged from 4% (Culpepper and York, 1998) to 45% injury (Porterfield 

et al., 2002a), while cotton injury at 7 DAT ranged from 0 to 25% (Bridges et al., 2002).  

Application at four- to five-leaf stage caused 6 to 16% injury at 7 DAT, whereas no evidence 

of injury at 14 and 21 DAT was observed (Allen and Snipes, 1995).   

Environmental conditions were postulated to be the causal agent in variable injury.  

Increased chlorosis and height reductions were seen with cooler temperature regimes such as 

21°C / 8°C (Jennings et al., 1999).  Chlorosis was noted between 3 to 8 DAT and no longer 

detectible by 14 DAT in cool and warm environments (Allen and Snipes, 1995; Jennings et 

al., 1999).   
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Four days after 70 and 140 g ha-1 application, leaf chlorophyll content was reduced 

12% and 23%, respectively (Jennings et al., 1999).  Cotton fresh weights did not differ 

between pyrithiobac and UTC at 14 DAT (Allen and Snipes, 1995) and even at 140 g ha-1 

(Harrison et al., 1996).  Leaf area was not impacted by pyrithiobac applications of 0, 36, 71, 

or 143 g ha-1 on 4-leaf cotton at 14 DAT (Bednarz and van Iersel, 1999). 

Even with no visible leaf chlorosis, net photosynthesis and daily carbon gains were 

reduced by applications of pyrithiobac (Bednarz and van Iersel, 1999).  Pyrithiobac at the 2x 

rate (143 g ha-1) applied on 4-leaf cotton, caused net photosynthesis to decrease compared to 

0, 36, and 71 g ha-1 from 2 to 11 DAT (Bednarz and van Iersel, 1999).  Daily carbon gain 

was reduced at 143 g ha-1 between 2 to 14 DAT; whereas no affect was noted at 71g ha-1 or 

less (Bednarz and van Iersel, 1999).   

Pyrithiobac at 105 and 210 g ha-1 decreased height in mid season mapping with both 

5- to 7-leaf and MHS application; in one year of a two-year study (Allen et al., 1997).  Prior 

to harvest, heights were shorter from applications of 105 g ha-1 at cotyledon to 2-leaf and 5- 

to 7-leaf stages, and 210 g ha-1 at MHS, while internode lengths were reduced with 

applications of 105 g ha-1 at 5- to 7-leaf and MHS (Allen et al., 1997).  Applications at MHS 

of 105 and 210 g ha-1 increased the number of vegetative branches, but no delay in maturity 

was observed (Allen et al., 1997).  Whereas, Shankle et al. (1996) observed no adverse 

effects from 140 g ha-1 of pyrithiobac applied to cotton at first square and prebloom in 

internode length, plant height, and reproductive development.   

Early season crop injury did not negatively impact yield (Turner and Allison, 1997) at 

the recommended rate of 70 g ha-1 (Allen and Snipes, 1995; Mitchell, 1996).  Even at 105 g 

ha-1 applied from cotyledon to MHS growth stages, seed cotton yield reductions were not 
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observed (Allen et al., 1997).  Pyrithiobac at 70 g ha-1 did not affect fiber quality (Culpepper 

and York, 1998).  Additionally, 140 g ha-1 (2x rate) of pyrithiobac applied to first square 

cotton and prebloom cotton did not impact yield, micronaire, strength, length, or trash 

(Shankle et al., 1996). 

SENSITIVITY OF COTTON TO CGA 362622 

 Cotton tolerance to CGA 362622 was attributed to limited absorption and rapid 

metabolism of the compound (Askew and Wilcut, 2002).  The current registration for CGA 

362622 (Anonymous, 2004a) has a recommended rate of 5.26 g ai ha-1 applied POST after 

the 5-leaf stage.  According to Syngenta technical bulletin (2003), CGA 362622 is ideally 

applied between 5- and 7-leaf stage.  CGA 362622 rates of 5.3 to 13.2 g ha-1 caused 55 to 

62% stunting and 42 to 50% necrosis at 7 DAT (Branson et al., 2002).  At the recommended 

rate, CGA 362622 injured cotton 18% and 5% at 5 and 17 DAT, respectively (Culpepper and 

York, 2001).  Conventional, bromoxynil-resistant, and glyphosate-resistant cotton varieties 

were injured 35% at 10 DAT with CGA 362622 at 3.75 g ha-1 on 1- to 4-leaf cotton 

(Porterfield et al., 2003).  At a similar rate and timing, cotton phytotoxicity at 7 DAT was 11 

to 35% (Richardson et al., 2003).  Cotton phytotoxicity was transient and generally not 

evident within 3 to 4 weeks after application (Porterfield et al., 2003; Richardson et al., 

2003).  Across seven cultivars and higher rates of 7.5 and 15 g ha-1, injury ranged from 8 to 

14% at 7 to 14 DAT and 3 to 8% at 21 to 28 DAT (Porterfield et al., 2002b).  Seven days 

after the application of 7.5 g ha-1 to 8- to 9-leaf cotton, no visible injury was observed in one 

location and year of a multiple location and year study, while the 4-leaf application resulted 

in 12% injury (Porterfield et al., 2002a). 
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When yield response was observed it was influenced by multiple herbicides and weed 

escapes confounded physiological effect on lint yield (Porterfield et al., 2002a, 2003; 

Richardson et al., 2003).  Lint yield was not adversely impacted from CGA 362622 rates of 

3.81, 5.3, and 13.2 g ha-1 (Branson et al., 2002; Porterfield et al., 2002b; Richardson et al., 

2000).  Furthermore, application at 5.38 g ha-1 to 4-leaf cotton did not negatively affect seed 

cotton yield, height, or total bolls plant-1 even with early season phytotoxicity (Steele and 

Chandler, 2002). 

Micronaire, length, uniformity, and strength were not adversely affected by CGA 

362622 (Richardson et al., 2003).  In a CGA 362622 crop tolerance study, ginout, lint yield, 

plant height, nodes, micronaire, strength, and length were not negatively impacted at rates of 

5.27, 7.85, 13.46 g ha-1 to 4-leaf cotton and 7.85, 13.46 g ha-1 to 13-leaf cotton (Miller et al., 

2002).   

CHEMICAL TANK MIXING 

Increasing profit margins is the most important objective for growers, and is generally 

achieved through input reductions and/or by optimizing management strategies (Ramirez et 

al., 2000).  Tank mixtures of chemicals together for a wider spectrum of control and/or can 

reduce application trips and time across the field.  Chemical mixing dates back to the early 

1880s where the Bordeaux mixture was discovered to control downy mildew of grape 

(Agrios, 1997).   

Tank mixing has been a common practice in increasing weed control spectrums for 

soybean (Glycine max) (Lich et al., 1997), common bermudagrass turf (Cynodon dactylon) 

(Johnson, 1994), and cotton (Hurst and Smith, 1978).  Additive and synergistic effects are the 

goals of tank mixing, but mixtures may have adverse and antagonistic effects.  Early 
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combinations such as the herbicide diuron and the insecticide phorate increased cotton injury 

more than either compound applied alone (Hacskaylo et al., 1964).  CGA 362622 and 

organophosphate insecticides (Wilson et al., 2003) and pyrithiobac plus malathion (Allen and 

Snipes, 1995) increased cotton phytotoxicity compared to any of the pesticides alone.   CGA 

362622 antagonized annual grass control when mixed with a number of graminicides 

(Crooks et al., 2003) and a combination of pyrithiobac and fluazifop reduced control of 

broadleaf signalgrass (Grichar et al., 2003).   

The registration of pyrithiobac and CGA 362622 in cotton has provided new avenues 

for cotton management.  Effects of these herbicides in combination with plant growth 

regulators are not known.  Therefore, the purpose of this research was to evaluate the tank 

mixtures of these two herbicides with mepiquat chloride. 
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ABSTRACT 

Postemergence over-the-top (POST) broadleaf herbicides have not been an option for weed 

management in cotton until the recent registrations of pyrithiobac and CGA 362622.  Tank 

mixing has been conducted for a number of years with additive, synergistic, or antagonistic 

effects resulting.  The combinations of new POST cotton herbicides and mepiquat chloride 

(MC) have not been evaluated.  Therefore, the response of cotton to these mixtures was 

evaluated to develop management recommendations in North Carolina.  Treatments 

consisted of MC rates of 0, 11.8 and 23.6 g ai ha-1 in a factorial arrangement with herbicide 

treatments of untreated, pyrithiobac at 75 g ai ha-1, CGA 362622 at 4.04 g ai ha-1, and a tank 

mixture of pyrithiobac at 37.5 g ha-1 plus CGA 362622 at 4.04 g ha-1 for a total of twelve 

treatments.  Mepiquat chloride reduced plant height, nodes, and height to node ratio at 7, 14 

and 21 days after treatment (DAT); canopy closure at 14 and 21 DAT; and increased single 

leaf photosynthesis at 5 and 12 DAT.  Mepiquat chloride increased boll retention and 

earliness, whereas lint yield and fiber quality results were not consistent.  CGA 362622 

reduced plant height and delayed canopy closure shortly after application.  Herbicide effect 

on node development and discoloration was transient, where CGA 362622 exhibited the 

greatest discoloration (< 7%).  Herbicides applied alone caused greater discoloration than 

herbicides applied with MC.  Herbicides did not influence lint yield in 2002, but tank mixes 

including CGA 362622 were the lowest in 2003.  The tank mixture of MC and pyrithiobac 

seem to be a feasible option given the proper situations, while injury caused by CGA 362622 

deters such an application.  CGA 362622 tank mixed with any other chemical is currently 

prohibited by label.  Our data suggest that the application of MC in a tank mixture with 

pyrithiobac or applied alone was safe when there was ample fertility and moisture.   
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INTRODUCTION 

The indeterminate growth pattern and perennial nature of cotton (Gossypium hirsutum 

L.) has been manipulated with agronomic and cultural practices to facilitate management and 

production as an annual crop (Brubaker et al., 1999).  The regulation of excessive vegetative 

growth and partitioning of photoassimilates toward reproductive growth has been most 

successful with mepiquat chloride (MC) (Silvertooth et al., 1999).  Mepiquat chloride 

decreases growth and creates a more compact plant by controlling plant height, main-stem 

node development, internode length (Kerby, 1985; Stuart et al., 1984; York, 1983a, 1983b), 

and total plant leaf area (Hodges et al., 1991; Reddy et al., 1996).  Mepiquat chloride has 

been observed to increase leaf chlorophyll concentration (Reddy et al., 1996), photosynthesis 

(Hodges et al., 1991; Zhao and Oosterhuis, 2000), and earliness (Cathey and Meredith, 1988; 

Kerby, 1985; York, 1983a, 1983b) but lint yield and quality results were mixed (Cathey and 

Meredith, 1988; Kerby, 1985; York, 1983a, 1983b).   

Weed management strategies in cotton have historically been achieved with 

cultivation, preemergence herbicides, and postemergence-directed herbicides (Buchanan, 

1992).  Prior to the 1996 growing season, cotton was the only major agronomic crop in the 

United States without a safe postemergence over-the-top (POST) herbicide for broadleaf 

weed control (Paulsgrove and Wilcut, 2001).  Fluometuron and MSMA were registered for 

POST treatments, but often caused crop injury, thereby delayed maturity and reduced yield 

(Byrd and York, 1987; Guthrie and York, 1989; Snipes and Byrd, 1994).  DuPont registered 

pyrithiobac in 1995, and Syngenta registered CGA 362622 in 2003 for POST application in 

cotton.  These herbicides control a range of troublesome weeds in cotton, while cotton 
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tolerance to POST treatments has been reported (Jordan et al., 1993; Porterfield 2002a, 

2002b, 2003) 

Pyrithiobac (Mitchell, 1996) and CGA 362622 (Wells et al., 2000) are members of 

herbicide families that inhibit acetolactate synthase in susceptible plants.  The basis of cotton 

tolerance to pyrithiobac was metabolism and limited translocation (Harrison et al., 1996) and 

to CGA 362622 was limited absorption and rapid metabolism (Askew and Wilcut, 2002).  

Pyrithiobac may cause chlorosis (Allen and Snipes, 1995; Bridges et al., 2002; Culpepper 

and York, 1998; Porterfield et al., 2002a), reduced leaf chlorophyll content (Jennings et al., 

1999), reduced net photosynthesis and daily carbon gains to cotton (Bednarz and van Iersel, 

1999).  Early cotton injury due to pyrithiobac did not delay maturity (Allen et al., 1997), 

reduce yield (Allen et al., 1997; Allen and Snipes, 1995; Mitchell, 1996; Shankle et al., 1996; 

Turner and Allison, 1997) or impact fiber quality (Culpepper and York, 1998; Shankle et al., 

1996).  Similarly, CGA 362622 injured cotton (Culpepper and York, 2001; Porterfield et al., 

2003; Richardson et al., 2003), but phytotoxicity was transient (Porterfield et al., 2003; 

Richardson et al., 2003) and had no effect on plant height, total bolls plant-1 (Steele and 

Chandler, 2002), main-stem nodes (Miller et al., 2002), lint yield (Branson et al., 2002; 

Miller et al., 2002; Porterfield et al., 2002b; Richardson et al., 2000; Steele and Chandler, 

2002), or fiber quality (Miller et al., 2002; Richardson et al., 2003).   

Increasing profit margin is the most important objective for growers, and is generally 

achieved through input reductions and by optimizing management strategies (Ramirez et al., 

2000).  A tank mixture of two or more pesticides can increase spectrum of control and 

management, while reducing the number of application trips and time in the field.  Tank 

mixing was a common practice for increasing the weed control spectrum for soybean 
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(Glycine max) (Lich et al., 1997), common bermudagrass turf (Cynodon dactylon) (Johnson, 

1994), and cotton (Hurst and Smith, 1978).  Additive and synergistic effects were the goals 

of tank mixing, but mixtures may also have adverse and antagonistic effects.  Combinations 

such as the herbicide diuron and the insecticide phorate increased cotton injury more than 

either compound applied alone (Hacskaylo et al., 1964).  CGA 362622 plus organophosphate 

insecticides (Wilson et al., 2003) and pyrithiobac plus malathion (Allen and Snipes, 1995) 

increased cotton phytotoxicity compared to either of these compounds used alone.   CGA 

362622 reduced annual grass control when mixed with a number of graminicides (Crooks et 

al., 2003), and a combination of pyrithiobac plus fluazifop reduced control of broadleaf 

signalgrass (Grichar et al., 2003).  Pyrithiobac and CGA 362622 are registered for use on 

nontransgenic and transgenic cotton including glyphosate-resistant cotton (Anonymous, 

2004a, 2004c).  Glyphosate POST applications are prohibited after the 4-leaf stage in 

glyphosate-resistant cotton (Anonymous, 2004b), whereas pyrithiobac and CGA 362622 

POST are allowed after the 4-leaf stage in nontransgenic and transgenic cotton (Anonymous, 

2004a, 2004c).  The application of these herbicides in a tank mixture with MC could be 

beneficial for cotton producers.  However, research has not been conducted to evaluate 

cotton response to tank mixtures of MC with pyrithiobac and CGA 362622.     

The objective of this study was to assess tank mixtures of MC, pyrithiobac, and CGA 

362622 on cotton tolerance, growth, and development.  Additionally, experiments were 

conducted to develop recommendations for management strategies in weed control and 

cotton growth regulation.  Physiological processes were measured shortly after the 

application and prior to harvest.  Lint yield and fiber quality were measured to demonstrate 

any season-long effects due to specific chemicals or tank mixtures.   



  26 

MATERIALS AND METHODS 

 Field studies were conducted at the Upper Coastal Plain Research Station near Rocky 

Mount, NC, and the Cherry Farm Unit near Goldsboro, NC, in 2002 and 2003.  Cotton at 

Rocky Mount was bedded on row spacings of 91 cm, and cotton at Goldsboro was planted 

flat in 97 cm rows.  Plots were four rows wide and 12.2 m long at both locations.  Cotton 

cultivar ‘Delta and Pine Land 451 B/RR’ was planted 30 April 2002 in Rocky Mount and 9 

May 2002 in Goldsboro.  In 2003, cotton was planted 7 May and 9 May in Rocky Mount and 

Goldsboro, respectively.  Cotton was grown according to North Carolina Cooperative 

Extension Service recommendations except for weed control and MC practices (2003 Cotton 

Information).  Plots were maintained weed free through applications of fluometuron 

(preemergence) at 1.12 kg ai ha-1 and glyphosate (early POST) at 841 g ae ha-1followed by 

hand weeding and row cultivation.  Mepiquat chloride was only applied as specified by 

experiment protocol to simplify data analysis.   

 The experimental design was a randomized complete block design with four 

replications of treatments.  Treatments consisted of MC rates of 0, 11.8 and 23.6 g ai ha-1 in a 

factorial arrangement with herbicide treatments of untreated, pyrithiobac at 75 g ai ha-1, CGA 

362622 at 4.04 g ai ha-1, and a tank mixture of pyrithiobac at 37.5 g ha-1 plus CGA 362622 at 

4.04 g ha-1 for a total of twelve treatments.  A nonionic surfactant was included in all 

treatments at 0.25% v/v as specified in pyrithiobac and CGA362622 labels (Anonymous 

2004a, 2004c).  Treatments were applied to 9- to 10-leaf cotton with a CO2 pressurized 

backpack sprayer delivering a volume of 168 L ha-1.   

Plant growth and development were monitored 3, 7, 14, and 21 days after treatment 

(DAT) where plant heights were measured from soil surface to terminal, and main-stem 
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nodes were counted up to the last leaf expanded greater than 5 cm2.  Six plants were 

measured from the middle two rows for all plant growth data.  Height to node ratio (HNR) 

was calculated by dividing the plant height by the node total (Stewart et al., 2001; Zhao and 

Oosterhuis, 2000).  Cotton injury ratings were recorded as visual discoloration, stand 

reduction, and overall injury on a scale of 0 to 100% (Frans et al., 1986).   

Additional in-season measurements included single leaf photosynthesis and canopy 

closure at Goldsboro in both years.  Single leaf photosynthesis was obtained with LI-6200 

Portable Photosynthesis Analyzer (LI-COR, Inc., Lincoln, NE) from one uppermost fully 

expanded leaf per plot.  Each photosynthesis measurement per plot was the average of three 

readings from a single leaf.  Photosynthesis was measured at 5 and 8 DAT in 2002, and due 

to inclement weather at 8 and 12 DAT in 2003.  Canopy closure measurements were 

conducted at 9 DAT in 2002, and at 7, 14, and 21 DAT in 2003.  Canopy closure was 

calculated utilizing digital picture analysis according to Rinehardt (2002) and Stewart et al. 

(1998).  In 2003, relative chlorophyll concentrations were measured using Minolta SPAD 

meter (Minolta Corp., Ramsey, NJ) on ten randomly selected, uppermost, fully expanded 

leaves at 14 DAT.   

Pre-harvest plant mapping was conducted by randomly selecting six plants of uniform 

maturity per plot.  Data included monopodial branches and bolls, sympodial bolls, positions 

of bolls and aborted fruit, first position open bolls, plant height, main-stem nodes, and HNR.  

In 2003, plant mapping was conducted when the majority of the first position bolls were 

open, therefore percent open bolls will only be reported for 2002.  Proportion of sympodial 

bolls was calculated by dividing bolls residing at a specific nodal zone by the total sympodial 

bolls plant-1.  Proportion of first, second, and outer position bolls were also calculated in a 
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similar manner to total sympodial bolls and to the respective position boll totals.  Retention 

was calculated by dividing bolls residing within the zone of interest by possible boll positions 

within that zone.   

Harvest aids were applied when bolls were greater than 60% open and there was a 

substantial black layer visible in seed coats of unopened mature bolls.  The middle two rows 

were machine picked to obtain seedcotton yield.  Subsamples of seedcotton were ginned with 

a small saw gin and lint samples were sent to Cotton Incorporated Cary, NC, for High 

Volume Instrument (HVI) testing.  Ginout was calculated by weighing the seedcotton 

samples before and after ginning.  The weight of the lint was divided by the weight of the 

seedcotton and this proportion was used to calculate lint yield from harvested plots. 

Data were analyzed in a general linear model with test statements using SAS® version 

8e (SAS Institute, 1999-2001).  Means were separated using Fisher’s Protected least 

significant difference (LSD) at α = 0.05 or 0.10.  Main effects of MC and herbicides were 

reported over herbicides and MC rates, respectively.  When a MC x herbicide interaction 

existed, regression analysis or orthogonal contrast was used to interpret results.  Data were 

pooled over experiments when possible.  In all procedures, if no specific interactions were 

present, homogeneity of error variance was tested as described by Gomez and Gomez (1984) 

to provide stronger significance.   
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RESULTS AND DISCUSSION 

In-season 

 The main effect of MC on cotton growth parameters was pooled over experiments 

(Table 1).  In-season MC effects on height, main-stem nodes, and HNR were consistent with 

previous research (Reddy et al., 1990, 1992; Zhao and Oosterhuis, 2000).  Mepiquat chloride 

treated plants were shorter and had smaller HNR than plants not treated with MC (Table 1).  

Mepiquat chloride significantly slowed node development at 7, 14, and 21 DAT, where 

treated plants had 0.7 nodes less than untreated plants at 21 DAT (data not shown).   

Herbicide main effect on in-season growth was reported by years pooled over 

locations (Table 1).  In-season plant heights were not affected by herbicides in 2002, except 

at Goldsboro where CGA 362622-treated cotton was the shortest at 7 DAT (data not shown).  

In 2003, CGA 362622-treated plants were the shortest at 3, 7, and 21 DAT, and untreated 

plants were the tallest (Table 1).  CGA 362622 caused significant stunting in Arkansas 

(Branson et al., 2002) and injury in North Carolina to cotton (Wilcut and York, personal 

communication).  Pyrithiobac did reduce cotton height at 21 DAT in 2003 (Table 1).  Cotton 

generally has excellent tolerance to pyrithiobac with transitory chlorosis the most common 

injury (Jordan et al., 1993). 

Generally, herbicides had little influence on in-season node development (data not 

shown).  CGA 362622 and pyrithiobac + CGA 362622 had the greatest influence on HNR 

from 7 to 21 DAT in 2003, while pyrithiobac influence was variable at 7, 14, and 21 DAT 

(Table 1).  Cotton response to CGA 362622 and pyrithiobac + CGA 362622 tank mixture 

was similar suggesting independent activity of the herbicides.   
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 Mepiquat chloride at both rates increased photosynthesis at 5 DAT in 2002 with no 

differences at 8 DAT in 2002 and 2003 (Table 2).  Mepiquat chloride at 23.6 g ha-1 increased 

photosynthesis the greatest at 12 DAT in 2003.  Similarly, relative chlorophyll concentrations 

increased with increasing MC rates at Goldsboro in 2003 (Table 2).  Increased 

photosynthesis (Hodges et al., 1991) and chlorophyll (Reddy et al., 1996) have been reported 

in response to MC applications.     

Herbicides were not different in photosynthetic rates at 8 DAT in 2002 and 2003, and 

at 12 DAT in 2003 (Table 2).  In 2002, CGA 362622 reduced photosynthetic rate 8 and 12% 

compared with pyrithiobac and untreated 5 DAT, respectively (Table 2).  Pyrithiobac did not 

influence photosynthetic rates similar to Bednarz and van Iersel (1999).  Though 140 g ha-1 

of pyrithiobac reduced photosynthesis and daily carbon gain (Bednarz and van Iersel, 1999).  

Interestingly, photosynthesis rate of pyrithiobac + CGA 362622 was not different than the 

other treatments (Table 2).  Differences in photosynthetic rates and discoloration of cotton 

foliage were observed after application, but were not evident at later evaluations.  SPAD 

readings of chlorophyll content were not influenced by herbicide treatment (Table 2).   

 In 2002, canopy closure of MC treatments was less than no MC treatments at 9 DAT 

(Table 3).  Reduced leaf area was associated with MC applications (Hodges et al., 1991; 

Reddy et al., 1996); therefore slower canopy closure was possible.  In 2003, canopy closure 

for both MC rates were approximately 4 and 8% less than cotton not treated with MC at 14 

and 21 DAT, respectively (Table 3).   

Canopy closure was not affected by herbicide treatments at 7 and 9 DAT in 2003 and 

2003, respectively (Table 3).  CGA 362622 canopy closure was slower than pyrithiobac-

treated cotton at 21 DAT in 2003 (Table 3).  CGA 362622 alone or tank mixed with 
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pyrithiobac influenced canopy closure similarly.  The reduction in canopy closure may be 

explained by stunted growth caused by CGA 362622, as apparent in height data at 3, 7, and 

21 DAT in 2003 (Table 1). 

 Visual ratings of crop injury consisted of estimates of percent discoloration, stand 

reduction, and overall injury.  Stand reduction was not apparent in any treatment, and overall 

injury was minimal.  Discoloration was greatest for pyrithiobac + CGA 362622, which was 

less than 7% and transient (data not shown).  Herbicides combined with both MC rates 

exhibited lower discoloration ratings at 3, 7, and 14 DAT than herbicides applied alone 

(Table 4).  Mepiquat chloride increased chlorophyll content in the leaves, which likely 

reduced visual discoloration from the herbicides.   

Plant Mapping 

 The main effect of mepiquat chloride and herbicides on plant mapping parameters 

was pooled over experiments.  Mepiquat chloride has been shown to reduce plant height and 

lower HNR prior to harvest (Stuart et al., 1984; York, 1983a,b; Zhao and Oosterhuis, 2000).  

Plant height and HNR for no MC was 107 cm and 5.2 cm node-1, respectively.  Cotton 

treated with MC at 11.8 and 23.6 g ha-1 were 13 to 15 cm shorter than cotton not treated with 

MC (P=0.0002, data not shown).  Height to node ratio showed a similar response, and main-

stem node plant-1 was not affected by MC (data not shown).  The lack of main-stem node 

response may be explained by early MC applications without further regulation of growth.  

Plant height, main-stem nodes, and HNR were not affected by herbicide treatments (data not 

shown).  Pyrithiobac (Shankle et al., 1996) and CGA 362622 (Miller, 2002; Steele and 

Chandler, 2002) have been reported to have no influence upon end of season main-stem 

nodes.  The number of monopodial branches was lowest for pyrithiobac and greatest for 
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CGA 362622 (data not shown).  It was interesting that the first sympodial branch of 

pyrithiobac treatment was lower on the fruiting profile than the other herbicides (data not 

shown).  

The main effect of MC on the number of sympodial bolls has not been consistent 

(Stuart et al., 1984; York, 1983a).  Sympodial bolls and first position bolls were not different 

among MC treatments, but the number of first position bolls set on nodes 4 to 10 were 

greatest for the higher rate of MC (Table 5).  Untreated-cotton and cotton treated with 

pyrithiobac + CGA 362622 showed no differences in sympodial and first position bolls 

(Table 5).  Pyrithiobac-treated cotton had more sympodial and first position bolls than 

untreated and pyrithiobac + CGA 362622 (Table 5).  Pyrithiobac and CGA 362622 

influenced sympodial, first position, and first position bolls at nodes 4 to 10 similarly (Table 

5).  First position bolls set on nodes 11 to 13 and 11 to 16 among MC rates and herbicides 

were not significantly different (data not shown). 

 Mepiquat chloride has increased retention and earliness in a number of studies 

(Kerby, 1985; Kerby et al., 1986; York, 1983b).  Mepiquat chloride at 23.6 g ha-1 retained the 

greatest percentage of bolls (Table 6).  First position boll retention was greatest for cotton 

treated with MC 23.6 g ha-1 and lowest for no MC.   The number of fruit abortion sites was 

lowest for cotton treated with either rate of MC (Table 6).  Herbicide treatments did not 

influence boll retention and the number of fruit abortion sites at first and outer positions.  

Pyrithiobac-treated cotton had more fruit abortion sites at the second fruiting position than 

the other herbicide treatments including the tank mixture of pyrithiobac + CGA 362622 

(Table 6).   
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Location of the sympodial bolls is an important factor in determining earliness and 

yield potential (Kerby et al., 1986).  As previously mentioned, MC did not affect the number 

of sympodial bolls (Table 5), but sympodial boll proportion within nodal zones showed 

significant trends (Table 7).  Cotton treated with MC at 11.8 and 23.6 g ha-1 set a greater 

percentage of respective bolls at nodes 4 to 10 than MC-untreated cotton (Table 7).  Nodes 

11 to 13 and nodes >17 showed no differences between MC levels averaging 21.5 and 8%, 

respectively.  Greater proportion of the bolls set lower on the fruiting profile (early in 

development) resulted in less boll production higher on the fruiting profile (i.e. nodes 14 to 

16) (Table 7).   

Proportion of sympodial bolls was not significant for herbicide treatments at the same 

specified nodal zones as MC (data not shown).  Herbicide treatments did influence 

percentage of first position boll at nodes 4 to 10 and 14 to 16 (Table 7).  In previous research, 

first position bolls were the most influential in affecting cotton profitability (Ashley, 1972; 

Wullschleger and Oosterhuis, 1990).  CGA 362622-treated cotton had greater first position 

boll proportion at nodes 4 to 10 than cotton treated with only pyrithiobac (Table 7).  Cotton 

treated with pyrithiobac alone or tank mixed with CGA 362622 was similar to untreated 

cotton at nodes 4 to 10.  Percentage of first position bolls at nodes 11 to 13 and >17 were not 

influenced by herbicide treatments.  Cotton not treated with herbicides had 14% of its first 

position bolls at nodes 14 to 16, which was greater than all cotton treated with herbicides 

(Table 7).   

 The interaction of MC and herbicide influenced the sympodial bolls set on nodes 4 to 

10 and 11 to 13.  Mepiquat chloride at 23.6 g ha-1 increased bolls set on nodes 4 to 10 for no 

herbicide, pyrithiobac, and CGA 362622 (data not shown).  Pyrithiobac + CGA 362622 
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mixed with increased amounts of MC decreased bolls set on nodes 4 to 10 and 11 to13 (data 

not shown).  These tank mixtures need to be further examined in the laboratory and the field 

to further evaluate this interaction.  The remaining bolls set on the upper nodes were not 

different across MC and herbicide treatments (data not shown).     

Earliness was measured by the percent of first position bolls open at mapping.  Due to 

inclement weather in 2003, mapping was conducted after the majority of the bolls were open.  

Therefore percent open bolls will be reported for 2002 only, where both rates of MC were 

approximately 70% open and MC-untreated cotton was 62% open (Table 8).  CGA 362622-

treated cotton had a greater percentage of open bolls than the other herbicide treatments at 

69% (Table 8).  Pyrithiobac and untreated did not differ in maturity, which was consistent 

with previous research (Allen et al., 1997).  Both MC and herbicide main effects on earliness 

or percent open bolls were similar to boll proportions at nodes 4 to 10 for sympodial and first 

position bolls, respectively (Tables 7 and 8).  Increased earliness is correlated with greater 

percentage of boll retained lower on the fruiting profile (Kerby et al., 1986).   

Harvest and Fiber Quality 

 Minimal yield and fiber quality differences were seen for MC and herbicide treatment 

main effects.  Lint yield in 2002 and 2003 was not different for any level of MC (Table 8).  

Noteworthy, were yield reductions in 2002 at Goldsboro of 90 and 120 kg ha-1 from MC 

applied at 11.8 and 23.6 g ha-1, respectively, compared to cotton not treated with MC (P = 

0.0510, data not shown).  Moisture conditions in 2002 were extremely low causing yield 

reductions from MC applications.  Decreasing lint yield with MC applications are possible, 

especially in drought-like conditions (York, 1983a).  Herbicide-treated cotton showed no 

differences in lint yield for 2002.  However in 2003, untreated cotton yielded higher than 
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cotton treated with CGA 362622 applied alone or tank mixed with pyrithiobac (Table 8).  

These data are contrary to previous published research where CGA 362622 at higher rates 

and various timings showed no yield differences (Branson et al., 2002; Miller, 2002; 

Porterfield et al., 2002b; Steele and Chandler, 2002).  Pyrithiobac-treated cotton yielded 

similar to untreated cotton in 2003 (Table 8), which was consistent with previous research 

(Allen et al., 1997; Mitchell, 1996; Shankle et al., 1996; Turner and Allison, 1997).     

Fiber quality effects were minimal with no consistent trends apparent.  Length and 

uniformity were inconsistent, which was similar to results from Kerby (1985) and York 

(1983a).  Herbicide treatments did not influence length, strength, and uniformity as reported 

for pyrithiobac (Culpepper and York, 1998; Shankle et al., 1996) and CGA 362622 (Miller, 

2002; Richardson et al., 2000).  Micronaire was not different for MC or herbicide in 2003, 

but in 2002 there was a MC x herbicide interaction.  Increasing rates of MC influenced 

micronaire inconsistently when applied in conjunction with herbicides (data not shown).  The 

remaining fiber qualities and ginout were inconsistent. 
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CONCLUSIONS 

Mepiquat chloride main effects were consistent with previous research, where in-

season responses of shorter heights, fewer nodes, and smaller HNR was evident.  Both rates 

of MC caused less canopy closure rate than no MC, while increasing single leaf 

photosynthesis and relative chlorophyll content.  The in-season height and HNR differences 

were evident prior to harvest, while differences in main-stem nodes were not.  Increased boll 

retention and earliness was due to greater boll set lower on the fruiting profile.  Lint yield 

was only affected in Goldsboro 2002.  Drought conditions in 2002 could have caused the 

yield reductions with MC applications because of poor growing conditions (low soil 

moisture).  Fiber quality data were inconsistent for both years.   

CGA 362622 reduced in-season plant heights in 2003 at 3, 14, and 21 DAT, but no 

differences were observed at the end of the season.  Pyrithiobac-treated and untreated cotton 

had similar canopy closure, but CGA 362622 slowed canopy closure.  Slowed canopy 

closure may provide opportunities for weed germination and competition later in the season.  

The use of CGA 362622 caused reductions in plant height, canopy closure, photosynthesis, 

and increased foliar discoloration (< 7).  The most severe discoloration was for all herbicides 

applied without MC compared to herbicides applied with MC, which could be explained by 

chlorophyll content caused by MC.  The decreased lint yield in 2003 with CGA 362622 and 

pyrithiobac + CGA 362622 treatments may be related to early season effects on height, 

canopy closure, and discoloration.   Fiber quality parameters did not appear to be influenced 

by herbicide treatment.   

At initiation of this experiment, CGA 362622 was an experimental herbicide under 

development for registration in cotton.  According to the current registration, POST 
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applications are allowed at 5.3 to 7.9 g ha-1 after cotton has reached the 5-leaf stage and 

postemergence-directed at 5.3 to 13.2 g ha-1 once cotton is large enough for directed 

applications (Anonymous, 2004a).  The label states that tank mixtures for POST applications 

with other herbicides, fertilizers, or any additives other than non-ionic surfactant are 

prohibited (Anonymous, 2004a).  However, labels generally expand after registration and 

commercial use in the first year to include other herbicides, pesticides, and adjuvants.   

The tank mixtures of CGA 362622 and pyrithiobac + CGA 362622 plus MC, which is 

not allowed by the CGA 362622 label, appears to be an undesirable addition for label 

expansion.  The potential of CGA 362622 to cause in-season injury and subsequent effects 

on lint yield was a concern for its POST application to 9- to 10-leaf cotton.  Pyrithiobac 

demonstrated little in-season injury and no yield reductions.  During dry conditions, early 

MC applications (9- to 10-leaf stage) can delay growth, development, canopy closure, and 

yield, and is not recommended by North Carolina State Cooperative Extension Service.  In 

fertile and moist growing conditions, a low rate of MC at 11.8 g ha-1 alone or tank mixed 

with pyrithiobac may provide adequate growth regulation until a second application is 

warranted by extension recommendations.  Generally, plots did need additional MC 

application to control excessive growth and facilitate defoliation and harvest.  Future 

research with glyphosate and MC or other plant growth regulators on Roundup Ready Flex 

cotton is of interest for management strategies and recommendations.  Future research should 

also incorporate a plant growth regulation standard for comparison. 
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Table 1.  Main effect of mepiquat chloride (over all experiments) and herbicides (over locations in 2003) on in-season cotton plant  
heights and height to node ratio (HNR). 
Main effect of Plant Heights  HNR 
Mepiquat chloride† 3 DAT‡ 7 DAT 14 DAT 21 DAT   3 DAT 7 DAT 14 DAT 21 DAT 
g ai ha-1 _______________________________ cm _______________________________  ____________________ cm node-1 ____________________

          
0 37  42 a§  55 a 71 a  3.7 3.9 a 4.4 a 5.0 a 
11.8 37 39 b  49 b 60 b  3.7 3.7 b 4.1 b 4.4 b 
23.6 36 39 b  47 c 57 b  3.7 3.7 b 3.8 c 4.2 c 
          
f-value  21.83 130.72 56.37   9.19 161.31 57.98 
p-value NS 0.0018 < 0.0001 0.0001  NS 0.0149 < 0.0001 0.0001 
α =    0.05 0.05 0.05     0.05 0.05 0.05 

          
Main effect of 2003 Plant Heights  2003 HNR 
Herbicides¶ 3 DAT 7 DAT 14 DAT 21 DAT   3 DAT 7 DAT 14 DAT 21 DAT 
 _______________________________ cm _______________________________  ____________________ cm node-1 ____________________

          
Untreated 39 a 42 a 58 78 a  4 4.1 a 4.5 a 5.3 a 
Pyrithiobac 39 a 41 a 56 75 b  3.9 3.8 b 4.4 a 5.1 b 
CGA 362622 37 b 38 b 54 72 c  3.7 3.6 c 4.3 b 4.9 b 
Pyrithiobac + CGA 362622 37 b 39 b 54   73 bc  3.8   3.7 bc 4.3 b 5.0 b 
          
f-value 11.66 11.96  9.54   15.13 7.68 5.16 
p-value 0.0010 0.0009 NS 0.0021  NS 0.0003 0.0048 0.0181 
α =  0.05 0.05   0.05     0.05 0.05 0.05 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac + CGA 362622. 
‡Abbreviation: DAT, days after treatment. 
§Means within column followed by the same letter were not statistically different according to Fisher's Protected LSD at the designated  
p-value. 
¶Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 2.  Main effect of mepiquat chloride and herbicides on cotton single leaf photosynthesis (2002  
and 2003) and relative chlorophyll concentration (2003) in Goldsboro, NC. 
 Single Leaf Photosynthesis  Relative Chlorophyll
Main effect of  2002 2003  2003 
Mepiquat chloride† 5 DAT‡ 8 DAT  8 DAT 12 DAT   14 DAT 

g ai ha-1 _____________ µmol CO2 m-2 s-1 _____________  SPAD 
       
0  23.8 b§ 27.6 23.9 28.2 b  37 c 
11.8 25.8 a 26.0 25.9   29.6 ab  43 b 
23.6 26.1 a 27.2 26.4 30.5 a  45 a 
       
f-value 7.78   5.63  74.48 
p-value 0.0216 NS NS 0.0420  < 0.0001 
α =  0.05      0.05   0.05 
       
 Single Leaf Photosynthesis  Relative Chlorophyll
Main effect of  2002 2003  2003 
Herbicide regime¶ 5 DAT 8 DAT  8 DAT 12 DAT   14 DAT 

 _____________ µmol CO2 m-2 s-1 _____________  SPAD 
        
Untreated 26.5 a 24.8 27.0 29.5  41 
Pyrithiobac 25.7 a 27.5 26.7 29.7  41 
CGA 362622 23.6 b 26.2 24.2 28.7  42 
Pyrithiobac + CGA 362622  25.1 ab 29.2 23.7 29.8  41 
       
f-value 3.60      
p-value 0.0589 NS NS NS  NS 
α =  0.10            
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac + CGA  
362622. 
‡Abbreviation: DAT, days after treatment. 
§Means within column followed by the same letter were not statistically different according to  
Fisher's Protected LSD at the designated p-value. 
¶Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 3.  Main effect of mepiquat chloride and herbicides on percent cotton canopy  
closure (2002 and 2003) in Goldsboro, NC. 
 Canopy closure 
Main effect of  2002 2003 
Mepiquat chloride† 9 DAT‡ 7 DAT 14 DAT 21 DAT 
g ai ha-1 _________________________________ % ___________________________________ 
     
0  35 a§ 44 59 a 78 a 
11.8 32 b 43 55 b 71 b 
23.6 33 b 43 55 b 70 b 
     
f-value 41.82  6.92 114.6 
p-value 0.0003 NS 0.0277 < 0.0001 
α =  0.05    0.05 0.05 
     
 Canopy closure 
Main effect of  2002 2003 
Herbicides¶ 9 DAT 7 DAT 14 DAT 21 DAT 
 __________________________________ % __________________________________ 
     
Untreated 33 45 60 a 75 a 
Pyrithiobac 33 44   57 ab   74 ab 
CGA 362622 33 43 53 b 71 c 
Pyrithiobac + CGA 362622 34 43 53 b   72 bc 
     
f-value   5.91 5.55 
p-value NS NS 0.0164 0.0196 
α =       0.05 0.05 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and  
pyrithiobac + CGA 362622. 
‡Abbreviation: DAT, days after treatment. 
§Means within column followed by the same letter were not statistically different  
according to Fisher's Protected LSD at the designated p-value. 
¶Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 4.  In-season cotton discoloration contrasted  
orthogonally for herbicides applied alone and herbicides  
applied with mepiquat chloride over all experiments. 
Effect of Herbicide† x  Discoloration 
Mepiquat chloride‡ 3 DAT§ 7 DAT 14 DAT 

 __________________ % __________________

    
Herbicides alone   3 a¶ 5 a 2 a 
Herbicides + MC 2 b 2 b 0 b 
    
f-value 29.03 179.90 313.75 
p-value < 0.0001 < 0.0001 < 0.0001
†Herbicide pooled over pyrithiobac, CGA 362622 and  
pyrithiobac + CGA 362622. 
‡Mepiquat chloride pooled over 11.8 and 23.6 g ha-1. 
§Abbreviation: DAT, days after treatment. 
¶Means within column followed by the same letter were not  
statistically different according to Orthogonal Contrast at the  
designated p-value. 
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 Table 5.  Main effect of mepiquat chloride and herbicides on cotton  
sympodial bolls and first position bolls over all experiments. 

Main effect of  First position bolls 
Mepiquat chloride† Sympodial bolls Total Nodes 4 to 10

g ai ha-1 _____________________ # plant-1 _____________________

    
0 8.5 6.1   2.8 b‡ 
11.8 7.9 5.8 2.8 b 
23.6 8.3 6.0 3.0 a 
    
f-value   4.20 
p-value NS NS 0.0238 
α =      0.05 
    
Main effect of  First position bolls 
Herbicides§ Sympodial bolls Total Nodes 4 to 10

 _____________________ # plant-1 _____________________

    
Untreated 7.9 c 5.9 c 2.7 b 
Pyrithiobac 8.5 a 6.2 a   2.9 ab 
CGA 362622   8.5 ab   6.1 ab 3.0 a 
Pyrithiobac + CGA 362622   8.0 bc   5.9 bc 2.8 b 
    
f-value 4.00 4.46 2.83 
p-value 0.0459 0.0351 0.0987 
α =  0.05 0.05 0.10 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA  
362622, and pyrithiobac + CGA 362622. 
‡Means within column followed by the same letter were not statistically  
different according to Fisher's Protected LSD at the designated p-value. 
§Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 6.  Main effect of mepiquat chloride and herbicides on cotton boll retention and fruit abortion over  
all experiments.  
Main effect of Boll Retention  Fruit Abortion Sites 
Mepiquat chloride† Sympodial Position 1   Position 1 Position 2 Outer positions

g ai ha-1 ____________ % ____________  ___________________ # plant-1 ___________________

       
0   34 c‡ 50 b  6.1 a 7.1 a 3.7 a 
11.8 36 b   51 ab    5.6 ab 6.2 b 2.6 b 
23.6 38 a 54 a  5.2 b 6.2 b 2.5 b 
       
f-value 19.48 5.89  8.04 38.06 7.20 
p-value 0.0024 0.0384  0.0201 0.0004 0.0254 
α =  0.05 0.05   0.05 0.05 0.05 
       
Main effect of Boll Retention  Fruit Abortion Sites 
Herbicides§ Sympodial Position 1   Position 1 Position 2 Outer positions

 ____________ % ____________  ___________________ # plant-1 ___________________

       
Untreated 36 51  5.7 6.3 b 2.8 
Pyrithiobac 36 52  5.7 6.8 a 3.0 
CGA 362622 37 53  5.5 6.4 b 3.3 
Pyrithiobac + CGA 362622 36 51  5.7 6.4 b 2.7 
       
f-value     6.78  
p-value NS NS  NS 0.0110 NS 
α =          0.05   
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac + CGA 362622. 
‡Means within column followed by the same letter were not statistically different according to Fisher's 
Protected LSD at the designated p-value. 
§Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 7.  Main effect of mepiquat chloride on proportion of cotton bolls in specified nodal zone, and main effect 
of herbicides on proportion of first position cotton bolls in specified nodal zone over all experiments. 

Main effect of Sympodial Boll Proportion at Nodes: 
Mepiquat chloride† 4 to 10 11 to 13 14 to 16 > 17 

g ai ha-1 ______________________________________________ % ______________________________________________

     
0   53.1 b‡ 22.4 14.4 a 9.9 
11.8 56.9 a 21.4   12.9 ab 8.8 
23.6 58.5 a 22.2 12.1 b 7.3 
     
f-value 6.62  5.8  
p-value 0.0303 NS 0.0396 NS 
α =  0.05   0.05   
     

Main effect of First Position Boll Proportion at Nodes: 
Herbicide regime§ 4 to 10 11 to 13 14 to 16 > 17 

 ______________________________________________ % ______________________________________________

     
Untreated 51.0 b 22.5 13.6 a 10.5 
Pyrithiobac 50.8 b 22.9 12.0 b 11.6 
CGA 362622 54.2 a 22.5 11.5 b 9.9 
Pyrithiobac + CGA 362622   52.1 ab 24.4 12.1 b 9.3 
     
f-value 3.96  2.86  
p-value 0.0470 NS 0.0969 NS 
α =  0.05   0.10   
 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac + CGA 362622. 
‡Means within column followed by the same letter were not statistically different according to Fisher's 
Protected LSD at the designated p-value. 
§Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table 8.  Main effect of mepiquat chloride and herbicides on 2002 percent  
open first position bolls and 2002 and 2003 lint yield over locations. 
Main effect of Open  Lint Yield 
Mepiquat chloride† 2002   2002 2003 

g ai ha-1 %  __________ kg ha-1 ___________

     
0 62 b  1010 1540 
11.8 70 a  960 1560 
23.6 69 a  940 1610 
     
f-value 10.84    
p-value 0.0025  NS NS 
α =  0.05      
     
Main effect of Open  Lint Yield 
Herbicides§ 2002   2002 2003 

 %  __________ kg ha-1 ___________

     
Untreated 67 b  920 1620 a 
Pyrithiobac 67 b  980   1580 ab 
CGA 362622 69 a  990   1550 bc 
Pyrithiobac + CGA 362622 66 b  990 1510 c 
     
f-value 8.41   4.76 
p-value 0.0569  NS 0.0230 
α =  0.10    0.05 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622,  
and pyrithiobac + CGA 362622. 
‡Means within column followed by the same letter were not statistically  
different according to Fisher's Protected LSD at the designated p-value. 
§Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table A. 1.  Main effect of mepiquat chloride (over all experiments) and herbicides (over locations in 2002 and 2003) on  
in-season main-stem nodes of cotton. 
Main effect of Main-Stem Nodes      
Mepiquat chloride† 3 DAT‡ 7 DAT 14 DAT 21 DAT           
g ai ha-1 ____________________ # plant-1 ____________________      
          
0 10.0   10.6 a§ 12.6 a 14.1 a      
11.8 9.9   10.5 ab 12.1 b 13.4 b      
23.6 10.0 10.4 b 12.1 b 13.4 b      
          
f-value  6.91 18.79 35.07      
p-value NS 0.0278 0.0026 0.0005      
α =    0.05 0.05 0.05           
          
Main effect of 2002 Main-Stem Nodes  2003 Main-Stem Nodes 
Herbicides¶ 3 DAT 7 DAT 14 DAT 21 DAT   3 DAT 7 DAT 14 DAT 21 DAT 

 ____________________ # plant-1 ____________________  ____________________ # plant-1 ____________________

          
Untreated 10.0 10.3 11.6 b 12.6 b  9.8 10.4 12.8 14.6 
Pyrithiobac 10.2 10.4 11.7 b 12.7 b  10.0 10.8 12.7 14.8 
CGA 362622 10.1 10.4 12.0 a 12.7 b  9.8 10.6 12.6 14.7 
Pyrithiobac + CGA 362622 10.2 10.5 12.0 a 12.9 a  9.7 10.7 12.6 14.5 
          
f-value   8.94 7.65      
p-value NS NS 0.0525 0.0644  NS NS NS NS 
α =      0.10 0.10           
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac + CGA 362622. 
‡Abbreviation: DAT, days after treatment. 
§Means within column followed by the same letter were not statistically different according to Fisher's Protected LSD at the  
designated p-value. 
¶Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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Table A. 2.  Main effect of herbicides on in-season cotton plant heights and height to node ratio (HNR) over locations in 2002. 
Main effect of 2002 Plant Heights  2002 HNR 
Herbicide regime† 3 DAT‡ 7 DAT 14 DAT 21 DAT   3 DAT 7 DAT 14 DAT 21 DAT 
 _______________________________ cm _______________________________  ____________________ cm node-1 ____________________

          
Untreated 36 39 45 50  3.6 3.7 3.8 4.0 
Pyrithiobac 36 40 45 52  3.5 3.8 3.9 4.0 
CGA 362622 35 39 45 51  3.5 3.7 3.8 4.0 
Pyrithiobac + CGA 362622 36 40 46 52  3.5 3.7 3.8 4.0 
          
f-value          
p-value NS NS NS NS  NS NS NS NS 
α =                    
†Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
‡Abbreviation: DAT, days after treatment.
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Table A. 3.  Main effect of mepiquat chloride and herbicides on cotton plant mapping  
Parameters prior to harvest: plant height, main-stem nodes, height to node ratio (HNR),  
monopodial branches, and first sympodial branch over all experiments. 

Main effect of  Plant Main-Stem  Monopodial First Sympodial 
Mepiquat chloride† Height Nodes HNR Branches Branch 

g ai ha-1 cm plant-1 cm node-1 plant-1  node 
      
0   107 a‡ 20 5.2 a 1.4 6.2 
11.8    94 b 20  4.7 b 1.4 6.3 
23.6    92 b 19  4.7 b 1.4 6.2 
      
f-value 45.31  39.58   
p-value 0.0002 NS 0.0003 NS NS 
α =  0.05   0.05     
      
Main effect of  Plant Main-Stem  Monopodial First Sympodial 
Herbicides§ Height Nodes HNR Branches Branch 

 cm plant-1 cm node-1 plant-1  node 

      
Untreated 99 20 4.9   1.3 bc 6.3 a 
Pyrithiobac 99 20 4.8 1.3 c 6.1 b 
CGA 362622 97 20 4.8 1.5 a 6.2 a 
Pyrithiobac + CGA 362622 96 19 4.9   1.5 ab 6.3 a 
      
f-value    2.57 2.69 
p-value NS NS NS 0.0712 0.0621 
α =        0.10 0.10 
†Mepiquat chloride rates pooled over untreated, pyrithiobac, CGA 362622, and pyrithiobac +  
CGA 362622. 
‡Means within column followed by the same letter were not statistically different according to  
Fisher's Protected LSD at the designated p-value.  
§Herbicides pooled over mepiquat chloride rates of 0, 11.8, and 23.6 g ai ha-1. 
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FIGURES 
 
 
Figure A. 1.  Regression of herbicides influenced by mepiquat chloride rates on cotton  
in-season discoloration at 3 DAT (1a), 7 DAT (1b), and 14 DAT (1c) over all  
experiments.  
 
Figure A. 2.  Regression of herbicides influenced by mepiquat chloride rates on cotton 
micronaire in 2002 over locations. 
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Figure A. 1.  Regression of herbicides influenced by mepiquat chloride rates on cotton in-season  
discoloration at 3 DAT (1a), 7 DAT (1b), and 14 DAT (1c) over all experiments. 
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Figure A. 2.  Regression of herbicides influenced by mepiquat chloride rates on cotton micronaire in  
2002 over locations. 

 


