
 

ABSTRACT 

COLLINS, GUY DAVID.  Reducing Costs and Optimizing the Timing of Agronomic 
Inputs for Cotton (Gossypium hirsutum L.) in North Carolina. (Under the direction of Dr. 
Keith Edmisten). 
 

Cotton (Gossypium hirsutum L.) grown in North Carolina requires intensive management 

for achieving optimal yields in an early season environment.  Increasing production costs 

require cotton producers to adopt practices that allow yield potential to be reached while 

reducing input costs or optimizing the timing of agronomic inputs.  Six experiments were 

conducted in North Carolina from 2006 to 2008 to investigate various production 

practices that could potentially reduce production costs and to define the optimal timings 

of agronomic inputs.  The first experiment investigated precision application of in-furrow 

insecticides for cotton planted in a hill-dropped configuration.  The second experiment 

investigated application rates and timings of mepiquat chloride (MC) for cotton grown in 

conditions that promote excessive vegetative growth.  The third experiment investigated 

the effects of MC applied at various rates and timings on the correlation (regression) 

between two techniques for measuring light interception and canopy coverage: the light 

quantum sensor method and the overhead digital imagery method.  The fourth experiment 

investigated the effects of MC applied at physiological cutout, in terms of defoliation, 

regrowth, maturity, and yield.  The fifth experiment investigated the effects of 

preconditioning defoliation treatments for tall cotton portraying dense canopies which 

could improve standard defoliation practices and the timeliness of harvest.  The sixth 

experiment investigated the effects of ethephon rate in defoliant mixtures on harvest date, 

with regard to defoliation timing and prior MC treatment.   
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Abstract 

Collins, Guy D. Reducing At-Planting Costs in Cotton Production Through Precision 

Application of In-Furrow Insecticides in Hill-Dropped Planting Configurations (Under 

the direction of Dr. Keith Edmisten). 

 

At-planting costs (seed and insecticides) currently represent a significant portion of the 

total production costs for cotton producers.  Two potential methods for reducing at-

planting costs include hill-dropped planting techniques and precision application of 

insecticides directly to seed hills.  Experiments were conducted during 2007 and 2008 to 

investigate the effects of precision application of aldicarb insecticide applied in-furrow, 

to determine the optimal band length for precision application, and to compare the thrips 

control efficacy and costs of these systems to a modern seed treatment and a subsequent 

foliar spray for thrips.  Treatments were placed into a factorial arrangement of two in-

furrow granular aldicarb rates {3.7 and 7.4 kg a.i. ha-1} and three band lengths {solid, 

7.62 and 15.24 cm} surrounding seed hills.  Four additional treatments included Avicta 

Complete Pac® seed treatment alone, Avicta Complete Pac® seed treatment followed by a 

foliar application of Orthene 97® targeted at three weeks after planting, a foliar 

application of Orthene 97® targeted at three weeks after planting with no prior insect 

control, and a non-treated control.  Aldicarb rate and band length had little effect on 

thrips control, plant growth, maturity, and yield, indicating that a precision insecticide  
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application system for hill-dropped planting configurations can significantly reduce costs 

while maintaining optimal plant growth and yield.  The mean separation analysis of the 

additional treatments revealed that Avicta® seed treatment followed by a foliar 

application of Orthene® provides similar protection to that of aldicarb, as opposed to a 

seed treatment alone, but the costs associated with the precision application of aldicarb 

via the greatly reduced rates may be significantly less than with seed treatments.   

 

Introduction 

The at-planting costs of cottonseed have drastically risen since the advent of Roundup 

Ready® and Bollgard® technology and their subsequent wide-spread adoption.  The 

development of other modern herbicide- and insect-resistant technologies has driven 

these costs up even further.  Recent cotton cultivars are often marketed with multiple 

transgenic technologies or ‘stacked’ gene packages.  As a result, the costs of cottonseed 

currently represent a significant portion of the total production costs for growers.  Cotton 

producers therefore attempt to reduce the at-planting costs of cotton through several 

techniques.  Siebert et al. (2006) suggested that costs could be reduced by decreasing 

seeding rates, provided that plants stands are uniform and managed properly.  Another 

possible technique is planting seed in a hill-dropped formation as opposed to a drilled 

formation.  A hill-dropped planting formation involves planting multiple seed, or clusters 

of seed, in a single location called a hill.  Hills are then separated by a predetermined 

space larger than the space between seeds when planted in a drilled formation.  Hill- 
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dropped planting systems were first implemented to overcome soil crusting and improve 

seedling emergence (Van Duyn et al., 2002), although preliminary data in North Carolina 

has shown that hill-dropping can reduce seed costs while maintaining adequate yields 

(Edmisten, 2005).  The effects of various plant populations and hill-dropped planting 

configurations have both been previously evaluated for cotton.  Siebert et al. (2006) 

reported that maximum yield was achieved in a hill-dropped system consisting of three 

plants per hill with hills spaced 20 cm apart, although yield was only reduced when hills 

were spaced 60 cm apart.  Bridge et al. (1973) reported that hill-dropping had no effect 

on yield when compared to drill planting whereas plant populations did affect yield.  

They found that highest yields were achieved in two out of three years using a hill-

dropped system consisting of five seeds per hill with 38-cm hill spacings or a 

conventional planting method with a plant spacing of 7.6 cm (Bridge et al., 1973).  

Hawkins and Peacock (1971) reported that the number of plants per hill had no effect on 

yield, however a hill spacing of 60 cm reduced yield compared to hill spacings of 20 and 

40 cm.  In another experiment investigating plant populations in both hill-dropped and 

drilled systems, Kittock (1974) reported no difference in yield due to planting system 

over a three-year period.   

 

In addition to seed, at-planting insecticides may also contribute significantly to the total 

planting costs.  Therefore, techniques that reduce these costs would be desirable.  In-

furrow granular systemic insecticides (Grey et al. 2006; Lopez et al. 2008; Mailhot et al.,  
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2007) or seed treatments (Lopez et al. 2008) are commonly used to control thrips on 

seedling cotton.  Thrips, particularly those belonging to the Frankliniella genus, are small 

insects (Bauer and Roof, 2004; Mailhot et al., 2007) that migrate into cotton from wild 

hosts (Greene et al., 2007) and often cause damage to cotton early in the season (Bauer 

and Roof, 2004; Mailhot et al., 2007).  Thrips typically cause spotty discoloration 

(Mailhot et al., 2007), deformation (Johnson et al., 2001) or crinkling (Lopez et al. 2008) 

of young leaves, stunted growth, and delayed fruit initiation (Stewart et al., 2007) which 

can result in delayed maturity and potentially reduced yield (Greene et al., 2007; Stewart 

et al., 2007).  Various thrips control methods have been evaluated.  Granular aldicarb {2-

methyl-2-(methylthio) propionaldehyde O-(methylcarbamoyl) oxime} (Temik® 15G, 

Bayer Crop Science, Research Triangle Park N.C.) applied in-furrow has been reported to 

reduce thrips injury (Hopkins et al., 2002) and increase lint yield (Bauer and Roof, 2004; 

Johnson et al., 2001) compared to no-insect-control methods.  The use of seed treatment 

insecticides such as imidacloprid {1-[(6-Chloro-3-pyridinyl)methyl]-N-nitro-2-

imidazolidinimine} (Gaucho® Grande, Bayer Crop Science, Research Triangle Park 

N.C.) and thiamethoxam (Cruiser® 5FS, Synenta Crop Protection, Greensboro N.C.) have 

also been reported to be effective in managing thrips and maintaining yield (Furr et al. 

1998; Lentz et al. 2003).  Herbert et al. (2007) reported that performance of seed 

treatments was equal to that of in-furrow insecticides in terms of thrips control and yield.  

However, in some instances, aldicarb has been reported to outperform some of the seed 

treatments (Johnson et al., 2001).  Seed treatments have also been reported to provide a  
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shorter period of thrips control and to promote spider mite infestations, although yields 

were similar to that with aldicarb (Van Duyn et al., 1998).  Aldicarb has also been proven 

to be an effective nematicide (Zimet et al., 2002).  Therefore, aldicarb may be preferred 

for various reasons and its use is still warranted, while others enjoy the simplicity of 

handling seed treatments.      

 

Current planters are only equipped to deliver in-furrow granular insecticides in a solid 

continuous band.  This does not pose a problem for the use of seed treatment insecticides 

in a hill-dropped system, however granular insecticide that is applied between the seed 

hills may be essentially wasted or unnecessary.  Therefore, development of accurate 

planter technology, capable of precision placement of aldicarb directly to seed hills, may 

allow growers to further reduce at-planting costs.  Van Duyn et al. (2002) found that 

precision placement of aldicarb in a hill-dropped system reduced the total amount of 

insecticide applied per acre and was equally effective, or superior, to a solid continuous 

band of aldicarb.  These researchers also suggested that the insecticide and seed should 

be within a 5.08-cm proximity of each other in order to maintain its effectiveness (Van 

Duyn et al. 2002).  Lohmeyer et al. (2001; 2002) also reported similar yields between 

precision placement of aldicarb and a solid continuous band.    

 

Bridge et al. (1973) suggested that competition may be greater between plants when 

grown in a hill-dropped formation compared to plants grown in a drilled system.  
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Therefore, aldicarb rate may be more important when planting in a hill-dropped 

formation, as higher aldicarb rates may be necessary for hill-dropped planting systems in 

order to achieve optimal thrips control.  Also, due to the competitiveness between 

seedlings within hills, it is also necessary to investigate the length of insecticide bands 

surrounding seed hills so that uptake and efficacy is not compromised. 

 

The objective of this experiment was to evaluate various aldicarb application rates and 

band lengths surrounding seed hills when cottonseed was planted in a hill-dropped 

formation and to compare these application strategies, on a cost and efficacy basis, to 

modern seed treatments and foliar insecticides used for thrips control.    

 
 

Materials and Methods 

Experiments were conducted during 2007 and 2008 on a Norfolk fine sandy loam soil 

(fine-loamy, kaolinitic, thermic, Typic Kandiudult) at an on-farm site in Duplin County 

near Beulaville, NC, and during 2008 on a Norfolk loamy sand soil at Central Crops 

Research Station (CCRS) near Clayton, NC.  DP 455 BGRR®, an early to medium 

maturing cultivar, was planted in a hill-dropped configuration consisting of three seed per 

hill with hills spaced 41 cm apart on 3 May 2007 and 6 May 2008 at Duplin County and 

14 May 2008 at CCRS using a two-row vacuum planter equipped with hill-dropping seed 

plates.  Plots contained four rows 12.2 m long and spaced 97 cm apart.  Treatments 

consisted of a factorial arrangement of two in-furrow granular aldicarb rates {3.7, and 7.4  
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kg a.i. ha-1} and three band lengths {solid, 7.62 and 15.24 cm} surrounding seed hills to 

determine the optimal insecticide rate and band length for optimal thrips control for 

cotton grown in a hill-dropped configuration.  The amount of granular insecticide, 

applied in the 7.62- and 15.24-cm bands, was adjusted to equal the equivalent rate per 

unit furrow area of the amount applied in a solid band.  Therefore, the total amount 

applied per ha was reduced when applied in bands, although the rate applied per unit 

furrow area remained the same.  Four additional treatments included a seed treatment 

insecticide alone, a seed treatment insecticide followed by a foliar insecticide application 

targeted at three weeks after planting, a foliar insecticide application targeted at three 

weeks after planting with no prior insect control, and a non-treated control.  Sub-samples 

of seed, weighing 2.27 kg, were removed from the same bag and sent to Syngenta Crop 

Protection to be treated with abamectin plus thiamethoxam (Avicta Complete Pac®, 

Syngenta Crop Protection, Greensboro N.C.) seed treatment to avoid confounding effects 

of germination or vigor between different seed lots.  Treatments were arranged in a 

randomized complete block design replicated four times.  All other production and pest 

management practices were conducted according to the North Carolina Cooperative 

Extension recommendations for that region (Bacheler, 2009; Crozier, 2009; Edmisten, 

2009a; 2009b; Koenning, 2009; York and Culpepper, 2009). 

 

Prior to planting, one soil sample per replicate was collected for nematode analysis.  The 

pressure wheels were removed from the planter so that all furrows remained open until all  
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at-planting insecticide treatments were applied to avoid confounding effects of soil 

moisture or furrow closure between treatments.  The factorial treatments received 

granular aldicarb insecticide at the respective rates and band lengths at planting.  The 

planter was calibrated and used to deliver both aldicarb rates applied in a solid band.  

Small plastic spoons were semi-melted using flame heat and manually shaped to hold the 

amount of aldicarb required to consistently deliver the appropriate rate of aldicarb to the 

predetermined band length for one seed hill.  Welding rods where cut to both 7.62 and 

15.24 cm and used as guides for the manual application of aldicarb in bands.  The 

packing wheel of a small push-type planter was used to cover the seed furrows for all 

treatments upon completion of all at-planting insecticide applications.  At three weeks 

after planting, treatments requiring foliar insecticide applications received acephate {O,S-

dimethyl acetylphosphoramidothioate} (Orthene 97®, Amvac Chemical Corporation, Los 

Angeles CA) at 0.28 kg a.i. ha-1, using a CO2-pressurized backpack sprayer equipped 

with a single regular hollow-cone nozzle, and calibrated to deliver 74.8 L ha-1.   

At approximately three, four, and five weeks after planting, a razor blade was used to 

remove five randomly selected plants per plot at the soil level.  These plants were gently 

and immediately placed into glass jars containing a solution of liquid soap and water to 

reduce the surface tension of the water preventing the thrips from floating.  On the same 

day, the soap-water solution was washed through a 270-mesh sieve, containing 0.053 mm 

openings, using a TeeJet® XR 80-02 flat-fan nozzle (TeeJet Technologies, Wheaton, IL) 

attached to a water faucet.  The extracted thrips were then washed into small plastic vials  
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containing 70% alcohol solution.  The plants were allowed to air-dry for one week and 

were then weighed using an electronic digital scale.  Adult and immature thrips were later 

counted by observing the alcohol solution under a Bausch and Lomb® stereo zoom 

microscope (Bausch and Lomb®, Rochester NY) using small plastic Petri dishes 

containing 6.35 mm square grids and a finger-operated mechanical counter.   

 

Plant heights and nodes above white flower (NAWF) were recorded for six plants in the 

center two rows of each plot in early August of each year.  Prior to defoliation, percent 

open boll measurements were recorded on a randomly chosen 1-m section of row within 

each plot.  Plant height, the number of total and sympodial nodes, the number of total and 

sympodial bolls, retention of sympodial bolls, and mapping of fruit in all node zones 

were collected for six plants per plot prior to harvest.  Prior to defoliation, two soil 

samples were collected from the soil directly under a seed hill in each plot using a regular 

soil probe and sent to the North Carolina Department of Agriculture – Agronomic 

Division for nematode analysis. 

 

The center two rows of each plot were harvested with a two-row spindle picker on 12 

October 2007 and 16 October 2008 at Duplin County, and 21 October 2008 at CCRS.  

Seedcotton weights for each plot were recorded and sub-samples were collected for high 

volume instrumentation analysis and lint percentage.  Harvest data included lint yield, 

micronaire, fiber length, fiber length uniformity, and fiber strength.   
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Data were subjected to analysis of variance using the general linear model in SAS version 

9.1.3 (SAS Institute, Cary NC).  Means of significant main effects and interactions were 

separated using Fisher’s Protected LSD at p<0.05.  To preserve the factorial arrangement 

of the insecticide rates and band lengths and to provide relevance to a “no insecticide” 

treatment, all parameters were analyzed as percent of the non-treated control.  In 

instances when there was no insecticide rate by band length interaction, the remaining 

treatments were compared using a mean separation procedure to the two granular 

insecticide rates applied in a solid band.    

 

Results and Discussion 

Interactions between aldicarb rate and band length only occurred for three measured 

parameters, therefore main effects are primarily discussed.  Main effects of aldicarb rate 

and band length were analyzed and are presented as percent of the nontreated control 

(NTC).  In the instances that there were no interactions between aldicarb rate and band 

length, both aldicarb rates applied in a solid band were compared to the additional 

treatments via a mean separation procedure.  Interactions between main effects and years 

were infrequent, but are discussed accordingly.   

 

Table 1.1 illustrates the effects of aldicarb rate on thrips during the early season. Aldicarb 

rate had no effect on the number of adult, immature, or total (adult plus immature) thrips  
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per 5 plants at both 3 and 4 weeks after planting (WAP), and no effect on the number of 

adult and total thrips per 5 plants at 5 WAP.  However, the number of immature thrips  

per plant was reduced 22.9 % when the high aldicarb rate (7.4 kg ha-1) was used, 

indicating that thrips populations established and reproduced on cotton when the low 

aldicarb rate was used.  Table 1.2 illustrates the effects of aldicarb rate on early season 

plant dry weight and nematodes.  Plant dry weight at 3 WAP was unaffected by aldicarb 

rate, although the numeric trend was different between Duplin County in both years and 

Clayton in 2008, as well as plant dry weight at 4 WAP at all locations.  Plant dry weight 

at 5 WAP was unaffected by aldicarb rate in 2008, whereas dry weight was 18.5 % higher 

when the high aldicarb rate was used in 2007, indicating some mild injury or stunting 

resulting from thrips injury in this year.  In the nematode analysis of soil samples, the 

only species that was potentially harmful to cotton and present in significant numbers 

was stubby root nematodes.  The number of stubby root nematodes per plot sample was 

unaffected by aldicarb rate, although the total number of all nematode species (stubby 

root plus all non-harmful species) per plot sample was unexpectedly 13 % higher when 

the high aldicarb rate was used.  Table 1.3 illustrates the effects of aldicarb rate on 

various growth parameters and yield.  Aldicarb rate had no effect on NAWF, percent 

open bolls (%OB), plant height, the number of mainstem nodes, the node of first 

sympodia, and lint yield.  These effects suggest that the low aldicarb rate suffices in 

terms of thrips control, with regard to maturity, growth parameters and yield.  Table 1.4 

illustrates the effects of aldicarb rate on boll distribution.  Aldicarb rate also had no effect  
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on the number of sympodial and total bolls per plant, and retention of sympodial bolls.  

Boll distribution in node zones 4 through 7, 8 through 10, and 17 through 19 was  

unaffected by aldicarb rate, although the numeric trend for bolls on nodes 4 through 7 

was different between Duplin County in both years, and Clayton in 2008.  These effects 

suggest that the low aldicarb rate suffices in terms of thrips control, with regard to 

maturity, growth parameters and yield.  Micronaire was 0.5 % higher when the high 

aldicarb rate was used, however no other fiber quality parameter was influenced by 

aldicarb rate (Table 1.5).   

 

Aldicarb band length had no effect on the number of adult, immature, or total thrips per 5 

plants at both 3 and 5 WAP, and the number of adult and immature thrips per 5 plants at 

4 WAP (Table 1.6).  However, the total number of thrips per 5 plants at 4 WAP was 61 % 

higher when the short (7.62-cm band) was used compared to the solid band, although the 

number of thrips associated with the long (15.24-cm band) was not different from either 

the solid or the short bands.  Plant dry weight at 3 and 4 WAP was unaffected by aldicarb 

band length, however dry weight at 5 WAP was 21.6 % less when the short band was 

used compared to the solid band (Table 1.7).  Although these effects were miniscule in 

these environments, it could indicate that the short band may be insufficient in heavy 

thrips pressure or cooler, drier environments.  Plant dry weight at 5 WAP associated with 

the long band was no different than that of both the solid and short bands.  Stubby Root 

and the total number of nematodes per plot sample were both unaffected by band length  
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(Table 1.7).  Aldicarb band length had no effect on NAWF, %OB, plant height, the 

number of mainstem nodes, the node of first sympodia, and lint yield (Table 1.8),  

indicating that the short band suffices in providing sufficient thrips control, regardless of 

the early-season effects.  Table 1.9 illustrates the effects of band length on boll 

distribution.  Band length had no effect the number of sympodial and total bolls per plant 

at all locations, and retention of sympodial bolls at Duplin County in both years.  At 

Clayton in 2008, the short band unexplainably resulted in 13.2 and 19.1 greater 

sympodial retention when compared to the solid and the long band respectively.  The 

number of bolls on nodes 4 through 7 was unaffected by band length at any location, 

although the numeric trend was different between Duplin County in both years and 

Clayton in 2008.  The number of bolls on node zones 8 through 10, and 17 through 19 

were unaffected by band length at all locations and years.  Band length also had no effect 

on any fiber quality parameter at any location, although the numeric trend for fiber 

strength was different between Duplin County in both years and Clayton in 2008 (Table 

1.10).   

 

Interactions between aldicarb rate and band length were observed for height-to-node 

ratio, the number of sympodial nodes, and the number of bolls on nodes 11 through 13 

and 14 through 16 (Table 1.11).  This interaction had no effect on height-to-node ratio in 

either year, although the numeric trend was different between years.  Data suggested that 

insecticide treatment had very little effect on height-to-node ratio in 2008.  The number  
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of bolls on nodes 11 through 13 resulting from the low aldicarb rate applied in the short 

band was significantly higher than all treatments except for the high aldicarb rate applied  

in the long band.  The number of bolls on nodes 14 through 16 resulting from the low 

aldicarb rate applied in the short band was significantly higher than all other treatments.  

The high aldicarb rate applied in the long band resulted in 38.2 percent more bolls in this 

node zone when compared to the high aldicarb rate applied in the short band.  The 

number of sympodial nodes per plant associated with the low aldicarb rate (3.7 kg ha-1) 

applied in the short band was significantly higher than all other treatments except the 

high aldicarb rate applied in the solid band.  The number of sympodial nodes per plant 

was not different among any of the remaining treatments.  These results indicate that the 

low aldicarb rate applied in the short band can result in greater thrips injury, thus a delay 

in maturity, as supported by the increase in total nodes and the proportion of fruit set at 

the two highest node zones.    There were no other significant differences between 

treatments for this parameter.   

 

As previously mentioned, a mean separation procedure was used to compare actual 

values of additional treatments with that of the two aldicarb rates applied in the solid 

band.  Table 1.12 illustrates the effects of insecticide treatment on thrips numbers at 3 

WAP.  At Duplin County (2007) and Clayton (2008), the number of adult thrips per 5 

plants at 3 WAP was highest in the NTC and in acephate alone applied at 3 WAP, 

compared to all other treatments.  This effect can be expected in most environments.   
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Abamectin plus thiamethoxam (seed treatment) followed by (fb) acephate also resulted in 

significantly greater adult thrips numbers when compared to both aldicarb rates.  This can  

be expected, because the acephate was applied soon after sampling on this day.  At 

Duplin County in 2008, the number of adult thrips per 5 plants at 3 WAP associated with 

the seed treatment, with and without the subsequent acephate application, was 

significantly greater than both aldicarb rates, but were no different than acephate alone or 

the NTC.  The number of immature thrips per 5 plants at 3 WAP associated with 

acephate alone and the NTC was significantly greater than all other treatments in both 

2007 and 2008, although the NTC resulted in numerically less thrips than the acephate 

alone treatment in 2008.  The acephate alone treatment and the NTC treatments also 

resulted in significantly greater total number of thrips per 5 plants at 3 WAP compared to 

all other treatments at all three site years, although numeric trends were different among 

all site years.  The acephate was applied immediately after sampling on that day, thus 

these treatments were essentially the same at this time, as supported by the data.  Table 

1.13 illustrates the effects of insecticide treatment on thrips numbers at 4 WAP.  The 

number of adult thrips per 5 plants at 4 WAP was not affected by insecticide treatment at 

all locations.  At Duplin County in 2007, the NTC resulted in a significantly higher 

number of immature thrips per 5 plants at 4 WAP than all other treatments.  Of the 

remaining treatments, the seed treatment alone resulted in a higher number of immature 

thrips per 5 plants at 4 WAP compared to the high aldicarb rate.  Therefore, it is evident 

that thrips control may have been diminishing by 4 WAP, while this was not observed in  
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other treatments.  At Duplin County in 2008, again the NTC resulted in a significantly 

higher number of immature thrips per 5 plants at 4 WAP than all other treatments, and  

the acephate alone treatment resulted in higher thrips numbers than the low aldicarb rate.  

At Clayton in 2008, the NTC resulted in a higher number of immature thrips per 5 plants 

at 4 WAP compared to all other treatments, with no differences between remaining 

treatments.  At this location, the seed treatment alone was as effective as other treatments 

in terms of thrips control.  At Dupin County in 2007, the total number of thrips per 5 

plants at 4 WAP was significantly higher in the NTC compared to all other treatments, 

with the seed treatment alone resulting in greater thrips numbers than both aldicarb rates, 

similar to the effect observed at this location at 4 WAP.  At Duplin County in 2008, again 

the NTC resulted in greater thrips numbers compared to all other treatments, with 

acephate alone resulting in higher total thrips numbers than the low aldicarb rate.  At 

Clayton in 2008, the NTC resulted greater thrips numbers compared to all other 

treatments, with no differences among remaining treatments.  Table 1.14 illustrates the 

effects of insecticide treatment on thrips numbers at 5 WAP.  At Duplin County in both 

years, the number of adult thrips per 5 plants at 5 WAP was not affected by insecticide 

treatment, while the NTC resulted in significantly higher numbers of adult thrips than all 

other treatments at Clayton in 2008.  At Duplin County in 2007, the number of immature 

thrips per 5 plants at 5 WAP was greater in the NTC compared to all other treatments, 

followed by the seed treatment alone, again indicating that the longevity of thrips control 

resulting from the seed treatment, may be shorter than other treatments.  There were no  
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differences among the remaining treatments.  At Duplin County in 2008, the number of 

immature thrips per 5 plants at 5 WAP was significantly the greatest in the seed treatment  

alone, followed by the NTC.  The acephate alone treatment also resulted in greater 

immature thrips numbers than the seed treatment fb acephate treatment and the high 

aldicarb rate.  At Clayton in 2008, the seed treatment alone resulted in the highest number 

of immature thrips, followed by the NTC, although only the NTC had significantly 

greater immature thrips numbers when compared to both aldicarb rates.  At Duplin 

County in 2007, the total number of thrips per 5 plants at 5 WAP was greatest in the 

NTC, followed by the seed treatment alone, likely a result of the number of immature 

thrips at this time.  In this site-year, the acephate alone treatment resulted in higher total 

thrips numbers when compared to the high aldicarb rate.  At Duplin County in 2008, the 

seed treatment alone resulted in significantly greater total thrips numbers at 5 WAP than 

all treatments except for the NTC, in contrast to the effects observed at other locations.  

The acephate alone treatment in this site-year resulted in greater total thrips numbers at 5 

WAP than the seed treatment fb acephate and the high aldicarb rate.  At Clayton in 2008, 

the seed treatment alone and the NTC resulted in greater total thrips numbers at 5 WAP 

than all other treatments.  In all site-years, plant dry weight at 3 and 4 WAP was least in 

the NTC and the acephate alone treatments, compared to all other insecticide treatments.  

All insecticide treatments resulted in greater plant dry weight at 5 WAP than the NTC in 

all site-years.  Acephate alone resulted in lower plant dry weight at 5 WAP compared to 

the other insecticide treatments.  These results indicate that both aldicarb and seed  
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treatments control thrips effectively, and that the injury observed by some treatments was 

transient.  The high aldicarb rate and the seed treatment fb acephate resulted in greater  

plant dry weight at 5 WAP than the seed treatment alone, but was no different than that of 

the low aldicarb rate.  The low aldicarb rate also resulted in similar plant dry weight at 5 

WAP to that of the seed treatment alone. 

 

Table 1.16 illustrates the effects of insecticide treatment on various growth parameters 

and yield.  All insecticide treatments yielded higher than the NTC.  Acephate alone 

resulted in significantly less lint yield than the seed treatment alone or the seed treatment 

fb acephate, but was no different from the yields resulting from both aldicarb rates.  All 

insecticide treatments resulted in higher open boll percentages than the NTC.  Nodes 

above white flower were highest in the NTC, followed by acephate alone, although there 

was no difference between acephate alone and both the seed treatment alone and the low 

aldicarb rate.  These effects indicate that suboptimal thrips control may result in delayed 

maturity.  The high rate of aldicarb and the seed treatment fb acephate resulted in similar 

NAWF as the seed treatment alone and the low aldicarb rate, but were significantly less 

than that of acephate alone.  All insecticide treatments resulted in significantly taller 

plants than the NTC in 2007.  The high aldicarb rate and the seed treatment fb acephate 

resulted in taller plants than the seed treatment alone and acephate alone, but the low 

aldicarb rate resulted in similar plant height to all insecticide treatments.  Insecticide 

treatment had no effect on plant height in 2008.  Table 1.17 illustrates the effects of  
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insecticide treatment on plant nodes.  The total number of nodes per plant was not 

affected by insecticide treatment at all site-years.  The node of first sympodial branch was  

also not affected by insecticide treatment in 2008, although the numeric behavior 

between locations in this year was slightly different.  At Duplin County in 2007, 

however, highest values for node of first sympodia was observed in the NTC, followed 

by acephate alone, and all remaining treatments resulted in significantly lower values 

than both of these treatments. This also supports the notion that thrips injury can result in 

delayed maturity.  All insecticide treatments resulted in a greater number of bolls on 

nodes 4 through 7 in 2007, an indicator that controlling thrips may promote earlier 

maturity, but the number of bolls in this node zone was not affected by insecticide 

treatment in 2008 (Table 1.18).  Boll distribution in all higher node zones was not 

affected by insecticide treatment in all site-years.  Retention of sympodial bolls, the total 

number of bolls, and the number of sympodial bolls in all site-years, and the number of 

stubby root nematodes per plot sample in each year, were not affected by insecticide 

treatment, although the numeric trend of the latter parameter was different between years 

(Table 1.19).  Insecticide treatment did not affect any fiber quality parameter in all site-

years (Table 1.20).   

 

Although aldicarb rate did not influence thrips numbers, cotton yield, and most growth or 

maturity parameters in this experiment, some datum suggests that early season growth 

and crop maturity may be influenced by rate, therefore low rates could result in  
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suboptimal growth or yield in other environments or under heavier thrips pressure than 

was observed in this experiment (Tables 1.1, 1.2, 1.6, 1.7, 1.9).  Aldicarb band length in  

this experiment also had no impact on yield and most growth or maturity parameters, 

however some data suggested that the short band (7.62 cm) could result in more thrips, 

and thus injury, which could also result in suboptimal yield or delays in maturity in other 

environments.  In this experiment, early season thrips injury, associated with the low rate 

of aldicarb and the short band, was transient.  The lack of significant aldicarb rate by 

band length interactions for the majority of the parameters measured, indicate that these 

two factors are independent of each other, and that results observed from band lengths 

behave similarly across aldicarb rates.  These results were similar to that of Lohmeyer et 

al. (2001; 2002) and Van Duyn et al. (2002), indicating that precision application of 

aldicarb in a hill-dropped system can maintain optimal thrips control, maturity, and lint 

yield.  

 

Similar to the findings of Herbert et al. (2007), most data from this experiment suggested 

that the seed treatment performs similarly to aldicarb in terms of thrips control and yield, 

although some datum suggested that the seed treatment fb acephate allowed for better 

thrips control than the seed treatment alone.  This indicates that the window of thrips 

control may be shorter for seed treatments alone when compared to aldicarb, similar to 

the findings of Van Duyn et al. (1998).   
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Table 1.21 illustrates the costs of each treatment used in this experiment, as well as the 

percent savings of each treatment relative to the most expensive treatment.  A precision  

application system may allow significant at-planting costs savings compared to 

traditional planting methods.  The more risky methods (low aldicarb rates and short 

bands) allow for substantial savings (91 %) whereas the more conservative approaches 

(high rates and long bands) allow for fewer savings however they are still significant (63 

%).  Regardless of the level of risk associated with these precision application systems, 

all are less expensive than the seed treatment fb acephate treatment, which is usually 

recommended when utilizing seed treatments.  However, other considerations, including 

equipment capabilities and a method of precision application of aldicarb must be devised 

before the economic advantages of this system could be realized. 

 

 

 

 

 

 

 

 

 

 



 23

 
 

Literature Cited 
 
Bacheler, J.S.  2009. Managing insects in cotton. p. 126-147.  In K.L. Edmisten (ed.).  

North Carolina Cotton Information. Publ. AG-417. North Carolina Cooperative 
Ext. Serv., Raleigh, NC. 

 
Bauer, P.J., and M.E. Roof. 2004. Nitrogen, aldicarb, and cover crop effects on cotton  

yield and fiber properties. Agron. J. 96:369-376.  
 
Bridge, R.R., W.R. Meredith Jr., and J.F. Chism. 1973. Influence of planting method and  

plant population on cotton (Gossypium hirsutum L.). Agron. J. 65:104-109.  
 
Crozier, C.R.  2009. Fertilization. p. 35-48.  In K.L. Edmisten (ed.). North Carolina  

Cotton Information. Publ. AG-417. North Carolina Cooperative Ext. Serv., 
Raleigh, NC. 

 
Edmisten, K.L.  2009a. Cotton defoliation. p. 148-166.  In K.L. Edmisten (ed.). North  
 Carolina Cotton Information. Publ. AG-417. North Carolina Cooperative Ext.  
 Serv., Raleigh, NC. 
 
Edmisten, K.L.  2009b. Suggestions for growth regulator use. p. 58-64.  In K.L. Edmisten  

(ed.). North Carolina Cotton Information. Publ. AG-417. North Carolina 
Cooperative Ext. Serv., Raleigh, NC. 

 
Furr, R.E. Jr., F.A. Harris, and J.T. Robbins. 1998. Thrips control in the Mississippi delta,  

1993-97. In Proc. Beltwide Cotton Conf. 2:1270-1275. Natl. Cotton Counc. Am., 
Memphis,TN.  

 
Greene, J., J.D. Mueller, D. Robinson, and W.W. Bonnette. 2007. Comparisons of  

nematicide/insecticide seed treatment and in-furrow products. In Proc. Beltwide  
Cotton Conf. New Orleans, LA. Jan 9-12. Natl. Cotton Counc. Am.,  
Memphis,TN.  

 
Grey, T.L., G.D. Buntin, P.M. Roberts, and D.C. Bridges. 2006. Potential interaction of  

pendimethalin and systemic insecticides for thrips control in cotton. Agron. J.  
98:141-147. 

 
Hawkins, B.S., and H.A. Peacock. 1971. Response of ‘Atlas’ cotton to variations in  

plants per hill and within-row spacings. Agron. J. 63:611-613. 
 
 



 24

 
 
Herbert, D.A., J. Bacheler, S. Malone, and D. Mott. 2007. Thrips control options in  

Virginia/North Carolina: Overviews, insights and updates. In Proc. Beltwide 
Cotton Conf. New Orleans, LA. Jan 9-12. 1649-1653. Natl. Cotton Counc. Am., 
Memphis,TN. 

 
Hopkins, J.D., J.D. Reaper III, D.R. Johnson, and G.M. Lorenz III. 2002. Thrips  

management in Arkansas cotton. In Proc. Beltwide Cotton Conf. Altlanta, GA.  
Jan 8-12. Natl. Cotton Counc. Am., Memphis,TN.  

 
Johnson, D.R., J.D. Hopkins, G.M. Lorenz III, and J.D. Reaper III. 2001. Evaluation of  

thrips management options in cotton. In Proc. Beltwide Cotton Conf. 2:1086- 
1088. Natl. Cotton Counc. Am., Memphis,TN.  

 
Kittock, D.L. 1974. Lint yield of hill-dropped and drill-planted pima cotton. Agron. J.  

66:593-594.  
 
Koenning, S.  2009. Disease management in cotton. p. 56-67.  In K.L. Edmisten (ed.).  

North Carolina Cotton Information. Publ. AG-417. North Carolina Cooperative 
Ext. Serv., Raleigh, NC. 

 
Lentz, G.L., N. Van Tol, and D. Pekarchick. 2003. Performance of early-season  

insecticides under adverse conditions in west Tennessee. In Proc. Beltwide Cotton  
Conf. Nashville, TN. Jan 6-10. Natl. Cotton Counc. Am., Memphis,TN.  

 
Lohmeyer, K.H., J.N. All, J.K. Lance, P.M. Roberts, and P.B. Bush. 2002. Reducing  

planting time aldicarb use in cotton utilizing precision placement and  
conservation tillage. In Proc. Beltwide Cotton Conf. Altlanta, GA. Jan 8-12. Natl.  
Cotton Counc. Am., Memphis,TN. 

 
Lohmeyer, K., J. All, P. Bush, P. Roberts, and K. Lance. 2001. Hill-drop application of  

aldicarb to enhance efficiency of thrips management in cotton. In Proc. Beltwide 
Cotton Conf. 2:1114-1116. Natl. Cotton Counc. Am., Memphis,TN. 

 
Lopez, J.D. Jr., B.K. Fritz, M.A. Latheef. Y. Lan, D.E. Martin, and W.C. Hoffman. 2008.  

Evaluation of toxicity of selected insecticides against thrips on cotton in 
laboratory bioassays. J. Cotton Sci. 12:188-194.  

 
Mailhot, D., J. Marois, and D. Wright. 2007. Species of thrips associated with cotton  

flowers. J. Cotton Sci. 11:186-198.  
 
 



 25

 
 
Siebert, J.D., A.M. Stewart, B.R. Leonard. 2006. Comparative growth and yield of cotton  

planted at various densities and configurations. Agron. J. 98:562-568.  
  
Stewart, S.D., G.M. Lorenz, K.L. Willis, B.A. Hanks, S.J. Steckel, C.K. Colwell. 2007.  

Thrips control in seedling cotton. In Proc. Beltwide Cotton Conf. New Orleans,  
LA. Jan 9-12. Natl. Cotton Counc. Am., Memphis,TN.  

 
Van Duyn, J., J.R. Bradley Jr., R. Jackson, M. Ambrose, and R. Kurtz. 2002. Efficacy of  

hill-drop applied Temik 15G and potential cost savings when coupled with new  
technology seed. In Proc. Beltwide Cotton Conf. Altlanta, GA. Jan 8-12. Natl.  
Cotton Counc. Am., Memphis,TN.  

Van Duyn, J., J.R. Bradley Jr., A.L. Lambert, C.P.C. Suh, and J. Faircloth. 1998. Thrips  
management with Gaucho® seed treatment in North Carolina cotton. In Proc. 
Beltwide Cotton Conf. 2:1183-1187. Natl. Cotton Counc. Am., Memphis,TN.  

 
York, A.C., and S. Culpepper.  2009. Cotton defoliation. p. 68-125.  In K.L. Edmisten  

(ed.). North Carolina Cotton Information. Publ. AG-417. North Carolina 
Cooperative Ext. Serv., Raleigh, NC. 

 
Zimet, D.J., J.L. Smith, J.R. Rich, R.A. Kinloch. 2002. Improving returns using  

nematicides in cotton fields infested with reniform nematodes in northwestern  
Florida. J. Cotton Sci. 6:34-39.



 26

 
 
 
 

Table 1.1.  Aldicarb rate effect on the number of thrips per 5 plants at 3, 4, and 5 weeks after planting in 2007 and 2008.z 
 

Aldicarb 
Rate 

Number of 
adult  

thrips per 
 5 plants at 

3 WAPy 

Number of 
immature 
thrips per  
5 plants at 

3 WAP 

Total 
number of 
thrips per  
5 plants at 

3 WAP 

Number of 
adult thrips 

per 5 
plants at  
4 WAP 

Number of 
immature 
thrips per  
5 plants at 

4 WAP 

Total 
number of 
thrips per 
5 plants at 

4 WAP 

Number of 
adult thrips 

per 5 
plants at  
5 WAP 

Number of 
immature 
thrips per  
5 plants at 

5 WAP 

Total 
number of 
thrips per 
5 plants at 

5 WAP 

kg ha-1 __________________________________________________________________________% of NTCx_______________________________________________________________________ 
 

3.7 
 

46 13 16 
 

89 27 31  90 55.63 a 59 

 
7.4 

 
37 8 6 

 
88 8 15 66 42.89 b 42 

 
LSD 

 
NS NS NS 

 
NS NS NS NS 

 
12.73 

 
NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s Protected 
LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.2.  Aldicarb rate effect on plant dry weight at 3, 4, and 5 weeks after planting and number of nematodes per plot in 2007 and 2008.z 

 

Aldicarb 
Rate 

 
 

Plant dry weight  
3 WAPy 

 
 

Plant dry 
weight 
4 WAP 

Plant dry weight 
5 WAP 

Stubby Root 
nematodes per 
plot sample at 
end of season 

Total  
nematodes per 
plot sample at 
end of season 

 
Duplin Co. 
2007-2008 

Clayton 
2008 All locations 2007 2008 All locations 

kg ha-1 ___________________________________________________________% of NTCx______________________________________________________________ 
 

3.7 
 

122  
 

131 
 

200 347.7 b 261 129 112.5 b 

 
7.4 

 
131 

 
126 

 
202 426.6 a 266 118 129.3 a 

 
LSD 

 
NS 

 
NS 

 
NS 72.77 NS NS 13.7 

zData are pooled over years and locations unless noted otherwise.  Means within a column followed by dissimilar letters are significantly  
different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.3.  Aldicarb rate effect on growth parameters and lint yield in 2007 and 2008.z 
 

Aldicarb 
rate 

Nodes above 
white bloom 

Percent open 
bolls 

 
 

Plant height 

Number of 
mainstem 

nodes 

 
Node of first 
sympodial 

branch 

 
 

Lint yield 
kg ha-1 ________________________________________________% of NTCy_____________________________________________________ 

 
3.7 

 
81 398 120 

 
99 

 
99 

 
184 

 
7.4 

 
78 387 119  

 
97 

 
96 

 
190 

 
LSD 

 
NS NS NS NS 

 
NS 

 
NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly  
different based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 
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Table 1.4.  Aldicarb rate effect on boll distribution in 2007 and 2008.z 
 

Aldicarb 
Rate 

Total 
number of 
bolls per 

plant 

Number of 
sympodial 
bolls per 

plant 

Sympodial 
boll 

retention 
Number of bolls on  

nodes 4-7 

Number of 
bolls on 
nodes  
8-10 

Number of 
bolls on 
nodes  
17-19 

 All locations 
Duplin Co. 
2007-2008 

Clayton 
2008 All locations 

kg ha-1 ________________________________________________________% of NTCy________________________________________________________ 
 

3.7 
 

133 120 110 
 

462 151 111 219 

 
7.4 

 
122 112 106 

 
647 153 114 117 

 
LSD 

 
NS NS NS 

 
NS NS NS 

 
NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 
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Table 1.5.  Aldicarb rate effect on fiber quality parameters in 2007 and 2008.z 
 

Aldicarb rate Micronaire Upper half mean 

 
 

Uniformity 
index Fiber strength 

kg ha-1 ______________________________________% of NTCy_____________________________________ 
 

3.7 
 

100.04 b 98 99 
 

98 

 
7.4 

 
100.51 a 99 100 

 
98 

 
LSD 

 
0.404 NS NS NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar  
letters are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 
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Table 1.6.  Aldicarb band length effect on the number of thrips per 5 plants at 3, 4, and 5 weeks after planting in 2007 and 2008.z 
 

Aldicarb 
Band 
length 

Number of 
adult  

thrips per  
5 plants at  
3 WAPy 

Number of 
immature 
thrips per  
5 plants at 

3 WAP 

Total 
number of 
thrips per  
5 plants at  

3 WAP 

Number of 
adult  

thrips per  
5 plants at 

4 WAP 

Number of 
immature 
thrips per  
5 plants at  

4 WAP 

Total 
number of 
thrips per 5 

plants at 
4 WAP 

Number of 
adult 

 thrips per 5 
plants at 
5 WAP 

Number of 
immature 
thrips per  
5 plants at  

5 WAP 

Total 
number of 
thrips per 5 

plants at  
5 WAP 

cm __________________________________________________________________________________% of NTCx______________________________________________________________________________ 
 

solid 
 

20 1 2 92 
 

4 13.32 b 78 30 41 

7.62 64 21 18 98 
 

29 34.17 a 84 62 57 

 
15.24 

 
40 9 13 76 

 
18 22.68 ab 72  56 53 

 
LSD 

 
NS NS NS NS 

 
NS 14.32 NS NS NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s Protected LSD test  
at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.7.  Aldicarb band length effect on plant dry weight and nematodes in 2007 and 2008.z 
 
Aldicarb 

Band 
length 

Plant dry 
weight  

3 WAPy 
Plant dry weight 

4 WAP 
Plant dry weight 

5 WAP 

Stubby Root 
nematodes  

per plot sample 

Total  
nematodes  

per plot sample 

cm _________________________________________% of NTCx_______________________________________________ 

 
solid 

 
131 

 
215 341.7 a 97 120 

7.62 127 
 

187 267.9 b 164 117 

 
15.24 

 
123  

 
201 304.8 ab 109 126  

 
LSD 

 
NS 

 
NS 41.5 NS NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control.
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Table 1.8.  Aldicarb band length effect on growth parameters and lint yield in 2007 and 2008.z 

 

Aldicarb rate 
Nodes above 
white bloom 

Percent open 
bolls 

 
 

Plant height 

Number of 
mainstem 

nodes 

 
Node of first 
sympodial 

branch 

 
 

Lint yield 
cm ____________________________________________________% of NTCy__________________________________________________________ 

 
solid 

 
78 401 117 98 

 
100 

 
189 

7.62 80 397 122 98 
 

97 
 

189 

 
15.24 

 
80 380 119  98 

 
95 

 
184 

 
LSD 

 
NS NS NS NS 

 
NS 

 
NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly  
different based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 
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Table 1.9.  Aldicarb band length effect on boll distribution in 2007 and 2008.z 
 

Aldicarb 
Rate 

Total 
number of 
bolls per 

plant 

Number of 
sympodial 
bolls per 

plant Sympodial boll retention 
Number of bolls on nodes 

4-7 

Number of 
bolls on 
nodes 
8-10 

Number of 
bolls on 
nodes 
17-19 

 All locations 
Duplin Co. 
2007-2008 

Clayton 
2008 

Duplin Co. 
2007-2008 

Clayton 
2008 All locations 

cm ___________________________________________________________________% of NTCy_________________________________________________________________ 
 

solid 
 

114 105 99 113.98 b 448 168 111 119 

7.62 135 123 96 131.36 a 535 156 116 219 

 
15.24 

 
131 118 110 106.27 b 678 131 110 157 

 
LSD 

 
NS NS NS 14.61 NS NS NS NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 
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Table 1.10.  Aldicarb rate effect on fiber quality parameters in 2007 and 2008.z 

 

Aldicarb rate Micronaire Upper half mean 

 
 

Uniformity 
index Fiber strength 

 

All locations 
Duplin Co. 
2007-2008 Clayton 2008 

cm ____________________________________________________% of NTCy____________________________________________________ 
 

solid 
 

101 99 100 98 97 

7.62 99 99 99 98 98 

 
15.24 

 
101 99 100 96 99 

 
LSD 

 
NS NS NS NS NS 

zData are pooled over years and locations.  Means within a column followed by dissimilar  
letters are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control.
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Table 1.11.  Aldicarb rate and band length interaction effect on growth parameters in 2007 and 2008.z 

 

Insecticide  
treatment Height-to-node ratio 

Number of 
sympodial 

nodes  
per plant  

Number of 
bolls on 

nodes 11-13 

Number of 
bolls on  

nodes 14-16 

 2007 2008 All locations 

 _______________________________________% of NTCy_______________________________________ 

 
3.7 kg ha-1 

aldicarb 
solid band 

 

143 104 93.12 b 93.24 b 82.22 bc 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

169 103 101.95 ab 88.33 b 81.54 bc 

 
3.7 kg ha-1 

aldicarb 
7.62 cm band 

 

179 106 108.97 a 128.23 a 149.19 a 

 
7.4 kg ha-1 

aldicarb 
7.62 cm band 

 

158 105 95.66 b 88.55 b 67.39 c 

 
3.7 kg ha-1 

aldicarb 
15.24 cm band 

 

172 100 98.9 b 90.29 b 102.38 bc 

 
7.4 kg ha-1 

aldicarb 
15.24 cm band 

 

160 103 99.37 b 106.14 ab 109.07 b 

 
LSD 

 
NS NS 9.073 25.512 39.167 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05. 
yNTC denotes non-treated control. 

 
 
 
 
 
 
 



 37

 
 
 
 
Table 1.12.Insecticide treatment effect on the number of thrips per 5 plants at 3 weeks after planting in 2007 and 2008.z 

 

Insecticide 
  treatment 

Number of adult thrips 
per 5 plants at 3 WAPy 

Number of immature thrips 
per 5 plants at 3 WAP 

Total number of thrips 
per 5 plants at 3 WAP 

 

Duplin Co. 
2007 & 
Clayton 

2008 
Duplin Co. 

2008 2007 2008 
Duplin Co. 

2007 
Duplin Co. 

2008 
Clayton 

2008 
 _________________________________________________________________No.______________________________________________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

2 c 2 b 4.75 b 1.13 b 8 b 3.25 b 1.75 b 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

1.75 c 2 b 1.25 b 0.38 b 4 b 2.75 b 0.75 b 

 
Avicta® 

seed 
treatment 

 

6.125 bc 8.75 a 2.5 b 3.13 b 8.75 b 13.75 b 7.25 b 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAPy 

 

7.125 b 7.5 a 2 b 2 b 11.25 b 10 b 6.5 b 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

16.375 a 7 ab 100.5 a 239.13 a 119.25 a 216.75 a 282.5 a 

 
NTCx 

 
17.625 a 5.5 ab 129.75 a 205.88 a 151.75 a 199.75 a 230.75 a 

 
LSD 

 
4.958 5.053 29.62 56.895 37.076 82.345 88.524 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.13.  Insecticide treatment effect on the number of thrips per 5 plants at 4 weeks after planting in 2007 and 2008.z 

 

Insecticide    
treatment 

Number of 
adult thrips 
per 5 plants 
at 4 WAPy 

Number of immature thrips  
per 5 plants at 4 WAP 

Total number of thrips 
per 5 plants at 4 WAP 

 
All 

locations 
Duplin Co. 

2007 
Duplin Co. 

2008 
Clayton 

2008 
Duplin Co. 

2007 
Duplin Co. 

2008 
Clayton 

2008 

 ___________________________________________________________No.___________________________________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

6.6 13.25 bc 2.25 c 3 b 18 c 7.5 c 12.75 b 

 
7.4 kg ha-1 
aldicarb 

solid band 
 

7.8 5.5 c 4.5 bc 0.5 b 11.75 c 12.75 bc 9.5 b 

 
Avicta® 

seed 
treatment 

 

8.6 40.75 b 12.75 bc 13.25 b 53 b 19.5 bc 20 b 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAPy 

 

7.2 13.5 bc 5.25 bc 2.25 b 20.75 bc 11.25 bc 10.5 b 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

7.5 26.5 bc 26 b 4.25 b 29 bc 33.5 b 16.75 b 

 
NTCx 

 
8.8 312.75 a 76.75 a 66 a 322 a 84 a 75.75 a 

 
LSD 

 
NS 31.949 22.1 37.143 33.744 24.274 39.197 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.14.  Insecticide treatment effect on the number of thrips per 5 plants at 5 weeks after planting in 2007 and 2008.z 

 

Insecticide     
treatment 

Number of adult thrips 
per 5 plants at 5 WAPy 

Number of immature thrips 
per 5 plants at 5 WAP 

Total number of thrips 
per 5 plants at 5 WAP 

 

Duplin 
Co.  

2007-2008 
Clayton 

2008 
Duplin 

Co. 2007 
Duplin 

Co. 2008 
Clayton 

2008 
Duplin 

Co. 2007 
Duplin 

Co. 2008 
Clayton 

2008 
 ____________________________________________________________________No.______________________________________________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

15.8 10.25 b 12.75 c 8.5 cd 3.5 c 38.5 cd 14.25 cd 13.75 b 

 
7.4 kg ha-1 
aldicarb 

solid band 
 

10.4 8 b 6 c 5 d 3.25 c 21.75 d 10 d 11.25 b 

 
Avicta® 

seed 
treatment 

 

23.1 7 b 35 b 28 a 17.25 a 75 b 34.25 a 24.25 a 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAPy 

 

16.1 7.5 b 6.75 c 4.25 d 7.25 bc 33.75 cd 9.5 d 14.75 b 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

22.1 7.5 b 6.25 c 13.5 bc 7.75 bc 43.5 c 20.5 bc 15.25 b 

 
NTCx 

 
18.3 20.25 a 78.25 a 19 b 9.25 b 107.25 a 26.5 ab 29.5 a 

 
LSD 

 
NS 7.724 11.046 7.959 4.886 17.437 10.317 8.8821 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control.
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Table 1.15.  Insecticide treatment effect on plant dry weight at 3, 4, and 5 weeks after planting in 2007 and 2008.z 

 
Insecticide  
treatment 

Plant dry weight 
3 WAPy 

Plant dry weight 
4 WAP 

Plant dry weight 
5 WAP 

 _____________________________________________________ g _________________________________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

0.142 a 0.337 a 0.924 ab 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

0.139 a 0.355 a 1.06 a 

 
Avicta® 

seed treatment 
 

0.149 a 0.325 a 0.78 b 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

0.15 a 0.342 a 0.991 a 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

0.105 b 0.195 b 0.572 c 

 
NTCx 

 
0.11 b  0.162 b 0.325 d 

 
LSD 

 
0.013 0.052 0.15 

zData are pooled over years and locations unless noted otherwise. Means within a column followed by dissimilar letters 
are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.16.  Insecticide treatment effect on growth parameters and lint yield in 2007 and 2008.z 

 
Insecticide  
treatment Lint yield 

Percent  
open bolls 

Nodes above 
white bloom Plant height  

 All locations 2007 2008 

 kg ha-1 % No. ______________ cm ______________ 

 
3.7 kg ha-1 

aldicarb 
solid band 

 

1573.4 ab 40.37 a 5.01 bc 113.25 ab 101 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

1595.1 ab 41.1 a 4.88 c 120.67 a 102 

 
Avicta® 

seed treatment 
 

1697.2 a 46.65 a 5.08 bc 105.79 b 101 

 
Avicta® fb 

0.28 kg ha-1 

acephate 
at 3 WAPy 

 

1685.5 a  46.37 a 4.68 c 118.92 a 99  

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

1393.7 b 40.57 a 5.36 b 104.96 b 100 

 
NTCx 

 
1080.8 c  15.04 b  6.31 a 71.22 c 103 

 
LSD 

 
222.79 11.82 0.42 12.1 NS 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control.
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Table 1.17.  Insecticide treatment effect on nodes per plant in 2007 and 2008.z 

 

Insecticide  
treatment 

Total number of 
nodes per plant Node of first sympodial branch 

 All locations 
Duplin Co. 

2007 Duplin Co. 2008 
Clayton 

2008 
 _______________________________________No.___________________________________________ 
 

3.7 kg ha-1 aldicarb 
solid band 

 

20 5.33 c 6 6 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

20 5.08 c 6 6 

 
Avicta® 

seed treatment 
 

20 5.33 c 6 6 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAPy 

 

20 5.13 c 6 6 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

21 5.83 b 5 7 

 
NTCx 

 
21 7.89 a 5 7 

 
LSD 

 
NS 0.44 NS NS 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are 
significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control
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Table 1.18.  Insecticide treatment effect on boll distribution in 2007 and 2008.z 

 

Insecticide 
treatment 

Number of bolls on  
nodes 4-7 

Number of 
bolls on 

nodes 8-10 

Number of 
bolls on 

nodes 11-13 

Number of 
bolls on 

nodes 17-19 

 2007 2008 All locations 

 ________________________________________No._______________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

3.25 a 3 4 4 1 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

3.75 a 3 4 3 1 

 
Avicta® 

seed 
treatment 

 

4.17 a 3 4 3 1 

 
Avicta® fb 

0.28 kg ha-1 

acephate 
at 3 WAPy 

 

4.46 a 3 4 3 1 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

3.38 a 3 4 4 1 

 
NTCx 

 
0.44 b 3 4 4 1 

 
LSD 

 
1.43 NS NS NS NS 

zData are pooled over years and locations. Means within a column followed by dissimilar  
letters are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.19.  Insecticide treatment effect on growth parameters and nematodes in 2007 and 2008.z 

 

Insecticide 
treatment 

Retention of 
sympodial 

bolls  
per plant 

Total number 
of bolls  
per plant 

Number of 
sympodial 

bolls  
per plant 

Number of Stubby Root 
nematodes per plot sample 

 All locations 2007 2008 
 % ________________________________No.________________________________ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

61 17 14 208 305 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

55 15 13 218 284 

 
Avicta® 

seed 
treatment 

 

56 15 13 543 273 

 
Avicta® fb 

0.28 kg ha-1 

acephate 
at 3 WAPy 

 

54 14 13 518 241  

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

57 16 15 485 291 

 
NTCx 

 
56  14  13  188 446 

 
LSD 

 
NS NS NS NS NS 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are 
significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control.
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Table 1.20.  Insecticide treatment effect on fiber quality parameters in 2007 and 2008.z 

 

Insecticide 
treatment Micronaire Upper half mean 

 
 

Uniformity index Fiber strength 
 ____Units____ ____cm____ ____%____ ____g tex-1 ____ 
 

3.7 kg ha-1 

aldicarb 
solid band 

 

4 3 81 29 

 
7.4 kg ha-1 

aldicarb 
solid band 

 

4 3 82 29 

 
Avicta® 

seed 
treatment 

 

4 3 81 29 

 
Avicta® fb 
0.28 kg ha-1 

acephate 
at 3 WAPy 

 

4 3 81 29 

 
0.28 kg ha-1 

acephate 
at 3 WAP 

 

4 3 82 29 

 
NTCx 

 
4 3 82 30 

 
LSD 

 
NS NS NS NS 

zData are pooled over years and locations. Means within a column followed by dissimilar letters are 
significantly different based on Fisher’s Protected LSD test at α = 0.05. 
yWAP denotes weeks after planting. 
xNTC denotes non-treated control. 
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Table 1.21.  Costs and percent savings relative to most-expensive treatment assuming current prices of aldicarb = 
$6.61 per kg, Avicta® = $28 per hectare for a hill-dropped system consisting of 3 seeds per hill, with hills spaced 
40.64 cm apart. 

 
Insecticide  
treatment Cost of treatment per hectare Percent savings relative to most-

expensive treatmentx 

3.7 kg ha-1 aldicarb 
solid band $ 24.46 50 % 

7.4 kg ha-1 aldicarb 
solid band $ 48.93 0 % 

3.7 kg ha-1 aldicarb 
7.62-cm band $ 4.60 91 % 

7.4 kg ha-1 aldicarb 
7.62-cm band $ 9.17 81 % 

3.7 kg ha-1 aldicarb 
15.24-cm band $ 9.17 81 % 

7.4 kg ha-1 aldicarb 
15.24-cm band $ 18.36 63 % 

Avicta® 
seed treatment $ 28 43 % 

Avicta® fb 0.28 kg ha-1 

acephate  
at 3 WAPz 

$ 33.90 31 % 

0.28 kg ha-1 acephate 
at 3 WAP $ 5.91 88 % 

NTCy $ 0.00 100 % 
zWAP denotes weeks after planting. 
yNTC denotes non-treated control. 
xPercent savings was calculated as percent of the 7.4 kg ha-1 aldicarb rate applied in a solid band. 
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Abstract 

Collins, Guy D. Defining Optimal Application Rate and Timing of Mepiquat Chloride 

For Cotton Grown In Conditions That Promote Excessive Vegetative Growth (Under the 

direction of Dr. Keith Edmisten). 

 

Mepiquat chloride (MC) is commonly used to control vegetative growth and promote 

early maturity of cotton.  Responses to MC are dependent upon the prevailing 

environmental conditions, with favorable responses often observed in conditions that 

promote vegetative growth or delayed maturity.  There have been recent claims of 

growers using extremely high MC rates on cotton grown in fertile soils and high moisture 

environments while failing to adequately control growth.  These results raise the question 

as to whether these high rates are actually necessary, or should growers be utilizing more 

aggressive application strategies in order to achieve optimal growth suppression.  

Experiments were conducted in North Carolina during 2007 and 2008 to investigate the 

effects of various MC application strategies and rates on cotton grown in high-moisture, 

high-fertility conditions.  Treatments consisted of three MC application strategies (low-

rate-multiple, modified early bloom, and early bloom) using normal (1x), moderate 

(1.5x), and high (2x) rates, which were compared to a non-treated control (NTC).  Results 

suggested that normal rates are equally effective in controlling plant growth or modifying 

maturity characteristics as the high rates, therefore the high rates may not be necessary.  

The less aggressive early bloom strategy controlled growth similarly to the more  
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aggressive application strategies, however the modified early bloom strategy may provide 

growers with some flexibility in adequately controlling growth in situations where 

applying MC to all cotton hectares at early bloom is challenging.  This strategy also 

requires less equipment trips through the field compared to the low rate multiple strategy, 

and it is equally effective in controlling plant growth. 

 

Introduction 

Plant growth regulators (PGRs) are commonly used in North Carolina cotton production 

to manage cotton growth for optimal productivity in the absence of abundant heat unit 

associated with a short-season environment.  The PGR products utilized most in this 

region contain either MC (N,N-dimethyl piperidinium chloride) or mepiquat pentaborate 

(N,N-dimethyl piperidinium pentaborate), which, if used properly, can positively 

influence cotton growth and maturity traits in some environments.  Mepiquat-containing 

PGRs influence cotton growth by obstructing cell elongation (Cordell et al., 2005) and 

expansion resulting from inhibiting the biosynthesis of gibberellins (Hake et al., 1991).  

Plant growth regulators can have several impacts on the structure of cotton plants.  

Researchers have found that PGRs reduces internode length (Reddy et al. 1992), plant 

height, the number of nodes (Jost and Dollar, 2004; Nichols et al. 2003; Reddy et al. 

1992; Siebert and Stewart, 2006; Wilson et al., 2007), height-to-node ratio (Johnson and 

Pettigrew, 2006; Nichols et al. 2003; O’berry et al. 2009), and nodes above white flower  
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(NAWF) (Johnson and Pettigrew, 2005; 2006; O’berry et al. 2009).  Others have noticed 

increased boll retention on lower branches (Prince et al., 2000) which can promote early 

maturity of the crop (Hake et al. 1991).  In addition to early maturity, PGRs can improve 

harvest efficiency (Jost and Dollar, 2004) and insect management (Edmisten, 2009), 

while potentially decreasing boll rot (Edmisten, 2009; Jost and Dollar, 2004).  The effect 

of PGRs on lint yield is inconsistent and varies depending upon other management 

practices and the prevailing environmental conditions.  Researchers have reported no 

yield response to mepiquat-containing PGRs (Pettigrew and Johnson, 2005), yield losses 

(O’berry et al. 2009) or yield increases (Coccaro et al. 2004; Elbehar et al. 1996; Elbehar 

and Welch, 1996; Johnson and Pettigrew, 2006; Nichols et al. 2003; Siebert and Stewart, 

2006, Wilson et al., 2007) in some situations.   

 

Determining the optimal MC application rate or strategy, in terms of achieving optimal 

growth suppression or yield, can be difficult as the best rate and application strategy often 

varies depending upon the potential for excessive vegetative growth.  Conditions that 

could delay maturity or promote vigorous and excessive growth, such as late-planted 

cotton, high plant populations, and excessive nitrogen and soil moisture, would likely 

result in a positive response to MC treatment (Edmisten, 2009; O’berry et al. 2009).  In 

North Carolina, the currently recommended MC application strategies include the low-

rate-multiple strategy (LRM), the modified early bloom strategy (MEB), and the early  
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bloom strategy (EB) (Edmisten, 2009).  The LRM strategy is the most aggressive 

strategy, and consists of three to four applications of low rates of MC beginning at the 

match-head square (MHS, 7- to 8-leaf cotton with squares ranging from 3.2 to 6.4 mm in 

size) growth stage and continuing every seven to 14 days until early bloom (EB, five to 

six white blooms per 7.6 m of row) or EB plus seven days (Edmisten, 2009).  The MEB 

strategy consists of at least two, and potentially three, applications of moderate rates of 

MC at 10 to 14 days prior to EB, again at EB, and seldomly 10 to 14 days after EB 

(Edmisten, 2009).  The EB strategy is the least aggressive strategy, consisting of at least 

one, and potentially two, applications of MC at higher rates beginning at EB (Edmisten, 

2009).  In a study involving narrow-row cotton in North Carolina, Wilson et al. (2007) 

observed that the LRM and MEB strategies reduced plant height more than did the EB 

strategy, and they suggested that these strategies may be more appropriate for narrow-

row systems.  Similar application strategies are implemented across the cotton belt.  

Nichols et al. (2003) found that higher rates applied multiple times reduced plant height 

more than the lower rates in Mississippi.  In Louisiana, Siebert and Stewart (2006) 

reported that their MEB strategy increased yield when compared to cotton receiving no 

mepiquat during one year.  They also reported that plant height was reduced most when 

utilizing their sequential and EB strategies in one year, and these strategies in addition to 

their MEB strategy in another year.  In Tennessee, Craig and Gwathmey (2005) reported 

that multiple-application strategies, of both low and high rates, had more impact on plant  
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height than did the near-bloom applications, although all strategies reduced height when 

compared to non-treated cotton.  Jost and Dollar (2004) in Georgia, compared multiple-

application strategies using different mepiquat-containing products and rates.  They 

found no difference in terms of plant height reduction among treatments.  In a study 

conducted in Mississippi, Coccaro et al. (2004) found that mepiquat-containing PGRs 

applied beginning at the 7- to 8- nodes stage did not control plant height as well as when 

applications were initiated at 14 nodes.  O’berry et al. (2009) suggested that the yield 

losses they noticed in Virginia and South Carolina, may be a result of early applications 

and/or high seasonal rates, which may be too aggressive.   

 

Recently, in North Carolina, there have been some claims of growers utilizing 

excessively high rates (0.22 to 0.31 kg a.i. ha-1) with MC-treated plants reaching heights 

of 1.8 to 2.8 m, which is considered to be very poor height control (Bacheler, 2006 

personal communication; Edmisten, 2006 personal communication).  This raises the 

question whether these rates were actually necessary, or should growers be utilizing more 

aggressive application strategies in order to achieve optimal growth control.  The 

objective of this experiment was to define the optimal MC application rates and strategies 

for cotton grown in conditions that promote extremely excessive vegetative growth, such 

as soils with high moisture capacity or in coastal areas that typically experience frequent 

rainfall.   
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Materials and Methods 

Experiments were conducted during 2007 and 2008 on a Norfolk fine sandy loam soil 

(fine-loamy, kaolinitic, thermic, Typic Kandiudult) at an on-farm site in Duplin County 

near Beulaville, NC.  Late-maturing cultivars, ST 6611B2RF® and DP 164 B2RF®, were 

planted at a rate of 13.1 seeds row meter-1 on 2 May 2007 and 6 May 2008, respectively, 

using a two-row vacuum planter.  Plots contained four 12.2 m long rows spaced 0.97 m 

apart.  Treatments consisted of three MC application strategies {LRM, MEB, and EB} 

along with a non-treated control (NTC), and three MC rate schematics {0.05 (1x), 0.07 

(1.5x) and 0.1 (2x) kg a.i. ha-1} to determine the optimal application strategy and rate for 

cotton grown in conditions conducive to excessive vegetative growth.  Treatments were 

replicated four times in a randomized complete block design.  Dry poultry litter was 

applied at a rate of 13.5 tons ha-1 prior to planting to ensure high nitrogen fertility.  All 

other production and pest management practices were conducted according to the North 

Carolina Cooperative Extension recommendations for that region (Bacheler, 2009; 

Crozier, 2009; Edmisten, 2009; Koenning, 2009; York and Culpepper, 2009). 

 

The LRM treatments received MC {N,N-dimethyl piperidinium chloride (Mepex®, 

Nufarm Americas Inc., Burr Ridge IL.)} at the respective total rates divided into four 

applications beginning at the MHS growth stage and continuing every seven to 14 days 

until EB or EB plus seven days.  The MEB treatments received MC at the respective total 

rates divided into two applications beginning at the MHS growth stage or MHS plus  
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seven days and again at the EB growth stage. The EB treatments received MC at the 

respective total rates in a single application at the EB growth stage.   The NTC received 

no MC at any time throughout the season.   

 

Treatments were applied using a CO2-pressurized backpack sprayer calibrated to deliver 

140 L ha-1 using TeeJet® XR110-02 flat-fan nozzles (TeeJet Technologies, Wheaton, IL).  

Plant heights, nodes, and uppermost fully expanded internode length (distance between 

4th and 5th true leaf from the top of the plant) were recorded for six plants in the center 

two rows of each plot at each MC application, and plant height, nodes, and NAWF were 

recorded for six plants in the center two rows of each plot during early August of each 

year.  Prior to defoliation, the percentage of open bolls was recorded in a randomly 

chosen 1-m section of row within each plot.  Nodes above cracked boll (nodes between 

highest first position cracked boll and highest harvestable boll) and angle measurements 

of the main stalk relative to the ground were recorded for six plants from the center two 

rows of each plot.  Prior to harvest, plant mapping data, including boll distribution and 

growth characteristics, were collected for six plants from the center two rows of plot. 

 

The center two rows of each experimental unit were mechanically harvested using a two-

row spindle picker on 12 October 2007 and 17 October 2008.  Seedcotton weights for 

each plot were recorded and sub-samples were collected for high volume instrumentation  

 



 55

 

analysis and lint percentage.  Harvest data included lint yield, micronaire, fiber length, 

length uniformity, and fiber strength.   

 

Data for maturity parameters, lint yield, and fiber quality parameters were subjected to 

analysis of variance using the general linear model in SAS version 9.1.3 (SAS Institute, 

Cary NC).  Means of significant main effects and interactions were separated using 

Fisher’s Protected LSD at p<0.05. 

 

Results and Discussion 

There were no interactions between MC treatments and years, therefore all data are 

reported combined over years.  All MC application strategies and rates within each 

treatment significantly reduced plant height compared to the NTC (Table 2.1) similar to 

the findings of Jost and Dollar (2004), Nichols et al. (2003), Reddy et al. (1992), Siebert 

and Stewart (2006), and Wilson et al. (2007).  Within each application strategy, the 

higher MC rates did not significantly reduce plant height more than the normal-use (1x) 

rates.  The 2x rate applied according to the MEB strategy significantly reduced plant 

height more than both the 1x and 2x rates applied according to the EB strategy.  In 

contrast to the findings of Nichols et al. (2003), height-to-node ratio (data not shown), 

and the number of mainstem nodes were not affected by MC treatment (Table 2.1).  

Neither MC application strategy nor rate affected the total number of bolls per plant, and 

there was also no effect on the number of sympodial nodes, the node of first sympodia,  
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the number of vegetative or sympodial bolls, or sympodial boll retention (data not 

shown).  Similar to the findings of Johnson and Pettigrew (2005; 2006) and O’berry et al. 

(2009), most MC treatments significantly reduced NAWF when compared to the NTC 

indicating that MC may promote earlier maturity.  Higher rates applied according to both 

the MEB and EB strategies did not reduce NAWF any more than the lower rates.   

 

Regarding boll distribution, the 1.5x and 2x rates applied according to the LRM strategy, 

and the 1x and 1.5x rates applied according to the MEB strategy increased the number of 

bolls on nodes four through seven compared to the NTC (Table 2.2).  Mepiquat chloride 

applied according to the EB strategy, regardless of rate, had no effect on the number of 

bolls in this node zone, as well as the LRM using the 1x rate and the MEB using the 2x 

rate.  This indicates that the more aggressive application strategies may enhance maturity 

more than the less aggressive EB strategy.  All MC application strategies and rates 

increased the number of bolls on nodes eight through 10.  These results are similar to 

those of Prince et al. (2000).  The number of bolls in this node zone increased as MC rate 

increased when applied according to the LRM strategy.  Mepiquat chloride application 

strategy or rate had any effect on the number of bolls on nodes 11 through 13 and nodes 

14 through 16.   
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Most MC application strategies and rates increased the angle of the main stalk relative to 

the soil surface compared to the NTC (Table 2.3), indicating that MC may prevent or 

reduce the potential for lodging by reducing plant height and increasing the proportion of  

bolls retained on lower nodes, resulting in plants that are less top-heavy.  For the LRM 

and the MEB strategies, the higher MC rates had no additional effect on stalk angles.  

Mepiquat chloride at all rates according to the MEB and EB strategies increased percent 

open bolls, suggesting that MC may promote an earlier harvest.  Within all application 

strategies, the higher rates did not improve boll opening.  Neither MC application 

strategy nor rate had any effect on lint yield, lint percentage, or any fiber quality 

parameter (data not shown).  

 

These results are consistent with previous research in that MC can reduce plant height 

and promote earlier maturity as seen with the effects on boll distribution in lower node 

zones, NAWF, and percent open bolls.  In most instances, the normal-use rates, or the 1x 

rates, had the same effects on plant growth and maturity as did the higher rates.  The 

higher rates, regardless of the application strategy used, seldom resulted in any plant 

modifications that would be advantageous to growers, therefore the normal-use rates 

should suffice in environmental conditions that promote excessive vegetative growth, 

similar to the conditions in which this experiment was conducted as supported by the 

plant height of the NTC.  Although these results suggested that the EB strategy was 

effective in controlling growth, in these environmental conditions the MEB strategy may  
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be more appropriate than the EB strategy because it could allow growers to control 

growth with more flexibility due to time constraints of applying MC to all cotton hectares 

at the EB stage.  This strategy may be especially effective in years when excessive 

rainfall limits the ability of equipment to travel through the field.  The MEB strategy also  

requires fewer equipment passes through the field compared to the LRM strategy, 

allowing for optimal growth control while avoiding unnecessary equipment operation 

costs.   

 

These results are inconsistent with the claims from growers that excessive MC rates 

controlled plant height poorly in similar environmental conditions, likely because the 

growers making these claims applied MC later than they should have in terms of growth 

stage.  Delaying MC application beyond the appropriate growth stage could potentially 

result in poor plant height suppression.  Another potential reason for this discrepancy 

could be that growers likely used glyphosate-resistant (Round-up Ready®) varieties 

which have the potential for poor pollination and fruit abortion when glyphosate is used 

(Pline et al., 2002).  This mild fruit abortion can cause terminal growth to be more 

aggressive, thus plant height may be more difficult to control.  This experiment was 

conducted using Roundup Ready Flex® varieties, which are tolerant to glyphosate at any 

growth stage, potentially allowing more fruit to be retained on lower nodes, which could 

restrain terminal growth.  This characteristic can often result in less aggressive terminal  
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growth potential, therefore allowing lower MC rates to suffice in terms of controlling 

plant growth.   
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Table 2.1. Effects of mepiquat chloride (MC) application strategies and rates on plant height, total 
nodes, nodes above white flower, and total bolls per plant in 2007 and 2008.z 

 
MC 

application 
strategy 

MC rate  
at each 

application Plant height 
Total nodes 

per plant 
Nodes above 
white flower 

Total bolls 
per plant 

  kg ha-1 ____ cm ____ ___________________ No. __________________ 

Low Rate 
Multipley 

0.01 113.23 bc 18.46 4.17 bc 9.58 

0.02 108.99 bc 19.93 4.57 ab 10.1 

0.025 108 bc 17.5 3.65 c 11.44 

Modified Early 
Bloomx 

0.025 113.85 bc 18.58 4.58 ab 10.69 

0.04 108.07 bc 20.21 4.04 bc 10.67 

0.05 101.51 c 19.53 4.03 bc 11.31 

Early Bloomw 

0.05 121.85 b 18.89 4.21 bc 11.9 

0.07 112.79 bc 19.72 4.32 bc 11.19 

0.1 117.85 b 19.38 4.28 bc 12.52 

Non-treated 
Control 

_____ 139.5 a 21 5.31 a 10.38 

P-value _____ 0.0030 0.3391 0.0402 0.3008 

LSD _____ 14.505 NS 0.8118 NS 
zData are pooled over years.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.1 or α = 0.05.   
yThe Low Rate Multiple Strategy consisted of four applications beginning at match-head square, and 
every 7 to 14 days until early bloom or early bloom plus 7 days. 
xThe Modified Early Bloom Strategy consisted of two applications beginning at match-head square or 
match-head square plus 7 days, and again at early bloom. 
wThe Early Bloom Strategy consisted of a single application at early bloom. 
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Table 2.2. Effects of mepiquat chloride (MC) application strategies and rates on boll distribution in 
2007 and 2008.z 

 
MC 

application 
strategy 

MC rate  
at each 

application 

Number of 
bolls on 

nodes 4-7 

Number of 
bolls on 

nodes 8-10 

Number of 
bolls on 

nodes 11-13 

Number of 
bolls on nodes 

14-16 
  kg ha-1 ______________________________ No. ________________________________ 

Low Rate 
Multipley 

0.01 2.08 a-d 2.75 d 1.83 1.17 

0.02 2.42 ab 2.77 cd 2.13 1.56 

0.025 2.29 abc 3.13 ab 2.48 2 

Modified 
Early Bloomx 

0.025 2.4 ab 3.06 abc 2.23 1.54 

0.04 2.48 a 2.98 bcd 2.08 1.31 

0.05 2 bcd 3.1 ab 2.67 1.73 

Early Bloomw 

0.05 1.88 cd 3.31 a 2.71 1.96 

0.07 2.1 a-d 2.92 bcd 2.67 1.92 

0.1 2.17 a-d 3.19 ab 2.92 1.85 

Non-treated 
Control 

_____ 1.7 d 2.35 e 2.42 2 

P-value _____ 0.0698 0.0016 0.1165 0.1562 

LSD _____ 0.4759 0.2938 NS NS 
zData are pooled over years.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.1 or α = 0.05.   
yThe Low Rate Multiple Strategy consisted of four applications beginning at match-head square, and 
every 7 to 14 days until early bloom or early bloom plus 7 days. 
xThe Modified Early Bloom Strategy consisted of two applications beginning at match-head square or 
match-head square plus 7 days, and again at early bloom. 
wThe Early Bloom Strategy consisted of a single application at early bloom. 
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Table 2.3. Effects of mepiquat chloride (MC) application strategies and rates on stalk angle and 
percent open bolls in 2007 and 2008.z 

 
MC 

application 
strategy 

MC rate  
at each 

application 
Angle of main stalk 

relative to soil surface Percent open bolls 
  kg ha-1 _________ degrees _________ ____________ % ____________ 

Low Rate 
Multipley 

0.01 74.38 ab 48.9 ab 

0.02 74.88 ab 52.87 a 

0.025 74.25 ab 45.97 ab 

Modified 
Early Bloomx 

0.025 72.83 ab 52.85 a 

0.04 78.5 a 55.66 a 

0.05 80.25 a 54.91 a 

Early Bloomw 

0.05 72.63 ab 50.8 a 

0.07 65.13 bc 52.78 a 

0.1 78 a 50.16 a 

Non-treated 
Control 

_____ 61.13 c 39.24 b 

P-value _____ 0.0586 0.0964 
LSD _____ 10.969 9.87 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.1 or α = 0.05.   
yThe Low Rate Multiple Strategy consisted of four applications beginning at match-head square, and 
every 7 to 14 days until early bloom or early bloom plus 7 days. 
xThe Modified Early Bloom Strategy consisted of two applications beginning at match-head square 
or match-head square plus 7 days, and again at early bloom. 
wThe Early Bloom Strategy consisted of a single application at early bloom. 
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Abstract 

Collins, Guy D. The Effects of Mepiquat Chloride Rate and Application Timing on the 

Regression of Light Quantum Sensor Measurements and Overhead Digital Imagery 

Measurements of Canopy Closure (Under the direction of Dr. Keith Edmisten). 

 

Several methods are commonly used for measuring plant canopy characteristics.  Leaf 

area index measurements have been found to be accurate but time consuming.  Light 

quantum sensor measurements are less time consuming but can not be utilized in cloudy 

conditions or when the sun is not directly overhead.  Recently, overhead digital imagery 

has been proven to be an accurate and efficient method of measuring plant canopies.  

However, mepiquat chloride (MC) may reduce leaf size, allowing more light to penetrate 

to the bottom of the canopy which could cause disagreement between the light quantum 

and overhead digital imagery methods.  Experiments were conducted during 2007 and 

2008 at an on-farm location in Duplin County, NC to investigate the effects of MC on the 

relationship (slope) of light quantum and overhead digital imagery measurements of 

canopy closure.  Treatments consisted of three MC application strategies {none, 

modified-early bloom, and early bloom} and two MC rate schematics totaling 0.05 (1x), 

or 0.1 (2x) kg a.i. ha-1.  Results indicated that MC application timing and rate may 

influence the relationship between light quantum and overhead digital imagery values, 

although application strategy had little to no effect.  This was especially observed later in  
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the season but prior to full canopy closure.  R-square values for all treatments also 

decreased as the season progressed.  These effects likely resulted from the reduced ability 

to separate leaf material from ground area in the overhead images of larger plants.  

Overhead digital imagery proved to be an effective and accurate method of measuring 

plant canopies, although this method should be used to evaluate smaller plants prior to 

MC application. 

 

Introduction 

Understanding the development of plant canopies and factors that influence light 

interception, or percent ground cover, are important in cotton production.  The amount of 

light intercepted by a cotton canopy directly influences vegetative and reproductive 

growth, crop maturity, competitiveness, and yield, and it can also affect weed 

management or other agronomic decisions.  Therefore, researchers need effective and 

efficient tools to accurately measure canopy light interception.   

 

Several methods of measuring light interception, or canopy architecture, have been 

evaluated and utilized.  One characteristic that can signify a plant’s light-harvesting 

capabilities is the leaf area index (LAI) (Stewart et al. 2007).  Destructive LAI 

measurements can require extensive time and labor (Hicks and Lascano, 1995).   
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Therefore, there is an interest in establishing accurate and more efficient methods of 

measuring LAI and canopy structure.  Adams and Arkin (1977) found that the meter stick 

method, the overhead imagery method, and photosensitive light-sensing methods were 

equally effective in estimating ground cover.  They concluded that the simplest and most 

economical method of estimating ground cover was measuring canopies with a meter 

stick.  Some researchers have reported that ground cover was not correlated to LAI in a 

linear fashion (Adams and Arkin, 1977).  Wells (1991) reported that LAI and light 

interception were curvi-linearly related up until canopy closure was reached, at which 

point the loss of non-light-intercepting leaves caused a steady reduction in LAI at a rate 

faster than that of light interception.  Similarly, Stewart et al. (2007) found that percent 

ground cover, calculated through overhead digital imagery, was well correlated to low 

LAI values prior to canopy closure.   

 

Hicks and Lascano (1995) evaluated plant canopy analyzer (PCA) measurements and 

compared them with destructive LAI measurements.  They found that best correlations 

were observed when the PCA was used at approximately solar noon, or in uniform 

overcast light conditions.  Other researchers support this claim in that light interception 

measurements must be conducted at solar noon in high-light conditions (Adams and 

Arkin, 1977; Purcell, 2000).  Tewolde et al. (2005) concluded that the AccuPAR light-

sensing meter can accurately measure LAI, but only at a time when the shade from a  
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complete cross section of row can be captured, and when there is little or no shading from 

adjacent rows.  Hicks and Lascano (1995) also reported that water stress contributed to 

estimation errors of the PCA.  Richardson et al. (2001) concluded that digital imagery 

proved to be an effective and accurate method of measuring ground cover in turfgrass, as 

opposed to subjective visual estimations.  Purcell (2000) reported a one-to-one 

relationship between light interception measurements collected near solar noon and 

canopy coverage values derived from digital imagery.  The digital imagery method 

described by Stewart et al. (2007) was reported to be effective and efficient, and it could 

be utilized in a wide range of light conditions.   

 

However, it is reasonable to assume that alterations in the plant canopy structure could 

influence the correlation between some of these techniques.  Cotton canopies can be 

physically altered through the use of MC-containing plant growth regulators (PGR’s), 

which are commonly used to hasten maturity of cotton.  A number of plant structure 

alterations due to PGR’s have been reported (Jost and Dollar, 2004; Nichols et al. 2003; 

Reddy et al. 1992; Siebert and Stewart, 2006; Wilson et al., 2007), likely resulting from 

inhibition of cell enlargement (Hake et al., 1991) or elongation (Biles and Cothren, 

2001).  Plant growth regulators can cause smaller and thicker leaves, and thus a lower 

LAI, which could result in improved light penetration to lower portions of the canopy 

(Hake et al., 1991).  Reduction in mainstem nodes (Jost and Dollar, 2004; Nichols et al.  



 70

 

2003; Reddy et al. 1992; Siebert and Stewart, 2006; Wilson et al., 2007), and height-to-

node ratio due to PGR treatment (Johnson and Pettigrew, 2006; Nichols et al. 2003; 

O’berry et al. 2009) likely reduces the number of leaves that could impede light 

penetration to lower portions of the canopy.  Therefore, PGR’s could potentially 

influence the correlation between digital imagery and other light interception 

measurements.  The objective of this experiment was to determine if, and how well, light-

sensor measurements were correlated to overhead digital imagery measurements, and 

also to determine if MC application strategies or rates could influence the correlation 

between these two sampling methods.   

 

Materials and Methods 

Experiments were conducted during 2007 and 2008 on a Norfolk fine sandy loam soil 

(fine-loamy, kaolinitic, thermic, Typic Kandiudult) at an on-farm site in Duplin County 

near Beulaville, NC.  ST 6611B2RF® and DP 164 B2RF®, both late-maturing cultivars, 

were planted at a rate 13.1 seeds meter-1 on 2 May 2007 and 6 May 2008, respectively, 

using a two-row vacuum planter.  Plots contained four rows 12.2 m and spaced 0.97 m 

apart.  Treatments consisted of mepiquat chloride (MC) application strategies {none, 

modified-early bloom, and early bloom} and two MC rate schematics {0.05 (1x), or 0.1 

(2x) kg a.i. ha-1} to determine the effects of MC application rates and strategies on the 

regression analyses between light interception and overhead digital imagery  
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measurements of canopy coverage.  Treatments were arranged in a randomized complete 

block design containing four replications.  All other production and pest management 

practices were conducted according to the North Carolina Cooperative Extension 

recommendations for that region (Bacheler, 2009; Crozier, 2009; Edmisten, 2009; 

Koenning, 2009; York and Culpepper, 2009). 

 

The modified-early bloom (MEB) treatments received MC {N,N-dimethyl piperidinium 

chloride} (Mepex®, Nufarm Americas Inc., Burr Ridge IL.) at the respective total rates 

divided into two applications beginning at the match-head square (MHS, 7 to 8-leaf 

cotton with squares ranging from 3.2 to 6.4 mm in size) growth stage or MHS plus 7 days 

and again at the early bloom (EB, 5 to 6 white blooms per 7.6 m of row) growth stage. 

The EB treatments received MC at the respective total rates in a single application at the 

early bloom growth stage.   The non-treated control (NTC) received no MC at any time 

throughout the season.  All MC treatments were applied using a CO2-pressurized 

backpack sprayer calibrated to deliver 140 L ha-1 using TeeJet® XR110-02 flat-fan 

nozzles (TeeJet Technologies, Wheaton, IL).  Plant heights, number of nodes, and 

uppermost fully expanded internode length (distance between the fourth and fifth true 

leaf from the top of the plant) were recorded for six plants in the center two rows of each 

plot at each MC application.   

 

 



 72

 

Light quantum sensor analysis and overhead digital photography were conducted 

simultaneously at five times throughout the season, beginning on the day of the first 

MEB MC application, and continued every 7 to 14 days until early August when plant 

vegetative growth ceased.  These measurements were conducted at 47, 56, 72, 82, and 97 

days after planting (DAP) in 2007, and 37, 48, 72, 83, and 98 DAP in 2008.  Canopy light 

data were measured as quanta using a LI-COR® 1000 light quantum sensor and data 

logger (LI-COR Biosciences, Lincoln NE).  Measurements were conducted during late 

morning in the abundance of sunlight and in direct sunlight.  First, a reference reading 

was determined by holding the light bar horizontally level above the plant canopy and 

free from obstruction.  Following this initial reading, the light bar was placed at the 

bottom of the plant canopy perpendicular between two cotton rows at three random 

locations within each plot.  Light interception was calculated as a percent of the average 

of the three below-canopy readings relative to the reference reading.   

 

Overhead digital analysis was conducted simultaneously to the light interception analysis.  

A Kodak® EasyShare DX6490 digital camera (Kodak, Rochester NY), with a spatial 

resolution of 2304 x 1728 pixels, was mounted 2.13 m high directly in the middle of an 

aluminum stand which straddled two cotton rows.  The flash mechanism was activated 

and the zoom mechanism was set to the furthest out position.  With the lens facing 

directly perpendicular to the soil surface, images of both cotton rows were taken at three 

randomly selected locations within each plot.  Image analysis was conducted using the  
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color range and mask functions within Adobe® Photoshop 4.0 software (Adobe Systems, 

San Jose CA).  This process allowed black and white images to be created by isolating 

green plant material (black) from soil or other material (white).  These images were then 

subjected to PixelCounter 1.0 Javascript software, developed at North Carolina State 

University, and percent ground cover was determined by dividing the average number of 

black pixels by the total number of pixels in the image.   

 

For each treatment at each of the five dates, data for light interception, derived from the 

LI-COR® measurements, and percent ground cover, derived from the overhead digital 

images, were subjected to regression analysis using SAS® version 9.1.3 (SAS Institute, 

Cary NC).  The slope of the regression line was indicative of the strength of the 

relationship between the two measurement techniques.  Near-vertical slopes indicated a 

strong relationship while near-horizontal slopes indicated a weaker relationship between 

the two measurement techniques.  Values for the slope of each MC treatment were 

analyzed and compared to the slope of the NTC using contrasts, to determine if MC rate 

or strategy affected the relationship between light quantum values and overhead digital 

imagery values.   

 

Results and Discussion 

Interactions between year and treatment were non-significant for all five evaluation dates, 

therefore data for the slope of the regression analysis of light quantum and overhead  
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digital imagery values are reported over years.  R-square values are also reported for each 

treatment, although only the slopes were subjected to contrast analysis.   

 

The first measurements were taken at an average of 42 DAP or approximately the 8- to 9-

leaf stage, prior to application of MC (Table 3.1).  At this time, slope values for all 

treatments were not different from that of the NTC.  This was expected because MC had 

not yet been applied.  The first MEB MC applications were made later the same day. 

 

On the second evaluation date (average of 52 DAP), only the first MC applications had 

been made to the MEB treatments, but not to the EB treatments (Table 3.2).  Slope values 

for the two MEB treatments were not different from that of the NTC.  Likewise, there 

was no difference in slope due to application strategy (MEB) with rates combined. 

 

By the third evaluation date at 72 DAP, all MC treatments had been applied (Table 3.3).  

Slope values for the 1x rate applied according to the MEB strategy, and the 2x rate 

applied according to the EB strategy, were not different from the slope of the NTC.  

However, the 2x rates applied according to the MEB strategy, and the 1x rates applied 

according to the EB strategy resulted in slope values that were significantly different than 

that of the NTC.  Likewise, both the MEB and the EB application strategies, with rates 

combined, resulted in significantly different slopes from the NTC, although slopes were 

similar between these two application strategies with rates combined. 
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The fourth evaluation date occurred at and average of 83 DAP (Table 3.4).  On this date, 

all individual treatments resulted in significantly different slopes than that of the NTC.  

Once again, both application strategies, combined over rates, resulted in different slopes 

than that of the NTC, although there were no differences in slopes between the two 

application strategies. 

 

The fifth and last evaluation date occurred at an average of 98 DAP (Table 3.5).  Full 

canopy closure was achieved, or nearly achieved, by this date.  The 1x rate of MC 

applied according to the MEB strategy resulted in a significantly different slope than that 

of the NTC.  All other individual treatments had similar slopes to that of the NTC.  The 

MEB and the EB application strategies, with rates combined, resulted in similar slopes to 

that of the NTC, with no difference between application strategies. 

 

These data suggest that MC can influence the relationship between light quantum and 

overhead digital imagery measurements of canopy coverage.  This was especially evident 

at the fourth evaluation date, when all treatments had the most time to respond to MC 

treatment, but prior to full canopy closure.  Once full canopy closure was achieved, the 

effects of MC had less impact on this relationship, likely due to the near-complete 

shading of the ground area.  Mepiquat chloride rate sometimes influenced the relationship 

between the two measurement techniques, although application strategies did not 

necessarily differ in terms of their effects on slope values.  The effects of MC on the  
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relationship between light quantum and overhead digital imagery values were not likely 

to due to the reduced leaf size allowing more light to penetrate to the bottom of the 

canopy.  These effects are likely indirect effects, in that larger plants resulting from the 

absence of MC, or delayed MC applications, caused more side-to-side, or adjacent-row 

shading of ground area and shading of lower leaves, which complicated the color-

separation procedures of the overhead digital images in the Photoshop® program.  When 

taller plants were analyzed, it was difficult to capture all of the leaf area without 

capturing a portion of the shaded ground area.  This process was much simpler when 

plants were smaller and adjacent-row shading of ground area and lower leaves was not a 

factor.   

 

The highest R-square values for all treatments were observed at the first evaluation date 

(average of 0.8675), when cotton reached the 8- to 9-leaf stage, and prior to MC 

treatment.  This is similar to the findings of Stewart et al. (2007), who conducted similar 

analyses prior to, and at first bloom, and found that overhead digital imagery 

measurements of canopy closure were well correlated to low LAI values prior to canopy 

closure.  At subsequent evaluation dates, R-square values were lower and differences in 

slope were observed, further indicating that larger plants, regardless of treatment, may 

cause the relationship between light quantum and overhead digital imagery values to 

diminish.  Figure 3.1 illustrates the relationship between overhead digital imagery and 

light quantum sensor measurements of canopy closure for both years, all evaluation dates,  
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and all treatments.  Overhead digital imagery measurements were well-correlated to light 

quantum sensor measurements when all treatments were observed over the entire season 

in both years (R-square = 0.8384).  R-square values for each individual treatment in both 

years and all evaluation dates ranged from 0.8284 to 0.8515 (data not shown).  Similar to 

other findings or suggestions (Purcell, 2000; Richardson et al., 2001; and Stewart et al., 

2007), overhead digital imagery proves to be an effective method of measuring canopy 

closure, and can be conducted in sub-optimal light conditions, however the contrast 

analysis of slopes for individual treatments at each evaluation date suggests that this 

method more accurately reflects light interception when evaluating smaller plants and 

prior to MC application, or shortly after MC application before significant time elapses 

and the response to MC is minimal.  
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Table 3.1.  Contrast analyses of the effects of mepiquat chloride (MC) application strategy and rate on the 
regression slope of photosynthetically active radiation interception versus canopy closure as measured digitally at 
an average of 42 days after planting.  No MC was applied to any treatment prior to this date.z 

 

MC treatment Adjusted R2 value Slope value P value 

Modified Early Bloom 
– two applications of  

0.025 kg ha-1 
0.9033 0.7334 0.2765 

Modified Early Bloom 
– two applications of  

0.05 kg ha-1 
0.8338 0.7444 0.3525 

Early Bloom – single 
application of 
0.05 kg ha-1 

0.8884 0.7484 0.3437 

Early Bloom – single 
application of 

0.1 kg ha-1 
0.9151 0.7773 0.5599 

Non-treated Control 0.7968 0.8323 ____ 

    
Contrast P-value 

Modified Early Bloom –  
rates combined vs. Non-treated Control 0.2515 

Early Bloom –  
rates combined vs. Non-treated Control 0.3894 

Modified Early Bloom –  
rates combined vs. Early Bloom –  

rates combined 0.6989 
zData are pooled over years.  
*Denotes significance from the Non-treated Control at p < 0.05. 
**Denotes significance between MC application strategies at p < 0.05. 
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Table 3.2.  Second of five dates for contrast analyses of the effects of mepiquat chloride (MC) application strategy 
and rate on the regression slope of photosynthetically active radiation interception versus canopy closure as 
measured digitally at an average of 52 days after planting.  The first MC treatments were applied to the modified 
early bloom treatments prior to this date.z 

 

MC treatment Adjusted R2 value Slope value P value 

Modified Early Bloom 
– two applications of  

0.025 kg ha-1 
0.2372 0.9598 0.4465 

Modified Early Bloom 
– two applications of  

0.05 kg ha-1 
0.5372 0.8817 0.3226 

Early Bloom – single 
application of 
0.05 kg ha-1 

____ ____ ____ 

Early Bloom – single 
application of 

0.1 kg ha-1 

____ ____ ____ 

Non-treated Control 0.5149 1.3722 ____ 

    
Contrast P-value 

Modified Early Bloom –  
rates combined vs. Non-treated Control 0.3518 

Early Bloom –  
rates combined vs. Non-treated Control ____ 

Modified Early Bloom –  
rates combined vs. Early Bloom –  

rates combined 
____ 

zData are pooled over years.  
*Denotes significance from the Non-treated Control at p < 0.05. 
**Denotes significance between MC application strategies at p < 0.05. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 82

 
 
 

Table 3.3.  Third of five dates for contrast analyses of the effects of mepiquat chloride (MC) application strategy 
and rate on the regression slope of photosynthetically active radiation interception versus canopy closure as 
measured digitally at 72 days after planting.  All MC treatments were applied to the modified early bloom and the 
early bloom treatments, prior to this date.z 

 

MC treatment Adjusted R2 value Slope value P value 

Modified Early Bloom 
– two applications of  

0.025 kg ha-1 
0.0774 0.5350 0.1190 

Modified Early Bloom 
– two applications of  

0.05 kg ha-1 
0.2316 1.0541* 0.0117 

Early Bloom – single 
application of 
0.05 kg ha-1 

0.1565 0.7508* 0.0420 

Early Bloom – single 
application of 

0.1 kg ha-1 
0.0752 0.6883 0.0847 

Non-treated Control -0.0232 -0.2258 ____ 

    
Contrast P-value 

Modified Early Bloom –  
rates combined vs. Non-treated Control** 0.0187 

Early Bloom –  
rates combined vs. Non-treated Control** 0.0310 

Modified Early Bloom –  
rates combined vs. Early Bloom –  

rates combined 0.8308 
zData are pooled over years.  
*Denotes significance from the Non-treated Control at p < 0.05. 
**Denotes significance between MC application strategies at p < 0.05. 
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Table 3.4.  Fourth of five dates for contrast analyses of the effects of mepiquat chloride (MC) application strategy 
and rate on the regression slope of photosynthetically active radiation interception versus canopy closure as 
measured digitally at an average of 83 days after planting.z 

 

MC treatment Adjusted R2 value Slope value P value 

Modified Early Bloom 
– two applications of  

0.025 kg ha-1 
0.2268 1.2813* 0.0066 

Modified Early Bloom 
– two applications of  

0.05 kg ha-1 
0.8166 2.1065* <0.0001 

Early Bloom – single 
application of 
0.05 kg ha-1 

0.4366 1.2999* 0.0005 

Early Bloom – single 
application of 

0.1 kg ha-1 
0.2831 0.9678* 0.0021 

Non-treated Control -0.0437 -0.0354 ____ 

    
Contrast P-value 

Modified Early Bloom –  
rates combined vs. Non-treated Control** <0.0001 

Early Bloom –  
rates combined vs. Non-treated Control** 0.0001 

Modified Early Bloom –  
rates combined vs. Early Bloom –  

rates combined 0.0954 
zData are pooled over years.  
*Denotes significance from the Non-treated Control at p < 0.05. 
**Denotes significance between MC application strategies at p < 0.05. 
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Table 3.5.  Fifth of five dates for contrast analyses of the effects of mepiquat chloride (MC) application strategy 
and rate on the regression slope of photosynthetically active radiation interception versus canopy closure as 
measured digitally at an average of 98 days after planting.z 

 

MC treatment Adjusted R2 value Slope value P value 

Modified Early Bloom 
– two applications of  

0.025 kg ha-1 
0.5003 0.4898* 0.0165 

Modified Early Bloom 
– two applications of  

0.05 kg ha-1 
0.0699 0.1826 0.9734 

Early Bloom – single 
application of 
0.05 kg ha-1 

0.1708 0.2092 0.8808 

Early Bloom – single 
application of 

0.1 kg ha-1 
0.3357 0.2177 0.8145 

Non-treated Control 0.2257 0.1868 ____ 

    
Contrast P-value 

Modified Early Bloom –  
rates combined vs. Non-treated Control 0.1770 

Early Bloom –  
rates combined vs. Non-treated Control 0.8240 

Modified Early Bloom –  
rates combined vs. Early Bloom –  

rates combined 0.1919 
zData are pooled over years.  
*Denotes significance from the Non-treated Control at p < 0.05. 
**Denotes significance between MC application strategies at p < 0.05. 
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Figure 3.1. Regression of Light Quantum Sensor and Overhead Digital Imagery 
Measurements of Canopy Closure.z 
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zData are pooled over years, evaluation dates, and treatments.  R-square values for 
individual treatments, observed over both years and all evaluation dates, ranged from 
0.8284 to 0.8515. 
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Abstract 

Collins, Guy D. The Effects of Mepiquat Chloride Applied to Cotton at Physiological 

Cutout (Under the direction of Dr. Keith Edmisten). 

 

Mepiquat chloride (MC), a plant growth regulator, is commonly used to manipulate 

growth and maturity of cotton.  Most MC is applied during the pre-bloom period, at first 

bloom, or soon thereafter.  However, there have been claims that late-season or cutout 

MC applications can increase yields and improve defoliation possibly through enhancing 

leaf maturity and reducing regrowth.  Experiments were conducted during 2007 and 2008 

to investigate the effects of MC applied at early bloom versus cutout (nodes above white 

bloom = 3 to 4) on growth, defoliation, regrowth potential, and lint yield of cotton.  

Treatments consisted of a factorial arrangement of three MC rates {0, 0.05, and 0.1 kg ai 

ha-1} applied at early bloom and two MC rates {0 and 0.05 kg ha-1} applied at 

physiological cutout.  Mepiquat chloride applied at early bloom reduced plant height and 

had variable effects on other growth characteristics.  In one year, MC applied at early 

bloom increased terminal regrowth and reduced basal regrowth but had no effect on basal 

regrowth-to-height ratio.  Fiber length increased as early bloom MC rate increased, and 

uniformity index increased when the 0.05 kg ha-1 rate was used and decreased when the 

0.1 kg ha-1 rate was used.  Neither rate had any effect on lint percentage, micronaire, fiber 

strength, or lint yield.  In both years, cutout applications of MC had no effect on plant  
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height, nearly all growth characteristics, crop maturity, defoliation, regrowth potential, 

yield, or fiber quality.  Results from this experiment suggest that plant modifications 

resulting from MC occur when applications are made earlier in the season and that MC 

applied at cutout offers little or no advantage in plant management.  

 

Introduction 

Cotton production in the northern regions of the cotton belt requires a short-season 

management system due to the lack of adequate heat units required to sustain a full-

season management system.  One way that cotton growth can be manipulated to meet 

management demands in short-season environments is through the use of plant growth 

regulators.  Plant growth regulators containing mepiquat chloride {MC} (N,N-dimethyl 

piperidinium chloride) or mepiquat pentaborate (N,N-dimethyl piperidinium pentaborate) 

are commonly used to manipulate growth and maturity of cotton.   

 

Plant growth regulators containing MC hinder cell elongation (Cordell et al., 2005; Hake 

et al., 1991) and expansion by inhibiting gibberellins synthesis (Hake et al., 1991), 

hormones that promote stem elongation (Behringer et al. 1990).  Research across the 

cotton belt has indicated that MC often reduces plant height (Johnson and Pettigrew, 

2006; Nichols et al. 2003; Nuti et al. 2006; O’berry et al. 2009; Pettigrew and Johnson,  
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2005; Reddy et al. 1992; Ritchie et al. 2008; Siebert and Stewart, 2006; York, 1983a), 

number of nodes (Jost and Dollar, 2004; Nichols et al. 2003; Nuti et al. 2006; Reddy et 

al. 1992; Siebert and Stewart, 2006), height-to-node ratio (Johnson and Pettigrew, 2006; 

Nichols et al. 2003; O’berry et al. 2009), internode length (Nuti et al. 2006; Reddy et al. 

1992), nodes above white flower (NAWF) (Johnson and Pettigrew, 2006; O’berry et al. 

2009; Pettigrew and Johnson, 2005), and days required to reach cutout (NAWF=5) (Craig 

and Gwathmey, 2005) while increasing flower production during the early part of the 

season (Pettigrew and Johnson, 2005) and the proportion of fruit retained on lower 

branches (Nuti et al. 2006; Prince et al., 2000).  The improved retention of bolls at lower 

fruiting sites on the plant can promote early maturity (Nuti et al. 2006) and is thought to 

be a result of improvements in light penetration to lower leaves in the canopy (Hake et al. 

1991) and/or by diverting carbohydrates towards boll development as opposed to 

vegetative structures (Edmisten, 2009b; Hake et al. 1991).  O’berry et al. (2009) noted 

that improvements in earliness and maturity due to MC application may allow for an 

earlier harvest before the onset of unfavorable late-season weather conditions.   

 

Other advantages may include improved insect management (Edmisten, 2009b), reduced 

incidences of boll rot diseases (Edmisten, 2009b; Jost and Dollar, 2004), improved 

harvest efficiency (Jost and Dollar, 2004) due to shorter, more uniform plants, and 

potentially increased yields (Edmisten, 2009b; Jost and Dollar, 2004).  Yield response to  
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MC has been inconsistent.  Some researchers have reported yield increases due to MC 

application in some years or environments (Coccaro et al. 2004; Elbehar et al. 1996; 

Elbehar and Welch, 1996; Nichols et al. 2003; Siebert and Stewart, 2006; York, 1983a; 

York, 1983b) while others have reported no yield response (Craig and Gwathmey, 2005; 

Edmisten, 1994; Prince et al., 2000) or yield losses due to MC (O’berry et al. 2009; York, 

1983a).    

 

The optimal MC application rate or strategy is variable among environments, regions, or 

agronomic systems.  Environmental conditions that would likely result in excessive 

vegetative growth, and thus a favorable response to MC application, include late-planted 

cotton, high plant populations, excessive nitrogen or soil moisture (Edmisten 2009b; 

O’berry et al. 2009), and/or the utilization of late-maturing varieties (Edmisten 2009b).  

York (1983b) found that mepiquat can offset the unfavorable effects of high plant 

populations, especially in conditions that promote rank growth or delayed maturity.  

Nichols et al. (2003) suggested that applications targeted at the pin-head square stage and 

again two weeks later controlled growth well.  Craig and Gwathmey (2005) found that 

low and high rate multiple application strategies reduced plant height more than near-

bloom applications.  O’berry et al. (2009) suggested that aggressive MC application 

strategies (high rates and early applications) may be suitable for cotton that is prone to 

excessive vegetative growth, however these strategies could also be overly aggressive  
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when utilized in some environments, potentially causing yield reductions.  Edmisten 

(1994) found that a low rate multiple plant monitoring approach, one that considered 

growth characteristics when determining MC rate or necessity, recognized changes in 

plant growth and required lower application rates than the standard low rate multiple 

strategy.  However, the author also found that a plant monitoring approach for the early 

bloom strategy was too aggressive and required higher application rates than the standard 

early bloom strategy.  Coccaro et al. (2004) found that greatest yields were attained for 

cotton grown on a mixed soil when MC was applied at the onset of the bloom period and 

again at two weeks later.   

 

In North Carolina, it is generally recommended that MC be applied during the pre-bloom 

period to soon after the bloom period begins (Edmisten 2009b) to guide the plant into the 

bloom stage to the point where boll load can inhibit or control terminal growth; rarely is 

it recommended that MC be applied late into the bloom period (Edmisten, 2009 personal 

communication).  However, there has been some recent inquiry and interest in applying 

MC at cutout (Cordell et al. 2005).  Cutout is generally is defined when NAWF is equal 

to five, and it is the signal that the flowering or boll loading period has terminated 

(Bourland et al. 2001; Guthrie et al. 1993), or physiological maturity of the plant has been 

reached.  This stage is generally the point where the demands of the boll load causes 

terminal growth to end (Guthrie et al. 1993) or to be temporarily suspended.  Pettigrew  
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(1997) suggested that the reduction in photosynthetic activity associated with the cutout 

stage could be a result of nitrogen remobilization in leaves toward seed development 

within the bolls.  It is therefore plausible to assume that additional MC applications at this 

stage would not be warranted due to this cessation of vegetative growth associated with 

cutout.  However, there have been claims that MC applied late in the season can further 

enhance boll maturity and potentially increase yield, promote rapid leaf maturity which 

could facilitate defoliation, and possibly inhibit or reduce re-growth potential (Edmisten, 

2009 personal communication).  Some researchers have reported that greatest yield of 

Pima cotton was achieved through MC applied sequentially at mid- to late-bloom (Munk 

et al., 1998) while researchers in other regions of the cotton belt found that late-season 

applications had no positive effect on lint yield (Cordell et al. 2005).  This inconsistency 

warrants the investigation of the effects of MC applied at cutout in North Carolina.  The 

objective of this experiment was to investigate and contrast the effects of MC applied at 

early bloom and cutout on defoliation, re-growth, lint yield, and fiber quality of cotton.   

 

Materials and Methods 

Experiments were conducted during 2007 and 2008 on a Norfolk fine sandy loam soil 

(fine-loamy, kaolinitic, thermic, Typic Kandiudult) at an on-farm site in Duplin County 

near Beulaville, NC.  ST 6611B2RF® and DP 164 B2RF®, both late-maturing cultivars, 

were planted at a rate of 13.1 seeds m-1 on 2 May 2007 and 6 May 2008, respectively,  
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using a two-row vacuum planter.  Plots contained four rows 12.2 m long and spaced 0.97 

m apart.  Treatments consisted of a factorial arrangement of three MC rates {0, 0.05, and 

0.1 kg a.i. ha-1} applied at early bloom (5 to 6 white blooms per 7.6 m of row or at plant 

heights of 75 to 85 cm if blooming was not yet initiated) and two MC rates {0 and 0.05 

kg ha-1} applied at physiological cutout {3 to 4.5 NAWF and no earlier than three weeks 

of bloom period}.  Treatments were arranged in a randomized complete block design 

containing four replications.  All other production and pest management practices were 

conducted according to the North Carolina Cooperative Extension recommendations for 

that region (Bacheler, 2009; Crozier, 2009; Edmisten, 2009a; Koenning, 2009; York and 

Culpepper, 2009). 

 

The early bloom treatments received MC (Mepex®, Nufarm Americas Inc., Burr Ridge 

IL.) at the respective rates on 27 June 2007 and on 1 July 2008 when plant height, total 

nodes, and uppermost fully expanded internode length (distance between fourth and fifth 

true leaf from the top of the plant) were 84 cm, 12, and 8 cm respectively in 2007, and 75 

cm, 14, and 4.1 cm respectively in 2008.  The cutout applications of MC were made on 

26 July 2007 for treatments receiving early bloom applications, 7 August 2007 for 

treatments receiving no early bloom MC, and 28 July 2008 for all treatments.  Cutout 

applications were delivered when NAWF reached 4.2, 4.6, and 4.1 for early bloom 

treatments receiving 0, 0.05, and 0.1 kg ha-1, respectively, in 2007, and 4.5, 3.5, and 3.1 

for early bloom treatments receiving 0, 0.05, and 0.1 kg ha-1, respectively, in 2008.   
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Mepiquat chloride was applied using a CO2-pressurized backpack sprayer calibrated to 

deliver 140 L ha-1 using TeeJet® XR110-02 flat-fan nozzles (TeeJet Technologies, 

Wheaton, IL).  Plant heights, nodes, and uppermost fully expanded internode length were 

recorded for six plants in the center two rows of each plot on the day of early bloom 

application.  Plant height, number of nodes, and NAWF were recorded for six plants in 

the center two rows of each plot on the day of cutout application.  Plant height, number of 

total nodes and sympodial nodes, and mapping of fruit in all node zones were collected 

for six plants per plot on 1 October 2007 and on 24 September 2008. 

 

A standard mixture of tribufos (S,S,S-tributyl phosphorotrithioate; Def®, Bayer Crop 

Science, Research Triangle Park N.C.) at 0.42 kg a.i. ha-1, ethephon (2-chloroethyl 

phosphonic acid; Prep®, Bayer Crop Science, Research Triangle Park N.C.) at 1.68  

kg a.i. ha-1, and thidiazuron (N-phenyl-N’-1,2,3-thiadiazol-5-ylurea; Dropp® SC, Bayer 

Crop Science, Research Triangle Park N.C.)  at 0.086 kg a.i. ha-1, was used in 2007 to 

defoliate cotton.  A mixture of ethephon plus cyclanilide {2-chloroethyl phosphonic acid 

plus 1-(2,4-dichlorophenylaminocarbonyl)-cyclopropane carboxylic acid; Finish 6 Pro®, 

Bayer Crop Science, Research Triangle Park N.C.} at 1.75 L ha-1 (1.26 kg ha-1 ethephon 

and 0.079 kg a.i. ha-1cyclanilide), thidiazuron plus diuron {N-phenyl-N’-1,2,3-thiadiazol-

5-ylurea plus 3-(3,4-dichlorophenyl)-1,1-dimethylurea; Ginstar®, Bayer Crop Science, 

Research Triangle Park, N.C.) at 0.73 L ha-1 (0.088 kg ha-1 thidiazuron and 0.044 kg a.i.  
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ha-1 diuron), ethephon (2-chloroethyl phosphonic acid; Prep®, Bayer Crop Science, 

Research Triangle Park N.C.) at 1.68 kg ha-1, thidiazuron (N-phenyl-N’-1,2,3-thiadiazol- 

5-ylurea; Dropp® SC, Bayer Crop Science, Research Triangle Park N.C.) at 0.086 kg ha-1, 

was used in 2008 to defoliate cotton.  On the day of defoliation, percent open boll counts 

were recorded on a randomly chosen 1-m section of row within each plot, and nodes 

above cracked bolls (nodes between highest first position cracked boll and highest 

harvestable boll) were recorded for six plants per plot.  Defoliants were applied using the 

same sprayer used for MC application.  Percent defoliation and dessication was recorded 

at 7 and 14 days after treatment.  Juvenile growth, or regrowth, was collected from six 

plants in the center two rows of each plot at approximately 20 days after defoliation. 

Regrowth was separated as either terminal or basal regrowth and was oven-dried for 48 

hours at 32.2 °C.  Terminal regrowth included regrowth on the top four nodes of the 

plant, and basal regrowth included all other regrowth on the plant.   

 

The center two rows of each experimental unit were harvested with a two-row spindle 

picker on 12 October 2007 and 17 October 2008.  Seedcotton weights for each plot were 

recorded and sub-samples were collected for high volume instrumentation analysis and 

lint percentage.  Harvest data included lint yield, micronaire, length, length uniformity, 

and strength.   
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Data for maturity parameters, lint yield, and fiber quality parameters were subjected to 

analysis of variance using the general linear model in SAS version 9.1.3 (SAS Institute,  

Cary NC).  Means of significant main effects and interactions were separated using 

Fisher’s Protected LSD at p<0.05. 

 

Results and Discussion 

There were very few interactions between MC applied at early bloom and at cutout, 

therefore main effects are primarily discussed.  Interactions between main effects and 

years were infrequent, and are discussed accordingly.  During each year, there was a 

main effect for MC applied at early bloom on plant height (Table 4.1).  In 2007, plant 

height was reduced 17.1 % by the 0.05 kg ha-1 rate and 23.9 % by the 0.1 kg ha-1 rate.  In 

2008, both rates reduced plant height 9.5 to 14.4 %.  These effects are similar to previous 

findings (Johnson and Pettigrew 2006; Nichols et al. 2003; Nuti et al. 2006; O’berry et al. 

2009; Pettigrew and Johnson, 2005; Reddy et al. 1992; Ritchie et al. 2008; Siebert and 

Stewart, 2006).  In both years, MC at both rates increased sympodial boll retention 11 to 

15.7 % to an optimal level, and the 0.1 kg ha-1 rate reduced the number of sympodial 

nodes 14.6 %.  Mepiquat chloride applied at early bloom at both rates reduced the 

number of nodes per plant 7 to 9%.  In 2007, height-to-node ratio was reduced 1% by the 

0.05 kg ha-1 rate and 1.5% by the 0.1 kg ha-1 rate, while in 2008, only the 0.1 kg ha-1 rate 

reduced height-to-node ratio 8%.  Mepiquat chloride applied at early bloom had no effect 

on the node of first sympodium, and the number of sympodial and total bolls per plant.   
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Similar to the findings of Nuti et al. (2006), MC applied at early bloom increased the 

number of bolls on nodes 8 through 10 23.2 to 32.9 % in 2007 but had no effect in 2008 

(Table 4.2).  This result indicates that MC can promote earlier maturity in some 

environments.  In both years, MC applied at early bloom had no effect on the number of 

bolls in node zones 4 through 7, 11 through 13, and 14 through 16.  There was an 

interaction between MC applied at early bloom and at cutout for the number of bolls on 

nodes 17 through 19 in 2008 (Table 4.3).  Mepiquat chloride applied at both rates at early 

bloom reduced the number of bolls in this node zone, however when these treatments 

were followed by an application at cutout, there was no difference in the number of bolls 

between both early bloom rates and when no early bloom MC was used.  This effect 

suggests that MC applied at cutout, with no prior MC applied, can inhibit fruit formation 

in this upper node zone during the latter portions of the bloom period, possibly avoiding 

delays in maturity in some environments.  

 

Mepiquat chloride applied at early bloom had no effect on percent open bolls, nodes 

above cracked boll, percent defoliation and dessication at 7 days after treatment (DAT) 

and percent defoliation at 14 DAT in both years (Table 4.4).  In 2007, MC applied at 

early bloom had no effect on percent dessication at 14 DAT, but both rates reduced 

percent dessication in 2008.  In 2007, the 0.1 kg ha-1 rate increased terminal regrowth 138 

% and both rates reduced basal regrowth, however MC applied at early bloom had no  
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effect on these parameters in 2008 (Table 4.5).  In both years, MC applied at early bloom 

had no effect on basal regrowth-to-height ratio, a parameter that normalizes even  

distributions of mainstem regrowth with plant height.  During both years, fiber length 

was increased 0.4 and 0.8 % by the 0.05 and the 0.1 kg ha-1 rates, respectively, although 

neither rate had any effect on lint percentage, micronaire, fiber strength, and lint yield 

(Table 4.6).  Uniformity index was highest when the 0.05 kg ha-1 rate was used, and 

lowest when the 0.1 kg ha-1 rate was used. 

 

In both years, MC applied at cutout had no effect on plant height, the number of 

sympodial and total nodes, the node of first sympodia, the number of sympodial and total 

bolls, and sympodial boll retention (Table 4.7) which is often expected of late-season MC 

applications.  Mepiquat chloride applied at cutout increased height-to-node ratio 

increased 2%.  Boll distribution in all node zones, except for nodes 17 through 19 

previously explained by the interaction (Table 4.3), were unaffected by MC applied at 

cutout (Table 4.8).  Mepiquat chloride applied at cutout also had no effect on percent 

open bolls, nodes above cracked boll, and percent defoliation and dessication at 7 and 14 

DAT (Table 4.9).  In both years, terminal regrowth was unaffected by MC applied at 

cutout (Table 4.10).  Basal regrowth was unaffected by the MC applied at cutout in each 

year, although the numerical trend was different between years.  In 2007, basal regrowth 

was reduced by MC applied at cutout at the α=0.1 level but not the 0.05 level.  Mepiquat  
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chloride applied at cutout had no effect on lint percentage, lint yield, and all fiber quality 

parameters (Table 4.11).  The effect on yield is similar to the results of late-season 

mepiquat applications noted by Cordell et al. (2005). 

 

Based upon these results, MC applied at early bloom consistently reduces plant height but 

has variable effects on growth characteristics and fruit distribution.  In one year of this 

study, percent dessication was reduced slightly, although there were no other advantages 

in terms of maturity or preparation for harvest.  Basal regrowth was reduced by MC 

applied at early bloom in one year, although this effect may be due to the reduced plant 

height and the resulting reduction of stalk area when basal regrowth was evenly 

distributed from the top to bottom portions of the plant.  When basal regrowth was 

normalized with plant height, by using the basal regrowth-to-height ratio, there was no 

effect of MC applied at early bloom.  Although yield was unaffected by early bloom 

applications of MC in both years, there was an improvement in fiber length.  Results 

from this experiment also suggested that applying MC at cutout has little to no 

advantageous effects on plant growth, maturity, harvest preparation, or lint yield.   
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Table 4.1.  Effect of mepiquat chloride applied at early bloom on growth characteristics in 2007 and 2008.z 

 
Mepiquat 
chloride 

rate applied at 
early bloom Plant height 

Number of 
sympodial 
nodes per 

plant 
Node of first 
sympodium 

Total number 
of nodes per 

plant 

Number of 
sympodial 

bolls per plant 

Total 
number of 
bolls per 

plant Height-to-node ratio 

Retention of 
sympodial 

bolls 
 2007 2008      2007 2008  

kg ha-1 ___________ % ___________ __________________________________________________________________________ No. _________________________________________________________________ ____ % ____ 
 
0 
 

133.79 a 108.98 a 12.08 a 5.23 19.49 a 8.5  8.71 7.21 a 5.34 a 43.64 b 

0.05 110.92 b 98.65 b 11.13 ab 5.16 18.19 b 8.59 9.05 6.49 b 5.14 ab 48.99 a 

 
0.1 

 
101.83 c 93.23 b 10.32 b 5.24 17.81 b 7.96 8.39 6.14 c 4.898 b 51.75 a 

 
LSD 

 
6.497 7.31 1.031 NS 1.143 NS NS 0.2969 2.132 3.788 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
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Table 4.2.  Effect of mepiquat chloride applied at early bloom on boll distribution in 2007 and 2008.z 

 

Mepiquat chloride 
rate applied at early 

bloom 
Number of bolls on 

nodes 4-7 Number of bolls on nodes 8-10 
Number of bolls on 

nodes 11-13 
Number of bolls on 

nodes 14-16 
  2007 2008  

kg ha-1 ________________________________________________________________________ No. _________________________________________________________________________ 

 
0 
 

2.28 1.79 b 3.31 1.92 1.32 

0.05 2.42 2.33 a 3.04 2.16 1.06 

 
0.1 

 
2.22 2.67 a 3.17 1.94 0.76 

 
LSD 

 
NS 0.537 NS NS NS 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters are significantly  
different based on Fisher’s Protected LSD test at α = 0.05. 
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Table 4.3.  Effect of early bloom and cutout mepiquat chloride interaction on the  
number of bolls on nodes 17 through 19 in 2007 and 2008.z 

 
Mepiquat 
chloride 
treatment Number of bolls on nodes 17-19 

 2007 2008 
kg ha-1 ________________________________No.________________________________ 

0 at early bloom 0.25 0.75 a 

0.05 at early 
bloom 0.13 0.25 b 

0.1 at early 
bloom 0.09 0.08 b 

0 at early bloom 
fb  0.05 at 

cutout 
0.46 0.13 b  

0.05 at early 
bloom fb  0.05 

at cutout 
0.21 0.46 ab 

0.1 at early 
bloom fb  0.05 

at cutout 
0 0.34 ab 

LSD NS 0.476 
zMeans within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05. 
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Table 4.4.  Effect of mepiquat chloride applied at early bloom on percent open bolls, nodes above cracked boll, percent defoliation,  
and percent dessication in 2007 and 2008.z 

 
Mepiquat 
chloride 

rate applied at 
early bloom 

Percent open 
bolls 

Nodes above 
cracked boll 

Percent 
defoliation at 

7 DATy 

Percent 
dessication at 

7 DAT 

Percent 
defoliation at 

14 DAT Percent dessication at 14 DAT 
  2007 2008 

kg ha-1 ______ % ______ _____ No. _____ ___________________________________________________ % ___________________________________________________ 
 
0 
 

53.93 4.21 64.69 9.56 89.69 0 4.5 a 

0.05 54.28 3.12 64.25 9.25 92.06 0 1.63 b 

 
0.1 

 
57.79 3.08 67.5 10.69 89.75 0 1.63 b 

 
LSD 

 
NS NS NS NS NS NS 1.7798 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05. 
yDAT denotes days after treatment. 
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Table 4.5.  Effect of mepiquat chloride applied at early bloom on terminal and basal regrowth, and basal regrowth-to-height ratio in  
2007 and 2008.z 

 
Mepiquat chloride 

rate applied at early 
bloom Terminal regrowth Basal regrowth 

Basal regrowth-to-
height ratio 

 2007 2008 2007 2008  
kg ha-1 _____________________________________________________ g per plant ____________________________________________________ _____ No. _____ 

 
0 
 

1.64 b 0 34.88 a 1.98 0.14 

0.05 2.71 ab 0.06 26.25 b 3 0.13 

 
0.1 

 
3.9 a 0 23.39 b 2.35 0.13 

 
LSD 

 
1.432 NS 6.223 NS NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s  
Protected LSD test at α = 0.05. 
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Table 4.6.  Effect of mepiquat chloride applied at early bloom on lint percentage, lint yield, and fiber quality parameters in 2007 and 2008.z 

 

Mepiquat chloride 
rate applied at early 

bloom Lint percentage Lint yield Micronaire Upper half mean Uniformity index Fiber strength 
kg ha-1 ____%____ ____ kg ha-1____ ____Units____ ____cm____ ____%____ ____g tex-1 ____ 

 
0 
 

37.75 1111.28 4.46 2.85 c 82.18 b 29.91 

0.05 38 1275 4.48 2.86 b 82.36 a 30.28 

 
0.1 

 
38.13 1304.13 4.5 2.88 a 81.83 c 29.69 

 
LSD 

 
NS NS NS 0.0097 0.134 NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s  
Protected LSD test at α = 0.05. 
yDAT denotes days after treatment. 
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Table 4.7.  Effect of mepiquat chloride applied at cutout on growth characteristics in 2007 and 2008.z 

 
Mepiquat 
chloride 

rate applied at 
cutout 

Plant height 

Number of 
sympodial 
nodes per 

plant 
Node of first 
sympodium 

Total 
number of 
nodes per 

plant 

Number of 
sympodial 
bolls per 

plant 

Total 
number of 
bolls per 

plant 
Height-to-
node ratio 

Retention of 
sympodial 

bolls 
kg ha-1 ____ cm _____ _________________________________________________ No. _________________________________________________ _____ % _____ 

 
0 
 

108.95 11.31 5.23 18.91 8.49 8.88 5.798 b 48.34 

0.05 106.85 11.04 5.18 18.13 8.21 8.54 5.93 a 47.91 

 
LSD 

 
NS NS NS NS NS NS 0.112 NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s Protected  
LSD test at α = 0.05. 
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Table 4.8.  Effect of mepiquat chloride applied at cutout on boll distribution in 2007 and 2008.z 
 

Mepiquat chloride 
rate applied at cutout 

Number of bolls on 
nodes 4-7 

Number of bolls on 
nodes 8-10 

Number of bolls on 
nodes 11-13 

Number of bolls on 
nodes 14-16 

kg ha-1 ___________________________________________________________ No. ____________________________________________________________ 

 
0 
 

2.36 2.76 2.01 1.09 

0.05 2.26 2.67 2 1.01 

 
LSD 

 
NS NS NS NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05.
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Table 4.9.  Effect of mepiquat chloride applied at cutout on percent open bolls, nodes above cracked boll, and percent  
defoliation in 2007 and 2008.z 

 

Mepiquat chloride 
rate applied at cutout Percent open bolls 

Nodes above 
cracked boll 

Percent 
defoliation at 7 

DATy 

Percent 
dessication at 7 

DAT 

Percent 
defoliation at 14 

DAT 
Percent dessication 

at 14 DAT 
kg ha-1 ______ % ______ _____ No. _____ ______________________________________________ % ________________________________________________ 

 
0 
 

55.36 3.7 65.83 10.13 89.88 1.63 

0.05 55.3 3.29 65.13 9.54 91.13 0.96 

 
LSD 

 
NS NS NS NS NS NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05. 
yDAT denotes days after treatment. 
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Table 4.10.  Effect of mepiquat chloride applied at cutout on terminal and basal regrowth in 2007 and 2008.z 
 

Mepiquat chloride 
rate applied at cutout Terminal regrowth Basal regrowth 

  2007 2008 

kg ha-1 _______________________________________ g per plant _____________________________________ 
 
0 
 

1.19 30.56 1.98 

0.05 1.58 25.78* 2.91 

 
LSD 

 
NS NS NS 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters  
are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
*Denotes significance at α = 0.1. 
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Table 4.11.  Effect of mepiquat chloride applied at cutout on lint percentage, lint yield, and fiber quality parameters in 2007 and 2008.z 
 

Mepiquat chloride 
rate applied at cutout Lint percentage Lint yield Micronaire 

Upper half 
mean 

Uniformity 
index Fiber strength 

kg ha-1 ____%____ ____ kg ha-1____ ____Units____ ____cm____ ____%____ ____g tex-1 ____ 
 

0 
 

38.46 1255.4 4.47 2.85 82.18 29.67 

0.05 37.46 1204.88 4.49 2.87 82.06 30.25 

 
LSD 

 
NS NS NS NS NS NS 

zData are pooled over years.  Means within a column followed by dissimilar letters are significantly different based on Fisher’s  
Protected LSD test at α = 0.05.
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Abstract 

Collins, Guy D. The Effects of Preconditioning Defoliation To Cotton With Dense 

Canopy Foliage (Under the direction of Dr. Keith Edmisten). 

 

Cotton growth characteristics can greatly influence defoliation decisions.  Shorter plants 

with mature leaves and bolls may be less difficult to defoliate in comparison to cotton 

portraying excessive vegetative growth characteristics that may complicate the 

defoliation process.  Cotton grown in high-moisture or high-nitrogen conditions can 

result in tall plants with dense canopy foliage.  The upper canopy leaves can obstruct 

defoliant chemicals from contacting lower canopy leaves, resulting in incomplete 

defoliation and possibly requiring multiple applications.  A possible solution to this 

problem is to precondition cotton for defoliation by applying low rates of defoliants early, 

to promote leave senescence or to remove some upper canopy leaves so that defoliants 

may contact lower leaves once the crop is ready to be defoliated.  Experiments were 

conducted in 2007 and 2008 to investigate the effects of preconditioning defoliation 

treatments in dense-canopy cotton.  Treatments consisted of a non-treated control, a 

standard defoliation treatment with no prior preconditioning treatment, and 

preconditioning treatments consisting of four ethephon rates, two tribufos rates, and in 

2008, two pyraflufen ethyl rates.  All preconditioning treatments were followed by a 

standard defoliation treatment consisting of normal use rates of tribufos plus ethephon 

plus thiadiazuron.  Treatments were arranged in a randomized complete block design  
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containing four replications.  In most circumstances, defoliation was significantly 

improved by preconditioning compared to cotton receiving no preconditioning 

defoliation treatment.  The advantages observed primarily occurred when the higher 

ethephon rates or the herbicidal defoliants (tribufos and pyraflufen ethyl) were used.  

Results suggested that preconditioning cotton for defoliation may promote a timely 

harvest through achieving a more complete defoliation by the time the crop is ready to be 

harvested. 

 

Introduction 

Cotton defoliation is the practice of terminating the crop with the use of harvest-aid 

chemicals to remove foliage, prevent establishment of juvenile vegetative growth, and to 

promote boll opening among other effects (Logan and Gwathmey, 2002; Supak et al., 

2001).  Defoliation can help cotton producers achieve an earlier harvest while avoiding 

discounts in harvested lint due to leaf contamination or discoloration, and it can also aid 

growers with harvest scheduling (Supak et al., 2001).  Decisions regarding the 

termination of a cotton crop involve a complete understanding of the mechanisms that 

influence the outcome of various defoliation chemistries and practices.  Factors, 

including the maturity and condition of the crop, along with prevailing climatic 

conditions, should all be considered when making defoliation decisions (Edmisten, 

2009a).  In North Carolina, it is generally recommended that cotton be defoliated at  
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approximately 60% open bolls (OB) depending upon fruiting characteristics (Edmisten, 

2009a).  Defoliating cotton prematurely has been reported to have adverse effects  

(Brown, 1953; Brown and Hyer, 1956; Larson et al., 2002; Siebert et al., 2006), although 

defoliation could be initiated earlier than 60% OB in situations where fruit are set over a 

short period of time (Edmisten, 2009a; Faircloth et al. 2004a).  Faircloth et al. (2004a) 

suggested that additional time may be required for boll development in cotton that has 

had a prolonged flowering period.  Faircloth et al. (2004b) reported that yields increased 

for cotton containing a fruiting gap when defoliation was delayed beyond 60% OB.  

Shurley and Bednarz (2001) reported that defoliating at 70% OB maximized income over 

two years.  Bednarz et al. (2002) reported that defoliating from 76.5 to 89% OB achieved 

the highest yield and returns in two years of their study.   

 

Cotton portraying characteristics of a prolonged fruiting period and thus likely requiring 

delayed defoliation, may result from excessive vegetative growth or rank growth.  This 

situation may be a result of several factors, including excessive nitrogen and soil moisture 

compounded by adequate heat (Edmisten, 2009b).  Tall, excessively growing plants may 

also have dense foliage which could promote boll rot disease, inhibit boll opening, or 

obstruct the interception of defoliant applications by leaves lower in the canopy (Brown, 

1953).  A crop with these characteristics could potentially require multiple defoliant 

applications in order to achieve adequate defoliation (Edmisten, 2009a).   
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To obtain adequate defoliation by an optimal harvest date, cotton plants could be pre-

conditioned for defoliation.  This practice involves applications of defoliants at low rates, 

prior to the optimal growth stage for standard defoliation, in order to 1.) accelerate leaf  

senescence so that standard defoliation strategies can provide more complete defoliation 

of plants, 2.) remove some of the upper leaves so that standard defoliant mixtures can 

adequately be intercepted by lower canopy leaves for a more complete defoliation of 

plants, and 3.) accelerate boll opening to avoid delays in harvest after the standard 

defoliation is complete.  Pre-conditioning cotton for defoliation (Fromme et al., 2003), 

along with bottom-defoliation strategies (Brown, 1953), have been investigated in other 

regions of the cotton belt using various chemistries.  Several defoliants are commonly 

used in mixtures to promote leaf abscission.  In addition to leaf abscission (Jones, 2001), 

ethephon {2-chloroethyl phosphonic acid} (Prep®, Bayer Crop Science, Research 

Triangle Park N.C.) has also been reported to accelerate boll opening in some cases 

(Gwathmey and Hayes, 1996; Jones, 2001; Logan and Gwathmey, 2002) and increase the 

proportion of lint harvested in a first-harvest (Gwathmey and Hayes, 1996).  Therefore, 

the inclusion of this product may be warranted in pre-conditioning defoliation 

experiments.  The objective of this experiment was to investigate the effects of 

preconditioning defoliant chemistries on cotton with excessive vegetation, in terms of 

defoliation efficacy. 

 

 



 119

 

Materials and Methods 

Experiments were conducted during 2007 on a Norfolk sandy loam (Fine-loamy, 

kaolinitic, thermic, Typic Kandiudults) at Tidewater Agricultural Research and Extension 

Center near Suffolk, VA., and 2007 and 2008 on a Norfolk fine sandy loam soil at an on-

farm site in Duplin County near Beulaville, N.C.  In Virginia, DP 454 BGRR® was  

planted at a rate of 13.1 seeds meter-1 on 25 April 2007.  In North Carolina, ST 

6611B2RF® and DP 164 B2RF®, medium- to late-maturing cultivars, were planted at a 

rate of 13.1 seeds meter-1 on 2 May 2007 and 6 May 2008 respectively, using a two-row 

vacuum planter.  Plots consisted of four rows 12.2 m long and spaced 0.97 m apart in 

North Carolina, and 0.91 m apart in Virginia.  Pre-conditioning defoliation treatments 

were targeted at 7 days before the standard defoliant application, and consisted of no-

preconditioning defoliation treatment, four ethephon {2-chloroethyl phosphonic acid} 

(Prep®, Bayer Crop Science, Research Triangle Park N.C.) rates {0.28, 0.56, 0.84, and 

1.12 kg a.i. ha-1}, two tribufos {S,S,S-tributyl phosphorotrithioate} (Def®, Bayer Crop 

Science, Research Triangle Park N.C.) rates {0.21 and 0.42 kg a.i. ha-1}, and a non-

treated control.  In 2008, two additional treatments were included, consisting of 

pyraflufen ethyl {ethyl 2-chloro-5-(4-chloro-5-difluoromethoxy-1-methyl-1-H-pyrazol-3-

yl)-4-fluorophenoxyacetate}(ET®, Nichino America Inc. Japan) at two rates {0.0018 and 

0.0038 kg a.i. ha-1}.  All treatments, except the non-treated control, were followed by a 

standard defoliation treatment consisting of tribufos at 0.21 kg ha-1 plus ethephon at 1.12  
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kg ha-1 plus thidiazuron {N-phenyl-N’-1,2,3-thiadiazol-5-ylurea}(Dropp® SC, Bayer 

Crop Science, Research Triangle Park N.C.) at 0.086 kg a.i. ha-1 7 days after 

preconditioning treatments were applied.  All other production and pest management 

practices were conducted according to the North Carolina Cooperative Extension 

recommendations for that region (Bacheler, 2009; Crozier, 2009; Edmisten, 2009; 

Koenning, 2009; York and Culpepper, 2009). 

 

Preconditioning chemicals and defoliants were applied using a CO2-pressurized backpack 

sprayer, calibrated to deliver 140 L ha-1 using TeeJet® XR110-02 flat-fan nozzles (TeeJet 

Technologies, Wheaton, IL).  Preconditioning treatments were applied on 20 September 

2007 in Virginia, 7 September 2007 in North Carolina, and 17 September 2008 in North 

Carolina when percent OB and nodes above cracked boll (NACB, nodes between highest 

first position cracked boll and highest harvestable boll) reached 44% and 1.2 in Virginia 

and 56% and 1.3 in North Carolina in 2007, and 42% and 6, respectively, in North 

Carolina in 2008.  The standard defoliant combination was applied on 28 September 2007 

(Virginia), 14 September 2007 (North Carolina), and 23 September 2008 (North 

Carolina) when percent OB and NACB reached 83% and 1.8 (Virginia), 69% and 1.5 

(North Carolina in 2007), and 59% and 4.2 (North Carolina in 2008).   

 

Visual estimates of percent defoliation and percent desiccation were made on the day of 

standard defoliation treatment and again 7 and 14 days later.  Visual estimates of percent  
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regrowth was made 21 days after standard defoliation treatment.  Percent OB 

measurements were collected on the day of standard defoliation treatment.   

 

The center two rows of each experimental unit were harvested with a two-row spindle 

picker on 15 October 2007 (Virginia), 12 October 2007 (North Carolina), and 17 October 

2008 (North Carolina).  Seedcotton weights for each plot were recorded and sub-samples 

were collected for high volume instrumentation analysis and lint percentage.  Data  

included lint yield, micronaire, fiber length, fiber length uniformity, and fiber strength.  

All data were subjected to analysis of variance using the general linear model in SAS 

version 9.1.3 (SAS Institute, Cary NC).  Means were separated using Fisher’s Protected 

LSD at p<0.05. 

 

Results and Discussion 

Interactions between preconditioning treatments and locations were observed for some 

parameters and are discussed accordingly.  During both years in North Carolina, percent 

defoliation on the day of the standard defoliation treatment was naturally least for the 

non-treated control and the no-preconditioning treatment (Table 5.1).  However, the two 

lowest ethephon rates (0.28 and 0.56 kg ha-1) and the low tribufos rate (0.21 kg ha-1) 

resulted in similar percent defoliation to the non-treated control.  The two highest 

ethephon rates (0.84 and 1.12 kg ha-1) and the high tribufos rate (0.42 kg ha-1) increased  
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defoliation when compared to the non-treated control and the no-preconditioning 

treatment.  In Virginia during 2007, both tribufos rates resulted in the highest values for 

percent defoliation on the day of the standard defoliation treatment compared to all other 

treatments.  In addition, only the highest ethephon rate (1.12 kg ha-1) significantly 

improved percent defoliation compared to the non-treated control and the no-

preconditioning treatment.  In Virginia during 2007 and NC during 2008, tribufos at both 

rates caused some leaf desiccation.  Similar effects were observed in North Carolina  

during 2007, although tribufos at 0.42 kg ha-1 caused greater desiccation than the lower 

rate.   

 

In Virginia, tribufos at 0.42 kg ha-1 as a preconditioner caused greater defoliation 7 days 

after the standard defoliation treatment than other treatments except for tribufos at 0.21 

kg ha-1 (Table 5.2).  Tribufos at both rates and ethephon at 1.12 kg ha-1 improved  

defoliation compared with the two lowest ethephon rates, the non-treated control, and the 

no-preconditioning treatment.  In North Carolina during 2007, only ethephon at the 

highest rate and tribufos at both rates improved defoliation over the no-preconditioning 

treatment.  All preconditioning treatments in North Carolina in 2008 improved 

defoliation.  In all site-years, all treatments resulted in greater defoliation than the non-

treated control.  Percent desiccation at 7 days after the standard defoliation treatment was 

not affected by any pre-conditioning treatment.   
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At all locations, preconditioning applications of ethephon at the two higher rates and 

tribufos at both rates increased defoliation at 14 days after the standard defoliation 

treatment compared to the no-preconditioning treatment (Table 5.3).  All treatments, 

including the no-preconditioning treatment, increased percent defoliation when compared 

to the non-treated control.  Percent desiccation at 14 days after the standard defoliation 

treatment was not affected by any preconditioning treatment.  Percent regrowth was not 

affected by any preconditioning treatment in Virginia during 2007 or North Carolina  

during 2008, however all treatments, including the no-preconditioning treatment, reduced 

regrowth compared to the non-treated control in North Carolina during 2007. 

 

Preconditioning treatments had no effect on micronaire, fiber length, and fiber strength at 

any location (data not shown).  However, fiber uniformity was influenced by 

preconditioning treatment in all site-years.  Tribufos at both rates and ethephon at 1.12 kg 

ha-1 increased uniformity compared to ethephon at 0.28 kg ha-1) and the non-treated 

control, but these treatments did not differ from the no-preconditioning treatment (Table 

5.4).   

 

Two additional treatments (0.0018 and 0.0038 kg ha-1 pyraflufen ethyl) were included in 

the 2008 experiment.  Table 5.5 illustrates the effects of all preconditioning defoliation 

treatments in that year.  Preconditioning treatments had no effect on percent defoliation 

on the day of the standard defoliation treatment (data not shown).  However, tribufos at  
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both rates and pyraflufen ethyl at both rates caused some desiccation on the day of 

standard defoliant application.  In general, greater desiccation was noted with pyraflufen 

ethly than with tribufos.  Percent defoliation at 7 days after the standard treatment was 

improved by all preconditioning treatments compared to the no-preconditioning treatment 

and the non-treated control.  In addition, pyraflufen ethyl at 0.0038 kg ha-1 increased  

defoliation compared to tribufos at  0.21 kg  ha-1.  All preconditioning treatments, and the 

non-treated control, had less desiccation at 7 days after the standard treatment compared  

to the no-preconditioning treatment.  Pyraflufen ethyl at 0.0038 kg ha-1 gave greater 

defoliation at 14 days after the standard treatment only when compared to lowest 

ethephon rate (0.28 kg ha-1) and the no-preconditioning treatment.  Percent desiccation at 

14 days after the standard treatment was not affected by any preconditioning treatment in 

2008 (data not shown).  The inclusion of pyraflufen ethyl treatments in this year had no 

additional effect on regrowth, lint yield, or any fiber quality parameter (data not shown).  

Preconditioning treatments had no effect on lint yield, lint percentage, percent open bolls 

on the day of standard defoliation, or nodes above cracked boll in any year (data not 

shown). 

 

Although boll opening was not necessarily influenced by preconditioning treatments, 

these results suggests that chemically preconditioning cotton for defoliation may improve 

the overall defoliation program and may promote a more timely harvest through  
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achieving a more complete defoliation by the time the crop is ready to be harvested, and 

possibly inhibiting regrowth.  In most circumstances, defoliation was significantly 

improved by preconditioning when compared to cotton receiving only the standard 

defoliant application.  These advantages were primarily observed when the higher 

ethephon rates or the herbicidal defoliants (tribufos and pyraflufen ethyl) were used.  The 

improvement in overall defoliation, due to preconditioning, is likely due to the removal 

of some upper leaves which opened the canopy so that the standard defoliation treatment 

could effectively remove all other lower leaves, as was previously suggested by Brown  

(1953).  Preconditioning treatments are likely more effective when dense canopies and 

tall plants are prevalent.  The North Carolina locations exhibited an extremely aggressive 

growth habit, resulting in a very dense canopy, which may have contributed to these 

results.  Future research efforts should involve similar experiments that include different 

chemistries and multiple defoliation timings to validate these results. 
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Table 5.1. Effects of preconditioning defoliation treatment on percent defoliation and 
percent desiccation on the day of standard defoliation application in 2007 and 2008.z 
 
Preconditioning 

defoliation 
treatmenty Percent defoliation Percent desiccation 

 North Carolina 
2007 and 2008 Virginia 2007 

Virginia 2007 
and North 

Carolina 2008 

North 
Carolina 

2007 

 ________________________________________ % _____________________________________ 

Non-treated 
control 1 c 38.75 d 0 b 0 c 

No 
Preconditioning  0.75 c 47.5 cd 0 b 0 c 

0.28 kg ha-1 
ethephon 4.13 bc 55 bc 0 b 0 c 

0.56 kg ha-1 
ethephon 5.63 abc 51.25 bc 0 b 0 c 

0.84 kg ha-1  
ethephon 7.88 ab 48.75 c 0 b 0 c 

1.12 kg ha-1 
ethephon 12.25 a 60.75 b 0 b 0 c 

0.21 kg ha-1  
tribufos 6.75 abc 71.75 a 5.25 a 5.75 b 

0.42 kg ha-1  
tribufos 11.25 a 75.25 a 7.5 a 9.75 a 

LSD 6.808 9.998 2.641 2.064 
zMeans within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05.   
yAll preconditioning defoliation treatments, except for the non-treated control, were 
followed by a standard defoliation treatment consisting of 0.21 kg ha-1 tribufos, 1.12 kg 
ha-1 ethephon, and 0.086 kg ha-1 thidiazuron, 7 days later. 
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Table 5.2. Effects of preconditioning defoliation treatment on percent defoliation and 
percent desiccation at 7 days after the standard defoliation application or 14 days after 
preconditioning defoliation treatment in 2007 and 2008.z 
 

Preconditioning 
defoliation 
Treatmenty Percent defoliation 

Percent 
desiccation 

 
Virginia 2007 

North Carolina 
2007 

North Carolina 
2008 

All 
Locations 

 ________________________________________ % _____________________________________

Non-treated 
control 62.5 f 7.5 c 0 d 0  

No 
Preconditioning  71.75 e 66.25 b 71.25 c 3.25 

0.28 kg ha-1 
ethephon 78.25 d 77 ab 81.25 b 0.58 

0.56 kg ha-1 
ethephon 79.25 cd 76.5 ab 86.25 b 0.25 

0.84 kg ha-1  
ethephon 85.25 bc 75.75 ab 96 a 0.42 

1.12 kg ha-1 
ethephon 85.75 b 80.75 a 89.25 ab 0.58 

0.21 kg ha-1  
tribufos 86.5 ab 77.75 a 82.5 b 0.25 

0.42 kg ha-1  
tribufos 92.75 a 85 a 86.25 b 0.83 

LSD 6.315 10.931 9.063 NS 
zMeans within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05.   
yAll preconditioning defoliation treatments, except for the non-treated control, were 
followed by a standard defoliation treatment consisting of 0.21 kg ha-1 tribufos, 1.12 kg 
ha-1 ethephon, and 0.086 kg ha-1 thidiazuron, 7 days later. 
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Table 5.3. Effects of preconditioning defoliation treatment on percent defoliation and 
percent desiccation at 14 days after the standard defoliation application or 21 days after 
preconditioning defoliation treatment, and percent regrowth in 2007 and 2008.z 

 
Preconditioning 

defoliation 
treatmenty 

Percent 
defoliation 

Percent 
desiccation Percent regrowth 

 
All Locations 

Virginia 2007 
and North 

Carolina 2008 

North 
Carolina 

2007 

 ________________________________________ % _____________________________________ 

Non-treated 
control 0 c 0 7.38 67.5 a 

No 
Preconditioning  87 b 3.63 11.13 38.75 bc 

0.28 kg ha-1 
ethephon 92.38 ab 2 10.13 41.25 bc 

0.56 kg ha-1 
ethephon 92.75 ab 2.13 7.38 43.75 bc 

0.84 kg ha-1  
ethephon 94.5 a 1.63 8 47.5 b 

1.12 kg ha-1 
ethephon 94.63 a 1.38 8.38 41.25 bc 

0.21 kg ha-1  
tribufos 94.75 a 1 9.88 32.5 c 

0.42 kg ha-1  
tribufos 95.63 a 0.13 12.38 33.75 c 

LSD 6.79 NS NS 11.42 
zMeans within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05.   
yAll preconditioning defoliation treatments, except for the non-treated control, were 
followed by a standard defoliation treatment consisting of 0.21 kg ha-1 tribufos, 1.12 kg 
ha-1 ethephon, and 0.086 kg ha-1 thidiazuron, 7 days later. 
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Table 5.4. Effects of preconditioning defoliation treatment on fiber uniformity in 2007 
and 2008.z 

 
Preconditioning 

defoliation treatmenty Fiber uniformity 

 All Locations 

 ____________________________ % __________________________ 

Non-treated Control 82.36 cd 

No Preconditioning  82.9 abc 

0.28 kg ha-1 ethephon 82.21 d 

0.56 kg ha-1 ethephon 82.45 bcd 

0.84 kg ha-1  ethephon 82.73 a-d 

1.12 kg ha-1 ethephon 82.97 ab 

0.21 kg ha-1  tribufos 83.08 a 

0.42 kg ha-1  tribufos 83.19 a 

LSD 0.602 
zMeans within a column followed by dissimilar letters are significantly different  
based on Fisher’s Protected LSD test at α = 0.05.   
yAll preconditioning defoliation treatments, except for the non-treated control,  
were followed by a standard defoliation treatment consisting of 0.21 kg ha-1  
tribufos, 1.12 kg ha-1 ethephon, and 0.086 kg ha-1 thidiazuron, 7 days later. 
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Table 5.5. Effects of preconditioning defoliation treatment on percent desiccation on the day of standard 
defoliation application, and at 7 days after the standard defoliation application, and percent defoliation at 14 
days after the standard defoliation application in 2008 with two additional treatments of pyraflufen ethyl.z 

 

Preconditioning 
defoliation 
treatmenty 

Percent desiccation 
on day of standard 

defoliation 
treatment 

Percent 
defoliation at 7 

days after standard 
defoliation 
treatment 

Percent 
desiccation at 7 

days after standard 
defoliation 
treatment 

Percent 
defoliation at 14 

days after 
standard 

defoliation 
treatment 

 _____________________________________________ % __________________________________________ 

Non-treated 
control  0 c 0 e 0 b 0 d 

No 
Preconditioning  0 c 71.25 d 4.25 a 81.25 c 

0.28 kg ha-1 
ethephon 0 c 81.25 c 0.5 b 89 b 

0.56 kg ha-1 
ethephon 0 c 86.25 bc 0 b 91.25 ab 

0.84 kg ha-1  
ethephon 0 c 96 a 0 b 94.75 ab 

1.12 kg ha-1 
ethephon 0 c 89.25 abc 0 b 93.5 ab 

0.21 kg ha-1  
tribufos 4.75 b 82.5 c 0 b 93.25 ab 

0.42 kg ha-1  
tribufos 5.25 ab 86.25 bc 0 b 92 ab 

0.0018 kg ha-1 
pyraflufen ethyl 7 ab 89.25 abc 1.5 b 94 ab 

0.0038 kg ha-1 
pyraflufen ethyl 7.5 a 94.5 ab 0 b 98.25 a 

LSD 2.595 8.346 2.196 7.222 
zMeans within a column followed by dissimilar letters are significantly different based on Fisher’s 
Protected LSD test at α = 0.05.   
yAll preconditioning defoliation treatments, except for the non-treated control, were followed by a standard 
defoliation treatment consisting of 0.21 kg ha-1 tribufos, 1.12 kg ha-1 ethephon, and 0.086 kg ha-1 

thidiazuron, 7 days later.  
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Abstract 

Collins, Guy D. The Effects of Ethephon Rate and Defoliation Timing On Harvest Date, 

Lint Yield, and Fiber Quality of Cotton (Under the direction of Dr. Keith Edmisten). 

 

Cotton defoliation is a common practice used to remove leaves from plants and open 

bolls in preparation for harvest.  Achieving an early harvest through defoliation is 

important, therefore decisions regarding defoliation timing and chemistries to be used can 

be difficult.  Previous research in North Carolina has shown that compact fruiting cotton 

can be defoliated early, although optimal yields were achieved when harvest was delayed 

to approximately four weeks after defoliation.  The use of ethephon in defoliant mixtures 

promotes rapid boll opening, therefore it is plausible that increasing ethephon rate could 

allow cotton to be defoliated early while achieving an optimal early harvest.  Experiments 

were conducted in North Carolina during 2006, 2007, and 2008 to investigate the effects 

of ethephon rate, defoliation timing, and harvest timing on lint yield and fiber quality of 

cotton.  Treatments consisted of two fruiting patterns achieved through the use of 

mepiquat chloride (MC), each defoliated at two targeted percent open bolls (OB) 

maturity stages using one of three ethephon rates, and two harvest timings.  Results 

suggested that high ethephon rates may improve lint yields is some situations, especially 

when MC-treated cotton is defoliated early.  In addition, ethephon in defoliant mixtures 

may allow cotton to be defoliated earlier without compromising yield.  In this  
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experiment, ethephon was also found to reduce micronaire and improve defoliation.  The 

impact of ethephon rate on harvest timing was unclear in terms of yield.  Defoliation and 

harvest timing also had significant effects on fiber quality parameters.  

 

Introduction 

Defoliation of cotton is a widely implemented practice across the cotton belt.  This 

practice involves the use of harvest-aid chemicals to terminate growth of plants in 

preparation of harvest.  These chemicals can remove leaves from the plant, promote boll 

opening, and inhibit regrowth (Larson and Gwathmey, 2002; Patterson and Smith, 2001).  

Defoliation can offer several benefits to producers including reducing percentage of leaf 

material in harvested lint, reduce or prevent lint discoloration (Edmisten, 2009a; Supak et 

al., 2001), facilitate harvest,  inhibit the development of boll rot diseases, and reverse 

lodging of plants (Edmisten, 2009a).   

 

Decisions, regarding when to begin defoliating, can be complicated and complex.  

Defoliation should be initiated at a point in time that balances the risks of losses resulting 

from exposure to weather and the potential for additional development in harvestable 

fruit (Hake et al., 1990) or yield gains (Faircloth et al., 2004a).  Other important 

considerations include the likely harvest date and weather conditions (Edmisten, 2009a), 

including conditions at defoliation and thereafter, until harvest is complete.  Undesirable 

effects of premature defoliation have been documented (Larson et al., 2002; Siebert et al.,  
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2006), however, the risks of yield or quality loss due to weather exposure increase when 

defoliation is delayed (Faircloth et al., 2004a; Kelley et al. 1999).  Bednarz et al. (2002) 

reported that highest yields were achieved by defoliating at 76.5 to 89% OB in two years 

of their study, although Siebert and Stewart (2006) reported fiber quality reductions 

resulting from defoliating beyond 75% OB.   

 

Several techniques that aid growers in properly timing defoliation, have been used, 

discussed, or evaluated, including the percent OB method (Bednarz et al., 2002; Bynum 

and Cothren, 2008; Faircloth et al., 2004a; 2004b; Shurley and Bednarz, 2001; Siebert 

and Stewart, 2006; Smith et al., 1986), the nodes above cracked boll (NACB) method 

(Bynum and Cothren, 2008; Faircloth et al., 2004a; 2004b; Siebert and Stewart, 2006), 

the cutting bolls method (Edmisten, 2009a; Hake et al., 1990), and the heat unit 

accumulated beyond physiological cutout method (Benson et al., 2000; Bynum and 

Cothren, 2008; Fromme et al., 2003; Gwathmey et al., 2004; Larson et al., 2002; Larson 

et al., 2005; Siebert and Stewart, 2006; Siebert et al., 2006).  Incompatibility between 

defoliation benchmarks and crop maturity within some of these methods has been 

reported (Bynum and Cothren, 2008; Gwathmey et al., 2004), and each method considers 

various crop characteristics, or is implemented with specific assumptions implied, 

therefore it would reasonable for growers to incorporate multiple methods into 

defoliation timing decisions.    
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In North Carolina, most cotton can be defoliated at 60% OB and/or 3 to 4 NACB 

(Edmisten, 2009a).  However, defoliation could be initiated prior to 60% OB if the 

flowering period is compact (Edmisten, 2009a; Faircloth et al., 2004a), or it could be 

delayed if the flowering period is prolonged (Faircloth et al., 2004a) or if a fruiting gap is 

evident (Faircloth et al., 2004b).  High nitrogen rates, and abundant soil moisture along 

with optimal heat, can cause excessive growth (Edmisten, 2009b) resulting in prolonged 

fruiting, whereas compact fruiting cotton (short flowering period) can result from 

aggressive use of mepiquat chloride (MC), selecting early maturing cultivars, or 

inadequate soil moisture.  These factors must therefore be considered when making 

defoliation decisions, and growers should understand that defoliation timing can be 

adjusted to match growth characteristics.  Siebert and Stewart (2006) reported no adverse 

effects on yield when defoliating an early maturing cultivar at 17 to 40% OB, whereas 

highest yields for a late-maturing cultivar were achieved by defoliating at 42 to 64% OB.  

These authors also suggest that a second harvest may be required to achieve optimal 

yields when cotton is defoliated early.  Collins et al. (2007) reported that optimal yields 

could be achieved in multiple cultivars by defoliating at 50% OB, however these yields 

were only realized when harvest was delayed from approximately two to four weeks after 

defoliation.  Delaying harvest could potentially result in fiber quality losses or reduced 

harvest efficiency due to the likelihood of adverse weather conditions (Larson et al., 

2002).  Rainfall could also promote regrowth (Martin-Duval et al., 1997) if it occurs 

during this period.  Therefore, utilizing practices that could potentially promote an earlier  



 138

 

harvest regardless of defoliation timing, could allow producers to harvest in a timely 

manner and avoid the risks associated with delaying harvest.  The use of the boll-opener, 

ethephon {2-chloroethyl phosphonic acid} (Prep®, Bayer Crop Science, Research 

Triangle Park N.C.), in defoliation mixtures may be one such practice.  Ethephon-

containing products have been reported to increase boll opening (Gwathmey and Hayes, 

1996; Jones, 2001; and Logan and Gwathmey, 2002) and increase first-harvest yields 

(Gwathmey and Hayes, 1996).  Therefore it is reasonable to assume that the use of 

ethephon in defoliation mixtures could promote an earlier harvest.  The objective of this 

research was to determine if increasing ethephon rate in defoliation mixtures could 

further accelerate boll opening, and therefore promote an optimal, early harvest for early 

defoliated cotton. 

 
 

Materials and Methods 

Experiments were conducted during 2006, 2007, and 2008 on a Goldsboro fine sandy 

loam soil (Fine-loamy, siliceous, subactive, thermic, Aquic Paleudult) at the Upper 

Coastal Plains Research Station near Rocky Mount, NC.  A medium maturing cultivar, 

DP 454 BGRR®, was planted at a rate of 11.5 seeds meter-1 of row on 3 May 2006, 13.1 

seeds meter-1 on 14 May 2007, and 14.8 seeds meter-1 on 7 May 2008, using a two-row 

vacuum planter in 2006, and a four-row vacuum planter in 2007 and 2008.  Plots 

contained eight rows 12.2 m long and spaced 0.97 m apart.  Treatments consisted of two 

MC application strategies to create compact and extended fruiting characteristics, each  
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defoliated at two targeted % OB maturity stages using one of three ethephon rates, and 

harvested at two timings.  The two MC strategies were the modified early bloom strategy 

to achieve compact fruiting cotton, and a non-treated control to achieve extended fruiting 

cotton.  The two defoliation timings were targeted at 40 (early), and 80 (late) % OB using 

0, 1.68, or 3.37 kg a.i. ha-1 ethephon {2-chloroethyl phosphonic acid} (Prep®, Bayer Crop 

Science, Research Triangle Park N.C.).  Harvest timings included an early harvest (14 

days after defoliation + 3 days), and a late harvest (28 days after defoliation + 3 days).  

Treatments were arranged in a modified split-split-split-block design containing four 

replications with MC strategy as the sub-bock factor, defoliation timing as the sub-sub-

block factor, and harvest timing as the sub-sub-sub-block factor.  Each of the three 

ethephon rates were randomly assigned to a plot within the three-plot defoliation timing 

strip across each block.  All other production and pest management practices were 

conducted according to the North Carolina Cooperative Extension recommendations for 

that region (Bacheler, 2009; Crozier, 2009; Koenning, 2009; York and Culpepper, 2009). 

 

The modified early bloom treatments received MC {N,N-dimethyl piperidinium chloride} 

(Mepex®, Nufarm Americas Inc., Burr Ridge IL.) at 0.025 kg a.i. ha-1 on 28 June 2006, 

0.037 kg ha-1 on 10 July 2007, and  0.025 kg ha-1 on 24 June 2008, during the pre-bloom 

period (14 to 21 days before early bloom), followed by MC at 0.025 kg ha-1  at the early 

bloom growth stage (5 to 6 white blooms per 7.6 m of row), on 19 July 2006 and 14 July 

2008.  The first application of MC was delivered when plant height, total nodes, and  
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uppermost fully expanded internode distances were as follows: 43 cm, 10, and 5.8 cm 

respectively in 2006, 53 cm, 12, and 5.4 cm respectively in 2007, and 21 cm, 8, and 3.4 

cm respectively in 2008.  The second application of MC was delivered when plant height, 

total nodes, and uppermost fully expanded internode distances were 75 cm, 14, and 6.7 

cm respectively in 2006, and 48 cm, 14, and 5 cm respectively in 2008.   

 

Mepiquat chloride was applied using a CO2-pressurized backpack sprayer calibrated to 

deliver 140 L ha-1 using TeeJet® XR110-02 flat-fan nozzles (TeeJet Technologies, 

Wheaton, IL).  Plant heights, nodes, and uppermost fully expanded internode length 

(distance between fourth and fifth true leaf from the top of the plant) were recorded for 

six plants in the center two rows of each defoliation treatment.  Mid-season data, 

including heights, nodes, and nodes above white flower (NAWF), were recorded for six 

plants per defoliation treatment on 7 August 2006, 8 August 2007, and 5 August 2008.  

Plant mapping data were collected for six plants per defoliation treatment on 13 October 

2006, 2 October 2007, and 19 September 2008. 

 

Percent OB measurements were recorded on a randomly chosen 1-m section of row 

within each plot, and the average was taken across all plots within each designated 

defoliation timing strip.  All plots within the designated defoliation treatment strips were 

defoliated each year when this average reached the approximate targeted percent OB.  

Cotton was defoliated using ethephon at one of three designated rates mixed with tribufos  
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{S,S,S-tributyl phosphorotrithioate} (Def®, Bayer Crop Science, Research Triangle Park 

N.C.) at 0.42 kg a.i. ha-1 plus thidiazuron {N-phenyl-N’-1,2,3-thiadiazol-5-ylurea} 

(Dropp® SC, Bayer Crop Science, Research Triangle Park N.C.) at 0.086 kg a.i. ha-1.  The 

early defoliation treatments were applied on 7 and 11 September 2006, 31 August 2007, 

and 8 September 2008.  The late defoliation treatments were applied on 22 September 

2006, 6 September 2007, and 22 September 2008.  The actual early defoliation timings 

were 45, 40, and 44% OB in 2006, 2007, and 2008 respectively for compact fruiting 

cotton, and 38, 34, and 39% OB in 2006, 2007, and 2008 respectively for extended 

fruiting cotton.  The actual late defoliation timings were 85, 74, and 77% OB in 2006, 

2007, and 2008 respectively for compact fruiting cotton, and 79, 71, and 76% OB in 

2006, 2007, and 2008 respectively for extended fruiting cotton.   Defoliation treatments 

were applied using the sprayer previously described.  At each defoliation timing, percent 

open bolls, total bolls, and nodes above cracked bolls (nodes between highest first 

position cracked boll and highest harvestable boll) were recorded.  Percent defoliation 

was recorded at seven and 14 days after each defoliation treatment. 

 

The center two rows of each experimental unit were mechanically harvested with a two-

row spindle picker.  The early harvest (14 days after defoliation + 3 days) was conducted 

on rows two and three in all plots within each defoliation strip.  The late harvest (28 days 

after defoliation + 3 days) was conducted on rows six and seven in all plots within each 

defoliation strip.  Seedcotton weights for each plot were recorded and sub-samples were  
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collected for high volume instrumentation analysis and lint percentage.  Data included 

lint yield, micronaire, length, length uniformity, and strength.   

 

Data for lint yield and fiber quality parameters were subjected to analysis of variance 

using the general linear model in SAS version 9.2 (SAS Institute, Cary NC).  Means of 

significant main effects and interactions were separated using Fisher’s Protected LSD at 

p<0.05. Due to the complexity of the LSD calculation, which required the use of multiple 

error terms, mean separation procedures using LSMEANS could only be conducted by 

eliminating the data values from the first replication in all years, as some plots in the first 

replication had missing values in most years.     

 

Results and Discussion 

There were few significant main effects for most measured parameters, therefore 

interactions between MC treatment, defoliation timing, ethephon rate, and harvest timing 

are primarily discussed.  There was no significant interaction between MC treatment, 

defoliation timing, and ethephon rate for lint yield during 2006 and 2007 (Table 6.1).  

Although insignificant, lint yields increased 15% when defoliation was delayed in both 

MC regimes in these years.  In 2008, there was a significant interaction between MC 

treatment, defoliation timing, and ethephon rate.  When no MC was applied in 2008, 

ethephon rate had no effect on lint yield for both early and late-defoliated cotton, 

however yield was improved in MC-treated cotton when defoliated early using the 3.37  
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kg ha-1 ethephon rate.  This suggests that ethephon at higher rates may enhance yields for 

cotton defoliated prematurely or that ethephon can offset the risks associated with 

premature defoliation.  Delaying defoliation increased lint yield for MC-treated cotton 

when no ethephon was used in defoliant mixtures, but this effect was not observed when 

either rate of ethephon was used.  This effect suggests that ethephon promotes rapid boll 

opening, thus enhancing yields at normal use rates.  These results also indicate that 

delaying defoliation for MC-treated cotton may only enhance yields when no ethephon is 

used in defoliant mixtures.  When no MC was used, yield of late-defoliated cotton using 

3.37 kg ha-1 ethephon was significantly greater than that of MC-treated cotton defoliated 

early using no ethephon.  Unexpectedly, harvest timing was unaffected by ethephon rate. 

 

Interactions of mepiquat chloride by harvest timing and defoliation timing by harvest 

timing were noted for lint percentage.  Lint percentage was not affected by MC treatment 

and harvest timing during 2006 and 2007 (Table 6.2).  In 2008, lint percentage was not 

affected by harvest timing, whether MC was used or not, however MC treatment reduced 

lint percentage nearly 6 % for late-harvested cotton.  In 2006 and 2008, lint percentage 

decreased 3 % as harvest was delayed for early-defoliated cotton (Table 6.3).  In these 

years, delaying defoliation and harvesting early reduced lint percentage 3 %.  This may 

be due to more time for seed development.  In 2007, lint percentage decreased nearly 2 % 

as harvest was delayed for late-defoliated cotton, also likely resulting from more 

progressed seed development.  In addition, early defoliated cotton, regardless of harvest  
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timing, resulted in greater lint percentage than late-defoliated, late-harvested cotton, 

probably through halting seed development.   

 

Ethephon significantly reduced micronaire when averaged across other factors (data not 

shown), suggesting that ethephon promotes rapid boll opening which could be an 

effective management tool in conditions that likely result in fiber discounts due to high 

micronaire.  This effect is somewhat inconsistent with yield data.  In 2008, micronaire 

increased 5 % as defoliation was delayed, possibly a result of the extended time that 

micronaire was allowed to develop, but micronaire was unaffected by defoliation timing 

in 2006 and 2007 (data not shown).   

 

In all years, delaying harvest of early defoliated cotton reduced micronaire 3 %, likely 

resulting from the weathering or removal of some of the higher-micronaire lint, however 

harvest timing had no effect on micronaire when cotton was defoliated late (Table 6.4).  

Late-defoliated cotton, regardless of harvest timing, resulted in significantly higher 

micronaire than that of early defoliated cotton harvested late.   

 

Mepiquat chloride treatment and harvest timing had no effect on micronaire in 2006 

(Table 6.5).  In 2007 and 2008, delaying harvest had no effect on micronaire when no 

MC was used.  When MC was used, however, micronaire decreased 6 % as harvest was  
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delayed (Table 6.5).  Also, MC treatment reduced micronaire 3 % for late-harvested 

cotton in these years.   

 

Interactions between defoliation and harvest timing had no effect on fiber length during 

2006 and 2007, however in 2008, delaying harvest increased fiber length 2 % for early 

defoliated cotton, and reduced fiber length 2 % for late-defoliated cotton (Table 6.6), the 

latter effect likely resulting from the prolonged weather exposure.  In all years, delaying 

defoliation increased upper half mean 1 % (data not shown).  Delaying defoliation 

increased fiber length 2 % for early-harvested cotton, and reduced fiber length 2 % for 

late-harvested cotton.  In all years, when no MC was used, delaying harvest reduced fiber 

length 2 % when no ethephon was used in defoliant mixtures, likely resulting from 

slower boll opening and prolonged weather exposure, however when MC was used, 

delaying harvest increased fiber length 3 % when no ethephon was used, and 2 % when 

3.37 kg ha-1 ethephon was used (Table 6.7), possibly indicating that MC enhances fiber 

lengthin some situations.   

 

Mepiquat chloride increased fiber strength of late-harvested cotton 3 % when no 

ethephon was used and when 3.37 kg ha-1 ethephon was used in defoliant mixtures (Table 

6.7).  In all years, delaying harvest reduced fiber strength 3 % for late-defoliated cotton 

when 1.68 kg ha-1 ethephon was used (Table 6.8).  Although significant, these effects are 

relatively insignificant to growers. 
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In 2007 and 2008, harvest timing had no effect on fiber uniformity, however in 2006, 

delaying harvest increased uniformity 2 % (data not shown).  Mepiquat chloride 

treatment, defoliation timing, and ethephon rate had no effect on uniformity in 2007 and 

2008, however MC reduced uniformity 2 % for late-defoliated cotton when 1.68 kg ha-1 

ethephon was used (Table 6.9).  Ethephon at 3.37 kg ha-1 decreased uniformity 2 % 

compared to when no ethephon was used to defoliate MC-treated early-defoliated cotton 

in 2006, possibly resulting from rapid boll opening.   

 

In all years, MC treatment reduced percent defoliation by 5 % at seven days after 

defoliation (data not shown).  In 2007, percent defoliation at seven days after treatment 

significantly increased as ethephon rate increased when cotton was defoliated early, 

however when cotton was defoliated late, only the 3.37 kg ha-1 rate significantly 

improved percent defoliation (Table 6.10), indicating the ethephon, especially higher 

rates enhances the defoliation process thus promoting rapid leaf removal and earlier 

harvest.  Delaying defoliation significantly increased percent defoliation, regardless of 

ethephon rate, indicating that leaves were more mature at the later defoliation timing.  In 

2008, ethephon at both rates significantly increased percent defoliation at seven days 

after treatment compared to when no ethephon was used, regardless of defoliation timing.  

Delaying defoliation only improved percent defoliation when no ethephon was used.  In 

2007, the 3.37 kg ha-1 ethephon rate significantly increased percent defoliation at 14 days 

after treatment for early defoliated cotton, when compared to both the 1.68 kg ha-1 rate  
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and when no ethephon was used.  In 2008, percent defoliation at 14 days after treatment 

was significantly improved by the 3.37 kg ha-1 ethephon rate compared to when no 

ethephon was used, for early defoliated cotton.  For late-defoliated cotton, percent 

defoliation at 14 days after treatment significantly increased as ethephon rate increased.  

Delaying defoliation significantly reduced percent defoliation at 14 days after treatment 

when the 1.68 kg ha-1 rate, or when no ethephon was used.   

 

In all years, MC reduced plant height 16%, the number of sympodial nodes 13%, the total 

number of nodes 5%, and height-to-node ratio 11% (Table 6.11).  Mepiquat chloride had 

no effect on NAWF in all years.  Mepiquat chloride also increased retention of sympodial 

bolls 24% in all years, and the number of bolls on nodes four through seven 30% only in 

2008 (Table 6.12), resulting in more compact-fruiting plants.  Mepiquat chloride had no 

effect on the number of sympodial bolls, total bolls per plant, and the number of bolls in 

any upper node zone.  Although fruit distribution was mildly affected by MC, the effects 

on plant height and nodes possibly resulted in a boll population that was much closer in 

terms of age and maturity when compared to cotton receiving no MC. 

 

These results suggest that defoliation and harvest timing can greatly influence yields and 

mildly influence fiber quality parameters.  In addition, including ethephon in defoliant 

mixtures may provide many advantages to growers.  High ethephon rates may improve 

lint yields is some situations, especially when MC-treated cotton is defoliated earlier than  
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normal.  The effects of MC treatment were mild, although it did result in slightly more 

compact-fruiting cotton, as supported by height, height-to-node ratio, total number of 

nodes, and some fruit distribution data in one year.  In addition, utilizing ethephon in 

defoliant mixtures may allow cotton to be defoliated earlier without compromising yield, 

indicating that ethephon enhances boll opening as suggested by other researchers 

(Gwathmey and Hayes, 1996; Jones, 2001; and Logan and Gwathmey, 2002).  These 

results also indicate that in some years, early defoliation and harvest could promote 

higher lint percentages, which could translate into higher yields.  Defoliation timing and 

ethephon use could also be beneficial in managing micronaire, especially in environments 

that likely promote high micronaire.  Data suggested that using ethephon, or defoliating 

early, can prevent micronaire from reaching discount values while maintaining an 

optimal early harvest, although early defoliation may adversely affect fiber length.  This 

may be more important when MC is used, as MC application increased micronaire in 

some situations.  Delaying harvest also reduced micronaire, however the risks associated 

with late harvests can be detrimental, as some data indicated that delaying harvest could 

reduce fiber strength.  This reduction in fiber quality due to delayed harvest was similarly 

suggested by Faircloth et al., 2004a, Kelley et al. 1999, and Larson et al., 2002.  In terms 

of defoliant efficacy, the use of ethephon proved to be advantageous.  In some situations, 

the high ethephon rate improved defoliation beyond that of the normal-use rate.   
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Table 6.1. Effects of mepiquat chloride by defoliation timing by ethephon rate interaction on  
cotton lint yield in 2006, 2007, and 2008.z 
 

Mepiquat chloride 
treatment 

Defoliation 
timingy Ethephon rate Lint yield 

  kg ha-1 2006-2007 2008 
  ___________kg ha-1 ___________ 

None 

Early 

0 945.7 1008.5 bc 

1.68 937.5 1112.9 abc 

3.37 950.4 1007.2 bc 

Late 

0 1113.3 1110.1 abc 

1.68 1101.8 1075.1 abc 

3.37 1038.9 1156.1 ab 

Mepiquat chloride 
applied 

 according to the 
Modified Early 
Bloom Strategy 

Early 

0 977.8 869.2 c 

1.68 1021.6 1130.1 abc 

3.37 1052.7 1206.3 ab 

Late 

0 1081.5 1320.6 a 

1.68 1197.9 1298.6 a 

3.37 1221.9 1093.4 abc 

P-value   0.2293 0.0409 
zData are pooled over harvest timings.  Means within a column followed by dissimilar letters are 
significantly different based on Fisher’s Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % open bolls. 
 
 
 
 
 
 
 
 



 153

 
 
Table 6.2. Effects of mepiquat chloride by harvest timing interaction on lint percentage in 
2006, 2007, and 2008.z 
 

Mepiquat chloride 
treatment y Harvest timing Lint percentage 

  2006-2007 2008 
  ___________________% ___________________ 

None 

14 DADx 46 44.4 ab 

28 DAD 46 46.7 a 

Mepiquat chloride 
applied 

 according to the 
Modified Early 
Bloom Strategy 

14 DAD 46 46.5 ab 

28 DAD 46 44.1 b 

P-value  0.7528 0.0110 
zData are pooled over defoliation timings, and ethephon rates.  Means within a column 
followed by dissimilar letters are significantly different based on Fisher’s Protected LSD 
test at α = 0.05.   
xDAD denotes days after defoliation. 
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Table 6.3. Effects of defoliation timing by harvest timing interaction on lint percentage in 
2006, 2007, and 2008.z 
 

Defoliation timing y Harvest timing Lint percentage 
  2006 & 2008 2007 
  ___________%___________ 

Early 

14 DADx 45.8 a 47.1 a 

28 DAD 44.3 b 47.5 a 

Late 

14 DAD 44.4 b 46.9 a 

28 DAD 45.2 ab 46.1 b 

P-value  0.0181 0.0396 
zData are pooled over mepiquat chloride treatments, ethephon rates, and three 
replications.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
xDAD denotes days after defoliation. 
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Table 6.4. Effects of defoliation timing by harvest timing interaction on micronaire in 
2006, 2007, and 2008.z 
 

Defoliation timing y Harvest timing Micronaire 
  _____Units _____ 

Early 

14 DADx 4.5 a 

28 DAD 4.4 b 

Late 

14 DAD 4.5 a 

28 DAD 4.6 a 

P-value  0.0142 
zData are pooled over years, mepiquat chloride treatment, ethephon rates, and three 
replications.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
xDAD denotes days after defoliation. 
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Table 6.5. Effects of mepiquat chloride by harvest timing interaction on micronaire in 
2006, 2007, and 2008.z 
 

Mepiquat chloride 
treatment y Harvest timing Micronaire 

  2006 2007-2008 
  __________________Units ___________________ 

None 

14 DADx 4.3 4.6 bc 

28 DAD 4.2 4.61 b 

Mepiquat chloride 
applied 

 according to the 
Modified Early Bloom 

Strategy 

14 DAD 4.1 4.75 a 

28 DAD 4.3 4.48 c 

P-value  0.1654 0.0089 
zData are pooled over defoliation timings, ethephon rates, and three replications during 
2007-2008.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05.   
xDAD denotes days after defoliation. 
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Table 6.6. Effects of defoliation timing by harvest timing interaction on upper half mean 
fiber length in 2006, 2007, and 2008.z 
 

Defoliation timing y Harvest timing Upper half mean fiber length 
  2006-2007 2008 
  ___________cm___________ 

Early 

14 DADx 2.5 2.6 b 

28 DAD 2.5 2.7 a 

Late 

14 DAD 2.5 2.7 a 

28 DAD 2.6 2.6 b 

P-value  0.0864 0.0010 
zData are pooled over mepiquat chloride treatments, and ethephon rates.  Means within a 
column followed by dissimilar letters are significantly different based on Fisher’s 
Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
xDAD denotes days after defoliation. 
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Table 6.7. Effects of mepiquat chloride by harvest timing by ethephon rate interaction on 
upper half mean fiber length and fiber strength in 2006, 2007, and 2008.z 
 

Mepiquat 
chloride 
treatment 

Harvest 
timing Ethephon rate 

Upper half 
mean fiber 

length Fiber strength 
  kg ha-1 _____ cm ______ ____g tex-1 ____ 

None 

14 DADy 

0 2.556 abc 27.35 abc 

1.68 2.556 abc 27.2 abc 

3.37 2.549 a-d 27.16 abc  

28 DAD 

0 2.503 d 26.71 c 

1.68 2.533 bcd 27.06 bc 

3.37 2.532 bcd 26.7 c 

Mepiquat 
applied 

according to the 
Modified Early 
Bloom Strategy 

14 DAD 

0 2.4998 d 27.13 abc  

1.68 2.556 abc 27.79 a 

3.37 2.527 cd 27.58 ab 

28 DAD 

0 2.5799 ab 27.55 ab 

1.68 2.547 a-d 27.21 abc 

3.37 2.589 a 27.59 ab 

P-value   0.0164 0.0106 
zData are pooled over years, defoliation timings, and three replications.  Means within a 
column followed by dissimilar letters are significantly different based on Fisher’s 
Protected LSD test at α = 0.05.   
yDAD denotes days after defoliation. 
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Table 6.8. Effects of defoliation timing by harvest timing by ethephon rate interaction on 
fiber strength in 2006, 2007, and 2008.z 
 

Defoliation timing y Harvest timing Ethephon rate Fiber strength 
  kg ha-1 _____g tex-1 _____ 

Early 

14 DADx 

0 27.058 ab 

1.68 27.239 ab 

3.37 27.639 ab 

28 DAD 

0 27.235 ab 

1.68 27.222 ab 

3.37 27.056 b 

Late 

14 DAD 

0 27.417 ab 

1.68 27.756 a 

3.37 27.1 ab 

28 DAD 

0 27.017 b 

1.68 27.044 b 

3.37 27.233 ab 

P-value   0.0256 
zData are pooled over years, mepiquat chloride treatments, and three replications.  Means 
within a column followed by dissimilar letters are significantly different based on 
Fisher’s Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
xDAD denotes days after defoliation. 
 
 
 
 



 160

 
 
Table 6.9. Effects of mepiquat chloride by defoliation timing by ethephon rate interaction 
on uniformity index in 2006, 2007, and 2008.z 
 

Mepiquat chloride 
treatment 

Defoliation 
timingy Ethephon rate Uniformity index 

  kg ha-1 2006 2007-2008 
  ___________%___________ 

None 

Early 

0 79.97 bc 81.49 

1.68 79.67 bc 80.98 

3.37 80.3 abc 80.63 

Late 

0 80.23 bc 81.55 

1.68 81.48 a 81.16 

3.37 79.5 c 81.83 

Mepiquat chloride 
applied 

 according to the 
Modified Early 
Bloom Strategy 

Early 

0 80.78 ab 81.46 

1.68 80 bc 81.39 

3.37 79.45 c 81.19 

Late 

0 80.28 bc 81.75 

1.68 80.25 bc 81.78 

3.37 80.1 bc 81.53 

P-value   0.0306 0.5505 
zData are pooled over harvest timings, and three replications in 2006.  Means within a 
column followed by dissimilar letters are significantly different based on Fisher’s 
Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
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Table 6.10. Effects of defoliation timing by ethephon rate interaction on percent 
defoliation in 2006, 2007, and 2008.z 
 

Defoliation 
timingy 

Ethephon 
rate 

Percent defoliation  
7 DATx Percent defoliation 14 DAT 

 kg ha-1 2007 2008 2007 2008 

  _______________________________% _____________________________

Early 

0 80.9 d 76 c 85.9 bc 87.5 b 

1.68 87 c 86.4 ab 89.8 b 93.8 ab 

3.37 93.5 b 91.1 a 95.1 a 98.8 a 

Late 

0 92.9 b 8.3 d 89.3 b 45.6 d 

1.68 92.5 b 78.2 bc 83.8 c 75.4 c 

3.37 97.3 a 86.3 ab 89 b 91.3 ab 

P-value  0.0082 <0.0001 0.0088 0.0003 
zData are pooled over mepiquat chloride treatments, harvest timings, and three 
replications.  Means within a column followed by dissimilar letters are significantly 
different based on Fisher’s Protected LSD test at α = 0.05.   
yEarly defoliation was targeted at 40 % open bolls.  Late defoliation was targeted at 80 % 
open bolls. 
xDAT denotes days after treatment. 
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Table 6.11.  Effects of mepiquat chloride on growth characteristics in 2006, 2007, and 2008.z 

 

Mepiquat 
chloride 
treatment Plant height 

Nodes above 
white flower 

Number of 
sympodial 
nodes per 

plant 

Total number 
of nodes per 

plant 
Height-to-
node ratio 

 ____cm_____ ______________________________________No.____________________________________ 

 
None 

 
50.5 a 2.7 9.5 a 19.2 a 2.7 a 

Mepiquat 
chloride applied 
 according to the 
Modified Early 
Bloom Strategy 

42.6 b 2.1 8.2 b 18.2 b 2.4 b 

 
LSD 

 
3.102 NS 0.5544 0.86 0.168 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters  
are significantly different based on Fisher’s Protected LSD test at α = 0.05. 
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Table 6.12.  Effects of mepiquat chloride on boll production, retention, and distribution in 2006, 2007, and 2008.z 

 

Mepiquat 
chloride 
treatment 

Number of 
sympodial 

bolls  
per plant 

Percent 
retention of 
sympodial 

bolls 

Total number 
of bolls  
per plant 

Number of bolls  
on nodes 4-7 

Number of 
bolls on  

nodes 8-10 

Number of 
bolls on  

nodes 11-13 

Number of 
bolls on  

nodes 14-16 
 _________________Years Combined___________________ 2006-2007 2008 _________________Years Combined___________________ 

 
______No. ______ ______% _______ _______________________________________________________No. ______________________________________________________ 

 
None 

 
5.73 38.11 b 5.8 2.8 1.77 b 2.2 0.8 0.3 

Mepiquat 
chloride applied 
 according to the 
Modified Early 
Bloom Strategy 

5.96 49.87 a 6.1 2.6  2.52 a 2.5 0.7 0.2 

 
LSD 

 
NS 5.12 NS NS 0.636 NS NS NS 

zData are pooled over years unless noted otherwise.  Means within a column followed by dissimilar letters are significantly different based  
on Fisher’s Protected LSD test at α = 0.05. 
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