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Abstract 

EURE, PETER MICHAEL.  Evaluation of Agrochemicals in Situations where Spray 

Solution Application is Delayed.  (Under the direction of Drs. David Jordan and Loren 

Fisher).   

Information is limited concerning agrochemicals performance after solution has been 

prepared for an extended period of time prior to application.  Separate experiments were 

conducted in North Carolina from 2007-2010 to determine the influence of delayed 

applications of spray solutions (pH 6.7) on efficacy of the residual herbicides diclosulam, 

dimethenamid, flumioxazin, fomesafen, imazethapyr, pendimethalin, and S-metolachlor; the 

foliar applied herbicides aciflourofen, atrazine, clethodim, dicamba, glufosinate, glyphosate, 

imazapic, imazethapyr, lactofen, paraquat, and 2,4-D; the cotton insecticides acephate, 

indoxacarb, lambda-cyhalothrin, lambda-cyhalothrin plus thiamethoxam, methomyl, 

spinosad, and thiodicarb; the cotton plant growth regulators mepiquat chloride and mepiquat 

pentaborate; the cotton defoliants carfentrazone, ethephon, ethephon plus cyclanalide, diuron 

plus thidiazuron, and thidiazuron; the tobacco plant growth regulators C8-C10 fatty alcohol, 

flumetralin, flumetralin plus maleic hydrazide, and maleic hydrazide; the tobacco ripening 

agent ethephon; the peanut insecticide acephate; the peanut fungicides boscalid, 

chlorothalonil, fluazinam, priothioconzole plus tebuconazole, pyraclostrobim, and 

tebuconazole; and the peanut plant growth regulator prohexadione calcium.  Experiments 

were also conducted to determine the influence of weed size and delayed applications of 

spray solution on the foliar applied herbicides listed above, with the exception of aciflourofen 

and imazapic.  The fungicides chlorothalonil, priothioconazole plus tebuconazole, 

tebuconazole, and pyraclostrobin were evaluated when prepared prior to application in water 
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sources with pH of 3.9, 6.7, and 7.9.  Each agrochemical was mixed individually into 

solution the day of application at intervals of up to 9 days prior to application.   

Control of broadleaf signalgrass, common ragweed, and Palmer amaranth was not 

affected by diclosulam, dimethenamid, flumioxazin, fomesafen, imazethapyr, pendimethalin, 

and S-metolachlor remaining in spray solution for up to 9 days.  Entireleaf morningglory 

control was higher when these products were mixed 9 days prior to application compared 

with shorter intervals of mixing.  Delayed application of spray solution did not affect efficacy 

of foliar applied aciflourofen, dicamba, glufosinate, imazapic, and 2,4-D.  Occasionally, 

efficacy of atrazine, clethodim, glyphosate, lactofen, and paraquat either increased or 

decreased compared with applying herbicides the day of mixing with differences of 3 to 20 

percentage points.  The increase in weed size due to delayed application was a more 

important factor in affecting weed control than the amount of time herbicide solutions were 

prepared prior to application.  In cotton, efficacy of ethephon, indoxacarb, methomyl, and 

spinosad, thidiazuron was influenced by delayed applications of spray solution.  Efficacy of 

acephate, carfentrazone, diuron plus thidiazuron, ethephon plus cyclanalide, indoxacarb, 

lambda-cyhalothrin, lambda-cyhalothrin plus thiamethoxam, methomyl, thiadiazuron, and 

thiodicarb was not affected by mixing interval when evaluated in cotton.   Efficacy of the 

tobacco plant growth regulators C8-C10 fatty alcohol, flumetralin, flumetralin plus maleic 

hydrazide, and maleic hydrazide was not influenced by mixing interval.  However, leaf 

yellowing by ethephon 5 days after treatment was occasionally greater when spray solutions 

were prepared 3 or 7 days prior to application.  In peanut, when comparing the fungicides, 

insecticides, and a plant growth regulator over all pest or peanut growth parameters, 
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performance was not reduced when remaining in spray solution up to 9 days prior to 

application.  Water quality did influence efficacy of chlorothalonil, prothioconazole plus 

tebuconazole, pyraclostrobin, and tebuconazole with respect to canopy defoliation caused by 

early leaf spot and late leaf spot.  Over all experiments, the magnitude of the effect of 

delayed applications of agrochemical spray solutions was relatively minor and most likely 

would be of minimal biological significance. 
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Evaluation of Herbicide Efficacy when Spray Solution Application is Delayed 

P. M. Eure, D. L. Jordan, L. R. Fisher, and A. C. York

 

Abstract 

Information is limited concerning the effect on efficacy of delayed application of 

herbicides after solution preparation.  Separate experiments were conducted in North 

Carolina from 2007 through 2010 to determine the influence of delayed applications on 

herbicide efficacy.  Efficacy of the residual herbicides diclosulam, dimethenamid, 

flumioxazin, fomesafen, imazethapyr, pendimethalin, and S-metolachlor and the foliar-

applied herbicides acifluorfen, atrazine, clethodim, dicamba, glufosinate, glyphosate, 

imazapic, imazethapyr, lactofen, paraquat, and 2,4-D was evaluated when herbicides were 

mixed individually into solution the day of application, or 3, 6, and 9 days prior to 

application with all applications on the same day.  In a third experiment, the interaction of 

weed size and delayed applications was determined for atrazine, clethodim, dicamba, 

glufosinate, glyphosate, lactofen, paraquat, and 2,4-D.   Broadleaf signalgrass, common 

ragweed, entireleaf morningglory, Italian ryegrass, Palmer amaranth, and yellow nutsedge 

control were observed in these experiments.  Solutions were mixed in the same water source 

with a pH of 6.7 and were stored in the dark at room temperature.  Delayed application did 
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not affect efficacy of foliar- applied acifluorfen, dicamba, glufosinate, imazapic, imazethapyr 

and 2,4-D.  Occasionally, efficacy of atrazine, clethodim, glyphosate, lactofen, mesosulfuron, 

paraquat, and pinoxaden either increased or decreased compared with applying herbicides the 

day of mixing with differences of 3 to 20 percentage points.  The increase in weed size due to 

delayed application was a greater factor in affecting weed control than the amount of time 

herbicide solutions were prepared prior to application.  Although control of broadleaf 

signalgrass, common lambsquarters, and Palmer amaranth was not affected by soil-applied 

diclosulam, dimethenamid, flumioxazin, fomesafen, imazethapyr, pendimethalin, and S-

metolachlor left in spray solution for up to 9 days, entireleaf morningglory control was 

greater when these products were mixed 9 days prior to application compared with shorter 

intervals of mixing.  Collectively, these data indicated that delayed applications of herbicides 

had a minimal impact on herbicide efficacy at solution pH of 6.7 and when herbicides are 

successfully brought back into solution.   

Nomenclature: acifluorfen; atrazine; clethodim; dicamba; diclosulam; dimethenamid; 

flumioxazin; fomesafen; glufosinate; glyphosate; imazethapyr; lactofen; paraquat; S-

metolachlor; 2,4-D; broadleaf signalgrass, Urochloa platyphylla Munro ex C. Wright; 

common lambsquarters, Chenopodium album L.; common ragweed, Ambrosia artemisiifolia 

L.; entireleaf morningglory, Ipomoea herderacea Jacq.; Italian ryegrass, Lolium multiflorum 

L.; Palmer amaranth, Amaranthus palmeri S. Watts; yellow nutsedge, Cyperus esculentus L. 

Keywords: delayed sprays, mixing interval, weed size.  
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Introduction 

Unforeseen circumstances such as high wind speed, excessive rain, and equipment 

failure may prevent timely application of spray solutions.  Many factors may influence 

herbicide efficacy.  According to the National Water Quality Assessment Program, hard 

water is common in domestic wells in east-central and western United States where aquifers 

are high in carbonate and concentrations of dissolved solids (Anonymous 2009).   Spray 

water quality can influence glyphosate efficacy (Buhler and Burnside 1983; Nalewaja et al. 

1989; Stahlman and Phillips 1979; Thelen et al. 1995).   Spray water sources high in cations 

such calcium and magnesium reduce glyphosate efficacy by forming associations with 

carboxyl and phosphonate functional groups on glyphosate (Thelen et al. 1995).  Spray water 

high in calcium chloride concentrations has been shown to antagonize acifluorfen, bentazon, 

dicamba, imazethapyr, and 2,4-D (Nalewaja and Matysiak 1993).  Additionally, antagonism 

of sethoxydim by spray water high in sodium bicarbonate has been observed (Nalewaja et al. 

1989).    

Herbicide efficacy may be influenced when spray solution remains in spray tanks for 

extended periods of time.  Stewart et al. (2009) determined there was no effect on velvetleaf 

(Abutilon theophrasti Medik.), redroot piqweed (Amaranthus retroflexus L.), common 

ragweed, and common lambsquarters control by postemergence applications of dicamba plus 

diflufenzapyr, glufosinate, glyphosate, mesotrione plus atrazine, or nicosulfuron plus 

rimsulfuron when spray solutions were prepared 1, 3 or 7 days prior to application.  Tank 

mixes of isoxaflutole plus atrazine left in spray solution 7 days prior to application controlled 
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common lambsquarters and velvetleaf less than when solutions were prepared for a shorter 

interval (Stewart et al. 2009).  Dimethenamid plus dicamba plus atrazine left in spray 

solution 3 or 7 days prior to application reduced velvetleaf control compared with shorter 

intervals of mixing (Stewart et al. 2009).  Rimsulfuron plus S-metolachlor plus dicamba 

mixed 1, 3, and 7 days prior to application controlled velvetleaf  and common lambsquarters 

less effectively than when mixed 1 day prior to application (Stewart et al. 2009). 

When herbicide applications are delayed, especially when temperatures are warm to 

facilitate rapid growth, weeds may become more difficult to control. Weed size has been 

shown to influence postemergence herbicide efficacy (Kegode and Fronning 2005).  

Velvetleaf, prickly sida (Sida spinosa L.), sicklepod (Senna obtusifolia L.), pitted 

morningglory (Ipomoea lacunosa L.), entireleaf morningglory, and hemp sesbania (Sesbania 

exaltata Rydb.) control by glyphosate was greater when weeds had 1 to 3 leaves compared 

with application to weeds with four or more leaves (Jordan et al. 1997).  Sicklepod control by 

imazaquin was greater when applied to one-leaf plants rather than plants with 3 to 5 leaves 

(Edmund and York 1987).  As weed size increases, herbicide rates may be increased to 

maintain adequate weed control (Jordan et al. 1997; Vidrine et al. 1992).  Increased 

application rates of foliar-applied acifluorfen, fomesafen, glyphosate, and lactofen have been 

shown to increase weed control (Jordan et al. 1997; Vidrine et al. 1992). 

Although herbicides occasionally remain in spray tanks for several days, there is little 

information available concerning the effect of delayed applications of spray solution on 

efficacy.  In 2001, 196 million kilograms of herbicide active ingredient were sold in the 
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United States agricultural sector, accounting for $4,987 million in expenditures (Kiely et al. 

2004).  Understanding the potential loss in herbicide efficacy when applications are delayed 

is important to prevent weed control failures.  Therefore, experiments were conducted to 

determine the influence of delayed applications on efficacy of residual soil-applied and 

foliar-applied herbicide spray solution when prepared up to 9 days prior to application.  

Experiments were also conducted to determine the impact of increased weed size due to 

delayed application on herbicide efficacy compared with efficacy when application of spray 

solutions was delayed 

Materials and Methods 

General methodology.  Field experiments were conducted from 2007 through 2010 in North 

Carolina at the Central Crops Research Station near Clayton, the Peanut Belt Research 

Station near Lewiston-Woodville, the Upper Coastal Plain Research Station near Rocky 

Mount, and an on farm site near Falcon. Soil at Clayton was Johns sandy loam (fine-loamy 

over sandy, siliceous, semiactive, thermic Aquic Hapludults).  Soils at Rocky Mount, 

Lewiston-Woodville, and Falcon were a Norfolk loamy sand (fine-loamy, kaolinitic, thermic 

Typic Kandiudults), a Goldsboro sandy loam (fine-loamy, siliceous, subactive, thermic Aquic 

Paleudults) and a Autryville loamy sand (loamy, siliceous, subactive, thermic Aquic 

Paleudults), respectively.  Experiments were conducted in tilled fallow areas with uniform 

populations of weeds.  Plot size was 2 by 4 m.  Herbicide solutions were prepared in plastic 

bottles (3 L volume), sealed, and stored in the dark at room temperature.  The water solution 

was from a municipal supply in Wake County, NC with pH 6.7, hardness of 31 ppm, and 
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concentrations of boron, calcium, magnesium, and zinc of 0.04, 7.3, 0, and 0.06 ppm, 

respectively.  Herbicides were applied using a CO2-pressurized backpack sprayer calibrated 

to deliver 140 L/ha at 207 kPa with tapered flat-fan nozzles
1
.  Spray solutions were 

thoroughly agitated to bring herbicides into solution immediately prior to application.     

The experimental design was a randomized complete block with treatments replicated 

four times.  Visual estimates of percent weed control were recorded using a scale of 0 to 100, 

where 0 = no control and 100 = complete control (Frans et al. 1986).  Population reduction 

relative to the non-treated control, foliar chlorosis and necrosis, and plant stunting were 

considered when making the estimates of visual control.  The interval between application 

and visual rating varied by experiment.  Data were subjected to analysis of variance 

(ANOVA) appropriate for treatment structure depending on experiment using the PROC 

GLM procedure in SAS.
2 

 Means of significant main effects and interactions were separated 

using Fisher’s Protected LSD test at p ≤ 0.05. 

Experiment 1.  Influence of delayed applications of preemergence herbicide spray 

solutions. Three trials were conducted during 2009 in two separate fields at Rocky Mount 

and one field at Clayton and during 2010 in two separate fields at Rocky Mount.  Treatments 

included diclosulam
3
 (30 g ai/ha), dimethanamid

4
 (1,100 g ai/ha), flumioxazin

5
 (70 g ai/ha), 

sodium salt of fomesafen
6
 (280 g ae/ha), ammonia salt of imazethapyr

7
 (70 g ae/ha), 

pendimethalin
8
 (1,100 g ai/ha), and S-metolachlor

9
 1,300 (g ai/ha) mixed the day of 

application, and 3, 6, and 9 days prior to application.  All herbicide treatments were applied 

on the same day to a freshly tilled field regardless of when solutions were prepared to 
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minimize confounding effects of tillage, rainfall, and other variables.  Soil moisture and days 

after application to significant rainfall varied across years and trials (Table 1). 

Visual estimates of percent broadleaf signalgrass, common lambsquarters, entireleaf 

morningglory, and Palmer amaranth control were recorded 6 weeks after treatment (WAT).   

Broadleaf signalgrass was present in three trials during 2009 and two trials during 2010. 

Entireleaf morningglory and Palmer amaranth were present in one trial in 2009 and two trials 

in 2010.  Common lambsquarters was present in one trial during both 2009 and 2010.  Data 

for percent control of each species were subjected to ANOVA for a seven (herbicide) by four 

(interval of delayed application) factorial treatment arrangement. 

Experiment 2.  Influence of delayed applications on postemergence herbicide spray 

solutions. In separate experiments, seven foliar-applied herbicides were evaluated from 2007 

through 2009.  Intervals between mixing and application during 2007 and 2008 were 0, 2, 4, 

and 6 days.  In 2009, intervals were 0, 3, 6, and 9 days.  Herbicides were applied on the same 

day to prevent confounding effects of weed size and age, environmental conditions, and plant 

stress at time of application.   

Treatments included sodium salt of acifluorfin
10

 (350 g ae/ha), atrazine
11

 (1,100 g 

ai/ha), clethodim
12

 (1,100 g ai/ha), dimethylamine salt of dicamba
13

 (280 g ae/ha), 

glufosinate
14

 (500 g ai/ha),
 
potassium salt of glyphosate

15
 (870 g ae/ha), ammonia salt of 

imazapic
16

 (70 g ae/ha), ammonia salt of imazethapyr (70 g ae/ha), lactofen
17

 (220 g ai/ha), 

and paraquat
18

 (560 g ai/ha).  Atrazine and clethodim were applied with crop oil 

concentrate
19

 at 1.0% (v/v).  Imazapic, imazethapyr, lactofen, and paraquat were applied with 
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nonionic surfactant
20

 at 0.25% (v/v).  Dicamba, glufosinate, glyphosate were applied without 

adjuvant. 

Weeds were 5 to 15 cm in height when herbicides were applied.  Weed species, 

herbicide, and the number of experiments a weed species was evaluated are presented in 

Tables 7 and 8. Visual estimates of percent broadleaf signalgrass, entireleaf morningglory, 

common ragweed, and Palmer amaranth control were recorded 3 WAT using the 

methodology discussed previously. 

Experiment 3.  Influence of weed size and delayed applications on efficacy of 

postemergence herbicides.  In separate experiments during 2010, dimethylamine salt of 2,4-

D
21

 (530 g ae/ha) and atrazine, clethodim, dicamba, glufosinate, glyphosate, imazethapyr, 

lactofen, and paraquat at rates previously described were applied to control weeds 10 to 15 

cm in height using spray solution prepared immediately prior to application.  Herbicides were 

also applied 4 or 8 days after optimum weed size using solutions prepared the same day and 

4 or 8 days prior to application at the rates described previously and rates 1.3 times those 

rates.  Weed size increased as application was delayed by approximately 10 cm for each 4-

day interval.   

Visual estimates of percent Palmer amaranth control were recorded 4 weeks after the 

optimum timing of application for 2,4-D, atrazine, dicamba, glufosinate, glyphosate, 

imazethapyr, lactofen, and paraquat.  Above-ground fresh weight of three Palmer amaranth 

plants from each plot was also determined 4 weeks after optimum timing of herbicide 

application in two separate fields at Rocky Mount, with the exception of lactofen, one 
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experiment was conducted at Falcon.  Additionally, visual estimate of common ragweed 

control and above-ground fresh weight of three common ragweed plants were recorded for 

lactofen, glufosinate, and glyphosate in two separate experiments at Lewiston-Woodville.  

Visual estimate of percent broadleaf signalgrass and above-ground fresh weight of three 

broadleaf signalgrass plants were recorded as described previously for clethodim.  Data for 

percent control of broadleaf signalgrass, common ragweed, and Palmer amaranth and percent 

reduction in fresh weight for broadleaf signalgrass, common ragweed, and Palmer amaranth 

were subjected to ANOVA for a two (herbicide rate) by four (combination of interval of time 

following solution preparation and weed size).  Means were separated using Fisher’s 

Protected LSD test at p ≤ 0.05. 

Results and Discussion 

Experiment 1.  Influence of delayed applications of preemergence herbicide spray 

solutions.  Broadleaf signalgrass, common lambsquarters, entireleaf morningglory, and 

Palmer amaranth control 6 WAT was affected by the interaction of experiment by herbicide 

(Table 2).  Entireleaf morningglory control was affected by the main effect of mixing interval 

(Table 2).  However, broadleaf signalgrass, common lambsquarters, and Palmer amaranth 

control was not affected by the main effect of mixing interval or the interaction of 

experiment by mixing interval.  Averaged over the soil-applied herbicides, entireleaf 

morningglory control was 9 percentage points higher when herbicides were left in spray 

solution for 9 days as compared to spray solution prepared the day of application (Table 3).  

These results were surprising, although there is no published information supporting or 

refuting these results.   
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Broadleaf signalgrass, common lambsquarters, entireleaf morningglory, and Palmer 

amaranth control varied by experiment and herbicide.  Broadleaf signalgrass control by S-

metolachlor and dimethenamid was greater than 80% in all experiments (Table 4).  Broadleaf 

signalgrass control by the other herbicides varied considerably across experiments.  At 

Rocky Mount field E4A in 2009 and Rocky Mount field B13A, entireleaf morningglory 

control by imazethapyr was 91% while control by diclosulam, flumioxazin, pendimethalin, 

and S-metolachlor was less than 80% in all fields (Table 5).  Diclosulam and imazethapyr, 

control of common lambsquarters was 80% or greater at Rocky Mount in 2009 (Table 6).  At 

Rocky Mount in 2010, dimethenamid and pendimethalin control of common lambsquarters 

was 88 and 83%, respectively (Table 6).  Palmer amaranth control by fomesafen, 

flumioxazin, imazethapyr, and S-metolachlor was greater than 85% in all experiments (Table 

7).     

Experiment 2.  Influence of delayed applications on postemergence herbicide spray 

solutions.  Broadleaf signalgrass control by clethodim was influenced by the main effect of 

mixing interval (Table 8).  In contrast, mixing interval did not affect broadleaf signalgrass 

control by imazapic (Table 8).  Common ragweed control by acifluorfin and yellow nutsedge 

control by imazapic was not affected by the interaction of experiment by mixing interval or 

the main effect of mixing interval (Table 8).  Broadleaf signalgrass was controlled 95, 96, 96, 

and 92% by clethodim with spray solution mixed the day of application and 2, 4, or 6 days 

prior to application, respectively (Table 9).   

Broadleaf signalgrass control by glufosinate, glyphosate, imazethapyr, and paraquat 

was not affected by mixing interval (Table 10).  Although entireleaf morningglory control by 
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glufosinate, glyphosate, imazethapyr, and lactofen was not affected by mixing interval, there 

was an experiment by mixing interval interaction for atrazine (Table 10).  At 2 of 3 locations, 

entireleaf morningglory was controlled completely by atrazine (Table 11).  However, 

entireleaf morningglory was controlled 90, 80, 76, and 70% by atrazine at Clayton with spray 

solution mixed the day of application, and 3, 6, and 9 days prior to application, respectively 

(Table 11).   

Palmer amaranth control was not influenced by the interaction of experiment and 

mixing interval or the main effect of mixing interval for atrazine, dicamba, glufosinate, 

glyphosate, and imazethapyr (Table 10).  However, the interaction of experiment and mixing 

interval was significant for Palmer amaranth control by lactofen and paraquat (Table 10).  In 

1 of 4 experiments, Palmer amaranth control by lactofen was reduced 6 to 10 percentage 

points when lactofen remained in spray solution 3, 6, or 9 days compared with application 

the day spray solution was prepared (Table 12).  However, at Clayton field 2 and Rocky 

Mount, Palmer amaranth control by lactofen prepared 6 or 9 days prior to application was 2 

to 12 percentage points higher than lactofen prepared the day of  application (Table 12).  

Palmer amaranth control by paraquat was influenced by the interaction of experiment 

and number of days paraquat was mixed prior to application (Table 10).  At Rocky Mount, 

Palmer amaranth control was reduced 6% when paraquat remained in spray solution for 3 

days compared with spray solution prepared the day of application (Table 13).   

Experiment 3.  Influence of weed size and delayed applications of postemergence 

herbicides.   Percent fresh weight reduction of Palmer amaranth by atrazine, dicamba, 

glufosinate, glyphosate, imazethapyr, lactofen, paraquat, and 2,4-D was not influenced by the 
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interaction of experiment and mixing interval or the main effect of mixing interval (Table 

14). 

The interaction of experiment and mixing interval was significant for visible control 

of broadleaf signalgrass by clethodim (Table 14).  Efficacy of clethodim was not affected 

when spray solution was prepared 4 or 8 days prior to application compared with application 

the day solution was prepared regardless of application timing (Table 16).  At Rocky Mount 

field 2, control of broadleaf signalgrass by clethodim applied at the 1100 g/ha rate 4 days 

past the optimum weed size for control was reduced 6 to 8 percentage points (Table 16).  At 

all locations, broadleaf signalgrass was controlled by clethodim at the 1100 g/ha rate 8 days 

past the optimum weed size for control 6 to 19 percentage points less than clethodim applied 

at the optimum time of weed control (Table 16).  The main effect of mixing interval for 

broadleaf signalgrass fresh weight reduction by clethodim was significant (Table 14). 

Broadleaf signalgrass control, based on fresh weight reduction, was 97% to 98% when 

clethodim was applied at the optimum time for weed control (Table 17).   However, fresh 

weight reduction decreased 9 and 23 to 26 percentage points when clethodim was applied 4 

and 8 days past the optimum weed size for control, respectively (Table 17).   Broadleaf 

signalgrass control was the same regardless of clethodim rate.   

Visible control of common ragweed by glyphosate was influenced by the interaction 

of mixing interval and experiment (Table 14).  At Lewiston-Woodville field 1, glyphosate 

prepared 8 days prior to application controlled common ragweed 7% greater than glyphosate 

prepared the day of application (Table 18).  At Lewiston-Woodville field 2, glyphosate 
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applied 4 days past the optimum weed size controlled common ragweed 6 to 10 percentage 

points greater than when glyphosate was applied at the optimum time of weed control (Table 

18).  Common ragweed control was similar when comparing glyphosate rates.    

Visible control of common ragweed by glufosinate was not influenced by the 

interaction of mixing interval and experiment or the main effect of mixing interval (Table 

14).  Common ragweed control by lactofen was not influenced by the interaction of mixing 

interval and experiment but was significant for the main effect of mixing interval (Table 14).  

Lactofen applied at 1460 g/ha 4 days after the optimum weed size for control, controlled 

common ragweed 4% less than lactofen applied at 1100 g/ha at the optimum weed size for 

control (Table 19).  However, lactofen applied at 1460 g/ha 8 days after the optimum weed 

size for control, controlled common ragweed 2% greater than lactofen applied at the 

optimum weed size for control (Table 19).   

The main effect of mixing interval was significant for Palmer amaranth control by 

atrazine (Table 14).  Efficacy of atrazine when left in spray solution for 4 or 8 days prior to 

applicaiton was not affected (Table 20).   Palmer amaranth control was reduced 17 

percentage points when atrazine was applied 8 days past the optimum weed size for control 

(Table 20).  Increasing the atrazine rate to 1460 g/ha did not increase Palmer amaranth 

control when compared to the 1100 g/ha rate applied 4 or 8 days past the optimum weed size 

for control (Table 20).   

Palmer amaranth control by dicamba was influenced by the interaction of mixing 

interval and experiment (Table 14).   Dicamba efficacy was not affected when spray solution 
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was prepared 4 or 8 days prior to application compared with application the day solution was 

prepared (Table 21).  Dicamba applied at the 300 g/ha rate 8 days past the optimum weed 

size was 17 to 20 percentage points less effective than application at the optimum weed size 

for control (Table 21). Palmer amaranth control using dicamba applied at the 300 g/ha rate 

was similar to dicamba applied at the 400 g/ha rate.     

Palmer amaranth control by glyphosate was influenced by the interaction of mixing 

interval and experiment (Table 14).  Glyphosate efficacy was not affected when spray 

solution was prepared 4 or 8 days prior to application compared with application the day 

solution was prepared (Table 18).  Palmer amaranth control at Rocky Mount field 1 by 

glyphosate applied 4 and 8 days past the optimum weed size for control was 2 to 3 

percentage points less effective than application at the optimum timing (Table 18).  

Glyphosate at 1463 g/ ha did not consistently increase Palmer amaranth control compared to 

glyphosate at 1100 g/ha irrespective of timing of application (Table 18).  At Rocky Mount 

field 2, complete control of Palmer amaranth was observed for all treatments.  

Palmer amaranth control by glufosinate was influenced by the interaction of mixing 

interval and experiment (Table 14).  Glufosinate efficacy was not affected when spray 

solution was prepared 4 or 8 days prior to application compared with application of spray 

solution prepared the day of application (Table 22).  At Rocky Mount field 1, Palmer 

amaranth control was 13 to 15 percentage points less when glufosinate was applied 8 days 

past the optimum weed size for control (Table 22).  However, in the second experiment 

Palmer amaranth control by glufosinate applied 4 and 8 days past the optimum weed size for 
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control was slightly higher than glufosinate applied at the optimum weed size for control 

(Table 22).  Glufosinate rate did not influence Palmer amaranth control.     

Palmer amaranth control by imazethapyr was not influenced by the interaction of 

mixing interval and experiment (Table 14).  However, Palmer amaranth control by 

imazethapyr was influenced by the main effect of mixing interval (Table 14).  Imazethapyr 

efficacy was not affected when spray solution was prepared 4 or 8 days prior to application 

compared with application of spray solution prepared the same day (Table 23).  Palmer 

amaranth control was reduced 10 to 13 percentage points when imazethapyr was applied 8 

days past the optimum weed size for control (Table 23).  Palmer amaranth was controlled 

similarly irrespective of imazethapyr rate. 

Palmer amaranth control by lactofen was influenced by the interaction of mixing 

interval and experiment (Table 14).  At Rocky Mount, lactofen mixed 8 days prior to 

application controlled Palmer amaranth 10 percentage points greater than spray solution 

prepared the day of application (Table 24).  At Rocky Mount, Palmer amaranth control was 

reduced 25 to 35 percentage points when lactofen was applied at the 1100 g/ha rate 8 days 

past the optimum weed size for control, however, control was increased 15 to 25 percentage 

points when by lactofen was applied at the 1460 g/ha rate (Table 24).  Palmer amaranth 

control at Falcon was 68% or less for all lactofen treatments.  This may be due to drought 

during the duration of this experiment.   

An interaction of mixing interval and experiment was observed for visual estimates of 

percent Palmer amaranth control by 2,4-D (Table 14).  Efficacy of 2,4-D when left in spray 
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solution for 4 or 8 days was not affected (Table 25).  At Rocky Mount field 1, Palmer 

amaranth control was reduced 18 to 19 percentage points when 2,4-D was applied 8 days past 

the optimum weed size for control (Table 25).  There were no difference in Palmer amaranth 

control at Rocky Mount field 2 when 2,4-D was applied 4 or 8 days past the optimum weed 

size for control.  There was no difference in Palmer amaranth control by 2,4-D regardless of 

rate (Table 25).     

Entireleaf morningglory control by lactofen was influenced by the interaction of 

mixing interval and experiment (Table 15).  At Rocky Mount field 1, entireleaf morningglory 

control by lactofen 4 and 8 days past the optimum weed size for control was 5 to 11 and 32 to 

34 percentages points less when compared to lactofen applied at the optimum weed size for 

control, respectively (Table 26).  However, entireleaf morningglory was controlled by the 

same at Rocky Mount field 2 regardless of the number of days lactofen was applied past the 

optimum weed size for control.  The interaction of mixing interval and experiment and the 

main effect of mixing interval was not significant for entireleaf morningglory control by 

paraquat (Table 15).  

While these data suggest that sporadic changes in herbicide efficacy can occur when 

spray solutions remain in the tank for extended periods of time, a complete weed control 

failure across all experiments and all weed species did not occur.  Stewart et al. (2009) also 

reported sporadic differences in weed control when herbicide solutions were prepared at 

various intervals prior to application, and there was no complete weed control failure in their 

research even though reductions in weed control were noted.  In several instances, weed 
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control increased when spray solution was prepared for an extended period of time prior to 

application.  These experiments were conducted using a municipality water source with pH 

6.7 and relatively low water hardness.  Results may have differed considerably if a different 

source of water was used (Stahlman and Phillips, 1979; Buhler et al., 1983).  However, 

experiments were conducted using plastic spray bottles allowing adequate agitation to restore 

spray solutions immediately prior to application.  Farmers and commercial applicators may 

not have the capability to return herbicide completely into solution after remaining in the 

spray tank for extended periods of time.     
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Table 1.  Preemergence herbicide experiment soil conditions and first activating rainfall. 

Location Year Field 

Soil moisture at 

application 

Days after application to at least 

0.6 cm rainfall 

Rocky Mount  2009 E4A Dry 11 

Rocky Mount  2009 E4B Good 10 

Clayton 2009 W4 Excellent 1 

Rocky Mount  2010 B13A Excellent 2 

Rocky Mount 2010 B13B Good 11 
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Table 2.  P > F in Experiment 1 for broadleaf signalgrass, common lambsquarters, entireleaf morningglory, and Palmer 

amaranth control 6 weeks after application of diclosulam, dimethenamid, flumioxazin, fomesafen, imazethapyr, 

pendimethalin, and S-metolachlor
 
applied preemergence as influenced by main effects of mixing interval, herbicides, and 

locations. 

Source Broadleaf 

signalgrass 

 Common 

lambsquarters 

 Entireleaf 

morningglory 

 Palmer 

amaranth 

 
_____________________________________

p value
_______________________________________

 

Experiment (Exp) <0.0001  0.1080  <0.0001  0.1509 

Mixing interval (Interval) 0.2530  0.4280  0.0162  0.3253 

Herbicide (Herb) <0.0001  <0.0001  <0.0001  <0.0001 

Interval*Herb 0.7944  0.7180  0.5660  0.1990 

Exp*Interval 0.0769  0.1924  0.6231  0.7134 

Exp*Herb <0.0001  0.0002  <0.0001  0.0031 

Exp*Interval*Herb 0.1886  0.3822  0.3111  0.3754 

Coefficient of variation ( %) 25.4  33.5  28.4  14.7 

No. of Locations 5  2  3  3 
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Table 3. Entireleaf morningglory control 6 WAT as influenced by the mixing 

interval in Experiment 1.
a 

Mixing interval Entireleaf morningglory control 

days % 

0 59 b 

3 64 ab 

6 62 b 

9 68 a 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.  

Data pooled over herbicides and experiments. 
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Table 4. Broadleaf signalgrass control 6 WAT as influenced by the interaction of location and herbicide in Experiment 1.
a
   

 2009  2010 

Herbicide 

Rocky Mount 

Field E4A 

Rocky Mount 

Field E4B Clayton FieldW4 
 

Rocky Mount 

Field B13A 

Rocky Mount 

Field B13B 

 
_____________________________________________________________

%
_______________________________________________________________

 

Diclosulam 65 c 58 bc 51 b  86 bcd 73 bc 

Dimethenamid 92 a 80 a 81 a  93 a 87 ab 

Flumioxazin 73 bc 61 bc 39 bc  87 abc 64 cd 

Fomesafen 68 bc 34 d 29 c  81 cd 51 d 

Imazethapyr 74 b 44 cd 75 a  92 ab 55 d 

Pendimethalin 57 d 74 ab 83 a  79 d 62 cd 

S-metolachlor 91 a 81 a 86 a  92 ab 94 a 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.  Data are pooled over interval of 

mixing. 
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Table 5. Entireleaf morningglory control 6 WAT as influenced by the interaction of location and 

herbicide in Experiment 1.
a 

 Rocky Mount 

 2009 

 

2010 

Herbicide Field E4A Field B13A Field B13B 

 
________________________________________

%
__________________________________________

 

Diclosulam 43 d  68 c 50 c 

Dimethenamid 60 c  86 ab 59 bc 

Flumioxazin 28 e  68 c 50 c 

Fomesafen 73 b  90 a 83 a 

Imazethapyr 91 a  91 a 73 ab 

Pendimethalin 29 e  71 c 56 bc 

S-metolachlor 43 d  75 bc 49 c 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.   Data are 

pooled over interval of mixing. 
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Table 6. Common lambsquarters control 6 WAT as influenced by the interaction of location and herbicide in 

Experiment 1.
a
   

 Rocky Mount 

Herbicide 2009, Field E4B 2010, Field B13A 

 
_______________________________________________

%
____________________________________________________

 

Diclosulam  80 ab  63 b 

Dimethenamid 66 bcd 88 a 

Flumioxazin 58 cd 46 b 

Fomesafen 55 d 57 b 

Imazethapyr 85 a 61 b 

Pendimethalin 71 abc 83 a 

S-metolachlor 75 ab 58 b 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.   Data are pooled over interval 

of mixing. 
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Table 7. Palmer amaranth control 6 WAT as influenced by the interaction of location and herbicide in 

Experiment 1.   

  Clayton  Rocky Mount  

Herbicide Field W2  Field B13A Field B13B 

 
 _______________________________________________

%
_______________________________________________

 

Diclosulam 69 c  84 bc 84 c 

Dimethenamid 83 b  83 c 84 c 

Flumioxazin 96 a  95 a 93 ab 

Fomesafen 88 ab  91 ab 87 bc 

Imazethapyr 96 a  98 a 98 a 

Pendimethalin 90 ab  83 bc 71 d 

S-metolachlor 94 a  92 a 86 bc 

a
Means within a column followed by the same letter are not significantly different at p ≤ 0.05.   Data are 

pooled over interval of mixing. 
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Table 8.  P > F in Experiment 2 for broadleaf signalgrass, common ragweed, and yellow nutsedge control 3 WAT 

by acifluorfin, clethodim, and imazapic mixed the day of application and 2, 4, and 6 days prior to application. 

Source Broadleaf signalgrass Common ragweed Yellow  nutsedge 

 
_____________________________________

p-value
_____________________________________

 

Acifluorfin    

Experiment (Exp) - 0.2644 - 

Interval of mixing  (Interval) - 0.6704 - 

Exp*Interval - 0.5852 - 

Coefficient of variation (%) - 11.5 - 

     Number of  Experiments - 2 - 

Clethodim    

Experiment (Exp) <0.0001 - - 

Interval of mixing (Interval) 0.0388 - - 

Exp*Interval 0.8790 - - 

Coefficient of variation (%) 3.3 - - 

     Number of  Experiments 2 - - 

Imazapic    

Experiment (Exp) 0.2227 - 0.2862 

Interval of mixing (Interval) 0.9443 - 0.2737 

Exp*Interval 0.4797 - 0.7414 

Coefficient of variation (%) 9.7 - 8.2 

     Number of  Experiments 2 -   2 
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Table 9.  Postemergence broadleaf signalgrass control 3 WAT by clethodim spray solution 

prepared the day of application and 2, 4, and 6 days prior to application in Experiment 2.
a 

Mixing interval Broadleaf signalgrass control 

Days % 

0 95 ab 

2 96 a 

4 96 a 

6 92 b 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p 

≤ 0.05.  Data are pooled over experiments.   
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Table 10.  P > F in Experiment 2 for broadleaf signalgrass, entireleaf morningglory, and Palmer amaranth 

control by atrazine, dicamba, glufosinate, glyphosate, imazethapyr, lactofen, and paraquat mixed the day of 

application and 3, 6, and 9 days prior to application. 
Source Broadleaf signalgrass Entireleaf 

morningglory 

Palmer amaranth 

 
________________________________

p-value
____________________________

 

Atrazine    

Experiment (Exp) - <0.0001 <0.0001 

Interval of mixing (Interval) - <0.0001 0.9487 

Exp*Interval - <0.0001 0.9371 

Coefficient of variation (%) - 2.3 5.8 

     Number of  Experiments - 3 3 

Dicamba    

Experiment (Exp) - - <0.0001 

     Interval of mixing (Interval) - - 0.4368 

Exp*Interval - - 0.5953 

Coefficient of variation (%) - - 4.7 

     Number of  Experiments - - 3 

Glufosinate    

Experiment (Exp) 0.0009 0.0005 0.7990 
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Table 10 Continued    

    
Interval of mixing (Interval) 0.4921 0.0590 0.4534 

Exp*Interval 0.6589 0.2585 0.5410 

Coefficient of variation (%) 23.7 5.8 31.6 

     Number of  Experiments 3 2 2 

Glyphosate    

Experiment (Exp) <0.0001 <0.0001 <0.0001 

Interval of mixing (Interval) 0.9833 0.1872 0.1578 

Exp*Interval 0.0552 0.5851 0.2245 

Coefficient of variation (%) 3.1 13.4 8.6 

     Number of  Experiments 3 3 2 

Imazethapyr    

Experiment (Exp) 0.4858 0.0002 <0.0001 

Interval of mixing (Interval) 0.4208 0.6400 0.4380 

Exp*Interval 0.1036 0.8226 0.8752 

Coefficient of variation (%) 6.5 8.0 8.8 

     Number of  Experiments 3 2 2 
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Table 10 Continued    

Lactofen    
Experiment (Exp) - 0.0007 <0.0001 

Interval of mixing (Interval) - 0.1509 <0.0001 

Exp*Interval - 0.4612 <0.0001 

Coefficient of variation (%) - 5.3 3.1 

     Number of  Experiments - 2 4 

Paraquat    

Experiment (Exp) 0.0206 - <0.0001 

Interval of mixing (Interval) 0.8982 - 0.0298 

Exp*Interval 0.2209 - 0.0413 

Coefficient of variation (%) 4.3 - 1.9 

     Number of  Experiments 2 - 3 
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Table 11.  Entireleaf morningglory control by atrazine mixed the day of application and 3, 6, and 9 

days prior to application in Experiment 2.
a 

Interval between mixing       

and application 

Entireleaf morningglory control 

Clayton Lewiston-

Woodville 

Rocky Mount 

days 
__________________________________

%
___________________________________

 

0 90 a 100 a 100 a 

3 80 b 100 a 100 a 

6 76 b 100 a 100 a 

9 70 c 100 a 100 a 

a
Means within a column followed by the same letter are not different according to Fisher’s 

Protected LSD test at p ≤ 0.05. 
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Table 12.  Palmer amaranth control by lactofen prepared the day of application and 3, 6, and 9 days prior to 

application in Experiment 2.
a 

Interval between 

mixing and 

application 

Palmer amaranth control 

Clayton   

Lewiston Rocky Mount Field 1 Field 2  

days 
__________________________________________________

%
____________________________________________

 

0 90 a 98 b  95 a 85 b 

3 80 b 97 b  96 a 83 b 

6 84 b 100 a  95 a 97 a 

9 83 b 100 a  96 a 95 a 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD at p 

≤ 0.05. 
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Table 13.  Influence of delayed applications of spray solution on Palmer amaranth control by paraquat in 

Experiment 2.
a 

Interval between mixing          

and application 

Palmer amaranth control 

Rocky Mt Lewiston Clayton, Field 1 

days 

_____________________________________
%

__________________________________
 

0 96 a 100 a 97 a 

3 90 b 98 a 98 a 

6 95 a 98 a 99 a 

9 94 a 100 a 97 a 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test 

at p ≤ 0.05. 
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Table 14.  P > F in Experiment 3 for broadleaf signalgrass, common ragweed, and Palmer amaranth control by atrazine, clethodim dicamba, glufosinate, 

glyphosate, imazethapyr, lactofen, paraquat and 2,4-D applied at optimum weed size for control, 4 and 8 days after optimum weed size using spray solution 

mixed the day of application and 4 or 8 days prior to application. 

 Broadleaf signalgrass  Common ragweed  Palmer amaranth 

Source Visual control Percent 

reduction in 

fresh weight 

 Visual control Percent 

reduction in 

fresh weight 

 Visual control Percent 

reduction in 

fresh weight 

 
_______________________________________________________________________

p value
__________________________________________________________________ 

Atrazine         

  Experiment (Exp) - -  - -  0.1150 <0.0001 

  Interval of Mixing (Interval) - -  - -  0.0008 0.0958 

  Exp*Interval - -  - -  0.0709 0.0673 

  Coefficient of variation (%) - -  - -  15.5 5.6 

Clethodim         

  Experiment (Exp) <0.0001 0.0125  - -  - - 

  Interval of Mixing (Interval) <0.0001 <0.0001  - -  - - 

  Exp*Interval 0.0054 0.1501  - -  - - 

  Coefficient of variation (%) 3.7 44.9  - -  - - 

Dicamba         

  Experiment (Exp) - -  - -  <0.0001 0.0762 

  Interval of Mixing (Interval) - -  - -  <0.0001 0.5897 

  Exp*Interval - -  - -  0.0132 0.2931 

  Coefficient of variation (%) - -  - -  6.3 43.2 

Glyphosate         

  Experiment (Exp) - -  <0.0001 0.0274  <0.0001 <0.0001 

  Interval of Mixing (Interval) - -  <0.0001 0.0763  0.0244 0.0876 

  Exp*Interval - -  0.0005 0.6190  0.0244 0.0876 

  Coefficient of variation (%) - -  3.3 10.6  1.3 68.1 

Glufosinate         

  Experiment (Exp) - -  0.3020 0.2539  <0.0001 <0.0001 

  Interval of Mixing (Interval) - -  0.7759 0.6380  0.0039 0.7557 

  Exp*Interval - -  0.4228 0.4885  <0.0001 0.9678 

  Coefficient of variation (%) - -  1.8 17.5  6.1 11.2 
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Table 14 Continued         
Imazethapyr         

  Experiment (Exp) - -  - -  <0.0001 <0.0001 

  Interval of Mixing (Interval) - -  - -  0.0002 0.0627 

  Exp*Interval - -  - -  0.1537 0.06600 

  Coefficient of variation (%) - -  - -  7.6 101.1 

Lactofen         

  Experiment (Exp) - -  0.1236 0.0007  <0.0001 <0.0001 

  Interval of Mixing (Interval) - -  0.0164 0.0688  0.0003 0.6204 

  Exp*Interval - -  0.6671 0.1361  <0.0001 0.5673 

  Coefficient of variation (%) - -  4.0 9.4  10.2 49.0 

Paraquat         

  Experiment (Exp) - -  - -  0.8812 <0.0001 

  Interval of Mixing (Interval) - -  - -  0.4564 0.0553 

  Exp*Interval - -  - -  0.4403 0.0513 

  Coefficient of variation (%) - -  - -  12.0 53.8 

2,4-D         

  Experiment (Exp) - -  - -  0.1666 0.0001 

  Interval of Mixing (Interval) - -  - -  0.0008 0.9257 

  Exp*Interval - -  - -  0.0453 0.7756 

  Coefficient of variation (%) - -  - -  7.6 63.6 
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Table 15.  P > F in Experiment 3 for entireleaf morningglory control by lactofen and paraquat applied 

at optimum weed size for control, 4 and 8 days after optimum weed size using spray solution mixed the 

day of application and 4 or 8 days prior to application. 

Source Enireleaf morningglory visual control 

 p-value 

Lactofen  

  Experiment (Exp) <0.0001 

  Interval of Mixing (Interval) <0.0001 

  Exp*Interval <0.0001 

  Coefficient of variation (%) 5.6 

Paraquat  

  Experiment (Exp) <0.0001 

  Interval of Mixing (Interval) 0.5920 

  Exp*Interval 0.4123 

  Coefficient of variation (%) 3.3 
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Table 16. Broadleaf signalgrass control 4 weeks after optimum weed size for control by clethodim applied at optimum weed 

size for control, 4 and 8 days after optimum weed size using spray solution mixed the day of application and 4 or 8 days prior 

to application in Experiment 3.
a
 

   Broadleaf signalgrass control 

Days application past 

optimum weed size 

Days product mixed 

prior to application Rate 

Rocky Mount 

Field 1  Field 2 

days days g/ha 
_________________________

%
________________________

 

0 0 1100 96 abc  94 a 

0 0 1460 98 a  93 ab 

4 0 1100 93 cd  88 bc 

4 4 1100 94 bc  86 c 

4 0 1460 97 ab  88 abc 

8 0 1100 90 de  75 d 

8 8 1100 88 e  79 d 

8 0 1460 90 de  76 d 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test  at p ≤ 0.05.   
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Table 17. Broadleaf signalgrass fresh weight reduction using clethodim applied at optimum weed size for control, 4 

and 8 days after optimum weed size using spray solution mixed the day of application and 4 or 8 days prior to 

application in Experiment 3.
a 

   Broadleaf signalgrass 

Days application past 

optimum weed size 

Days product mixed prior 

to application Rate Fresh weight reduction 

days days g/ha % 

0 0 1100 97 a 

0 0 1460 98 a 

4 0 1100 88 b 

4 4 1100 88 b 

4 0 1460 90 b 

8 0 1100 74 cd 

8 8 1100 71 d 

8 0 1460 76 c 

a
 Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data 

pooled over two locations. 
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Table 18.  Common ragweed and Palmer amaranth control 4 weeks after optimum weed size for control by glyphosate applied at 

optimum weed size for control, 4 and 8 days after optimum weed size using spray solution mixed the day of application  and 4 or 8 

days prior to application in Experiment 3.
a 

Days application 

past optimum 

weed size 

Days product 

mixed prior to 

application 

 Lewiston-Woodville  Rocky Mount 
 Common ragweed control  Palmer amaranth control 

Rate Field 1 Field 2  Field 1 Field 2 

days days g/ha 
______________________________________

%
_____________________________________

 

0 0 870 97 ab 89 c  99 a 100 a 

0 0 1130 95 ab 96 ab  100 a 100 a 

4 0 870 96 ab 95 ab  97 bc 100 a 

4 4 870 98 a 99 a  96 c 100 a 

4 0 1130 98 a 99 a  97 bc 100 a 

8 0 870 86 c 88 c  96 c 100 a 

8 8 870 93 ab 91 bc  96 c 100 a 

8 0 1130 92 bc 96 ab  97 bc 100 a 

b
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.   
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Table 19. Common ragweed control 4 weeks after optimum weed size for control by lactofen applied at 

optimum weed size for control, 4 and 8 days after optimum weed size using spray solution mixed the day 

of application  and 4 or 8 days prior to application in Experiment 3.
a 

Days application past 

optimum   weed size 

Days product    mixed 

prior to     application Rate Common ragweed control 

days days g/ha % 

0 0 220 97 abc 

0 0 290 94 abc 

4 0 220 93 cd 

4 4 220 95 bcd 

4 0 290 93 d 

8 0 220 97 abc 

8 8 220 97 abc 

8 0 290 99 a 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  

Data pooled over two locations. 
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Table 20. Palmer amaranth control 4 weeks after optimum weed size for control by atrazine applied at optimum weed size for 

control, 4 and 8 days after optimum weed size using spray solution mixed the day of application and 4 or 8 days prior to 

application in Experiment 3.
a 

Days application past optimum weed 

size 

Days product mixed prior 

to application Rate Palmer amaranth control 

days days g/ ha % 

0 0 1100 
 

85 a 

0 0 1460 88 a 

4 0 1100 79 ab 

4 4 1100 87 a 

4 0 1460 76 abc 

8 0 1100 68 bc 

8 8 1100 68 bc 

8 0 1460 66 c 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data are pooled over 

2 experiments. 
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Table 21.  Palmer amaranth control 4 weeks after optimum weed size for control by dicamba applied at optimum weed size 

for control, 4 and 8 days after optimum weed size using spray solution mixed the day of application  and 4 or 8 days prior to 

application in Experiment 3.
a 

Days application 

past optimum weed 

size 

Days product 

mixed prior to 

application 

 Palmer amaranth control 

Rate 

Rocky Mount 

Field 1  

Rocky Mount  

Field 2 

days days g/ha 
__________________________

%
___________________________

 

0 0 280 88 ab  89 bcd 

0 0 360 93 a  91 abcd 

4 0 280 85 abc  93 ab 

4 4 280 80 bc  91 abc 

4 0 360 83 bc  98 a 

8 0 280 71 de  84 d 

8 8 280 68 e  85 cd 

8 0 360 79 cd  86 bcd 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.   
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Table 22.  Palmer amaranth control 4 weeks after optimum weed size for control by glufosinate applied at optimum weed size for 

control, 4 and 8 days after optimum weed size using spray solution mixed the day of application  and 4 or 8 days prior to application 

in Experiment 3.
a 

Days application    past 

optimum weed size 

Days product     mixed 

prior to application 

 Palmer amaranth control 

Rate 

Rocky Mount  

Field 1  

Rocky Mount  

Field 2 

days days g/ha 
____________________________

% 
__________________________

 

0 0 500 86 ab  70 b 

0 0 665 90 a  75 ab 

4 0 500 86 ab  75 ab 

4 4 500 85 ab  75 ab 

4 0 665 89 ab  80 a 

8 0 500 73 c  78 ab 

8 8 500 71 c  80 a 

8 0 665 85 b  80 a 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.   



45 

 

 

 

Table 23. Palmer amaranth control 4 weeks after optimum weed size for control by imazethapyr applied at optimum weed size for 

control, 4 and 8 days after optimum weed size using spray solution mixed the day of application and 4 or 8 days prior to application 

in Experiment 3.
a 

Days application past        

optimum weed size 

Days product mixed      prior 

to application Rate Palmer amaranth control 

days days g/ha % 

0 0 70 87 ab 

0 0 93 89 a 

4 0 70 85 ab 

4 4 70 83 abc 

4 0 93 82 bc 

8 0 70 77 cd 

8 8 70 74 d 

8 0 93 78 cd 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05. Data pooled over two 

locations.    
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Table 24.  Palmer amaranth control 4 weeks after optimum weed size for control by lactofen applied at optimum weed size for 

control, 4 and 8 days after optimum weed size using spray solution mix the day of application and 4 or 8 days prior to application in 

Experiment 3.
a 

Days application past 

optimum   weed size 

Days product mixed 

prior to application 

 Palmer amaranth control 

 

Rocky Mount 

 

Falcon Rate  

days days g/ha 
____________________________

%
____________________________

 

0 0 220 93 ab  67 ab 

0 0 290 97 a  53 b 

4 0 220 88 bc  67 ab 

4 4 220 89 abc  57 ab 

4 0 290 97 a  57 ab 

8 0 220 58 e  68 ab 

8 8 220 68 d  57 ab 

8 0 290 83 c  72 a 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.   

 



47 

 

Table 25.  Palmer amaranth control 4 weeks after optimum weed size for control by 2,4-D applied at optimum weed size for control, 

4 and 8 days after optimum weed size using spray solution mixed the day of application and 4 or 8 days prior to application in 

Experiment 3.
a 

Days application  past 

optimum weed size 

Days product        mixed 

prior to application 

Rate Palmer amaranth control 

Rocky Mount  

Field 1 

 Rocky Mount  

Field 2 

days days g/ha 
__________________________

%
___________________________

 

0 0 530 94 a  96 a 

0 0 705 94 a  84 a 

4 0 530 86 b  86 a 

4 4 530 90 ab  89 a 

4 0 705 90 ab  88 a 

8 0 530 76 c  86 a 

8 8 530 75 c  86 a 

8 0 705 79 c  88 a 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.   
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Table 26.  Entireleaf morningglory control  4 weeks after optimum weed size for control by lactofen applied at optimum weed 

size for control, 4 and 8 days after optimum weed size using spray solution mixed the day of application  and 4 or 8 days prior 

to application in Experiment 3.
a 

Days application 

past optimum 

weed size 

Days product 

mixed prior to 

application 

 

Entireleaf morningglory control 

Rocky Mount  

Field 1 

 Rocky Mount 

Field 2 Rate  

days days g/ha 
________________________________

%
________________________________

 

0 0 220 90 a  93 a 

0 0 290 89 a  98 a 

4 0 220 79 b  92 a 

4 4 220 85 ab  94 a 

4 0 290 83 ab  96 a 

8 0 220 58 c  93 a 

8 8 220 56 c  98 a 

8 0 290 76 b  98 a 

a
Means within a column followed by the same letter are not different at p ≤ 0.05.   
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Table 27.  P > F in Experiment 3 for Italian ryegrass control by glyphosate, mesosulfuron, 

paraquat, and pinoxaden applied at optimum weed size for control, 4 and 8 days after optimum 

weed size using spray solution mixed the day of application and 4 or 8 days prior to application. 

Source Italian ryegrass control 

 p-value 

Experiment  <0.0001 

Mixing interval <0.0001 

Herbicide <0.0001 

Mixing interval*Herbicide <0.0001 

Experiment*Mixing interval 0.9621 

Experiment*Herbicide <0.0001 

Experiment*Mixing interval*Herbicide 0.0465 
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Performance of Cotton Agrochemicals when Spray Solution Application is Delayed 

P. M. Eure, D. L. Jordan, J. S. Bacheler, A. C. York, and L. R. Fisher

 

Abstract 

When agrochemical spray solutions are prepared, unforeseen circumstances can 

prevent spray solution application, resulting in agrochemical remaining in the spray tank for 

1 day or more.  Information about the impact of delayed applications on agrochemical 

performance is limited.  Experiments were conducted in 2009 and 2010 to determine the 

influence of delayed spray applications on efficacy of defoliants, insecticides, and plant 

growth regulators commonly applied to cotton.  Each agrochemical was mixed individually 

on the day of application and 3, 6, and 9 days prior to application using the same water 

source, and all applications were made on the same day.  Defoliation by ethephon and 

thidiazuron was influenced when products were left in solution for extended periods of time.  

Efficacy of the defoliants carfentrazone, diuron plus thidiazuron, ethephon plus cyclanalide, 

Efficacy of ethephon, indoxacarb, methomyl, spinosad, and thidiazuron was influenced when 

spray solution application was delayed.  Efficacy of acephate, carfentrazone, diuron plus 

thidiazuron, ethephon plus cyclanalide, indoxacarb, lambda-cyhalothrin, lambda-cyhalothrin 

                                                 

 First, second, fourth, and fifth authors: Graduate Research Assistant, Professor, William 

Neal Reynolds Professor Emeritus, and Associate Professor; Department of Crop Science, 

North Carolina State University, Box 7620, Raleigh, NC 27695-7620; third author: 

Professor, Department of Entomology, North Carolina State University, Box 7613, Raleigh, 

NC 27695-7620.  Corresponding author: david_jordan@ncsu.edu. 
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plus thiamethoxam, methomyl, thiadiazuron, and thiodicarb was not affected by mixing 

interval. When changes in efficacy occurred, the magnitude of the effect was relatively minor 

and most likely would be of little biological significance.  

Nomenclature: acephate; carfentrazone; cyclanalide; diuron; ethephon; indoxacarb; lambda-

cyhalothrin; methomyl; spinosad; thidiazuron; thiamethoxam; thiodicarb. 

Keywords: defoliants, delayed sprays, insecticides, plant growth regulators 

Introduction 

Defoliants, insecticides, and plant growth regulators are commonly used in cotton 

production.  Tobacco thrips (Frankliniella fusca Hinds), the heliothis complex which is 

comprised of the tobacco budworm (Heliothis virescens F.) and the bollworm (Helicoverpa 

zea Boddie), and green stink bugs (Acrosternum hilare Say) and brown stink bugs 

(Euschistus servus Say) are major insect pests in cotton that may reduce yield and lint quality 

(Leonard et al. 1999).  Tobacco thrips are sucking pests and are especially troublesome early 

in the season when plants are young and susceptible to injury.  Thrips feeding results in 

chlorosis, necrosis, and plant deformation and subsequent maturity delays and yield loss 

(Leonard et al. 1999).  Seed treatments, in-furrow insecticides, and foliar applied insecticides 

are used to control tobacco thrips (Cook et al. 2003).  Bollworms and tobacco budworms 

burrow into cotton squares and bolls causing squares to abort and bolls to rot (Bell 1999; 

Leonard et al. 1999).  Control of the heliothis complex may include transgenic cotton 

containing Cry1A(c) and Cry2A(b)2 (Bollgard II)  and Cry1A(c) plus Cry1F (Widestrike) 
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genes for Bacillus thuringiensis (Bt) endotoxin production, chemical control, or a 

combination of these methods (Hamilton et al. 2004).  Stink bug feeding may cause young 

bolls to abort and stain the lint of older bolls or transmit organisms that cause boll rot and 

hard lock (Bell 1999).  Stink bugs may not be problematic in fields where insecticides have 

been applied, however; stink bug populations may be excessive in fields not treated with 

insecticide (Leonard et al. 2001; Bacheler 2010).   

Cotton plant growth regulators reduce vegetative growth, increases fruit retention, 

and may lead to increased lint yield (Silvertooth et al. 1999; Cothren and Oosterhuis 2010; 

Edminsten 2010a).  Mepiquat chloride and mepiquat pentaborate are commonly used cotton 

plant growth regulators.  Mechanization of cotton harvesting increased the need for cotton 

defoliation prior to harvest (Crawford et al. 2001).  Without adequate defoliation, mechanical 

harvesters may take in excessive leaf and plant parts and led to cotton lint staining (Crawford 

et al. 2001).  Defoliants containing carfentrazone, diuron, ethephon, and thidiazuron are 

currently available for use in cotton.   

When agrochemical spray solutions are prepared, unforeseen circumstances such as 

wind, rain, and equipment failure can prevent spray solution application, resulting in 

agrochemical remaining in the spray tank for 1 day or more.    Although pesticides may be 

left in the spray tank for several days, there is little published research concerning 

agrochemical efficacy when left in spray solution for extended periods of time.  When 

agrochemical applications are delayed there is the possibility that agrochemicals could be 

influenced when they remain in the tank for an extended period of time.  Permethrin 
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remaining in ultra-low volume spray tanks for 4 months averaged 55.5% degradation of the 

product when analyzed by gas chromatography (Xue et al. 2008).  In corn (Zea mays L.), 

tank mixes of dimethenamid plus dicamba plus atrazine, isoxaflutole plus atrazine, and 

rimsulfuron plus S-metolachlor plus dicamba mixed 1 or more days prior to application 

resulted in reduced weed control (Stewart et al. 2009).  The efficacy of agrochemicals used in 

cotton is poorly understood when left in spray solution for extended periods of time.  

Therefore, the objective of this research was to determine the effect of mixing interval on 

efficacy of cotton defoliants, insecticides, and plant growth regulators commonly applied to 

cotton. 

Materials and Methods 

General Methodology. Field experiments were conducted in North Carolina during 2009 

and 2010 at the Peanut Belt Research Station near Lewiston-Woodville and the Upper 

Coastal Plain Research Station near Rocky Mount.  Soil at Rocky Mount was a Norfolk 

loamy sand (fine-loamy, kaolinitic, thermic Typic Kandiudults); soil at Lewiston-Woodville 

was a Goldsboro sandy loam (fine-loamy, siliceous, subactive, thermic Aquic Paleudults). 

Insecticides, plant growth regulators, and defoliants were mixed individually the day of 

application or 3, 6, and 9 days prior to application, unless otherwise noted.  Spray solutions 

were mixed in plastic spray bottles (3 L volume), sealed for storage in the dark at room 

temperature, and were agitated every third day to bring agrochemicals back into solution.  A 

municipal supply of water in Wake County, NC was used with a pH of 6.7, hardness of 31 

ppm, and concentrations of boron, calcium, magnesium, and zinc of 0.04, 7.3, 0, and 0.06 
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ppm, respectively.  On the day of application, agrochemicals were agitated thoroughly to 

ensure uniform spray solutions.  Plant growth regulators and defoliants were applied using a 

CO2-pressurized backpack sprayer equipped with DG11002 nozzles
1
 space 18 inches apart 

and calibrated to apply 140 L/ha at 210 kPa.  Insecticides were applied using a CO2-

pressurized backpack sprayer equipped with a TX-8 nozzle
2
 calibrated to apply 75 L/ha at 

345 kPa.   

Plot size was two rows (91-cm spacing) by 9 m in conventional tillage using raised 

seed beds.  Production and pest management practices other than specific treatments 

followed North Carolina Cooperative Extension Service recommendation and were held 

constant over the entire experiment.  Seed cotton yield was determined in some, but not all, 

experiments.  The experimental design was a randomized complete block with treatment 

replicated three or four times.  Data for all parameters were subjected to analysis of variance 

(ANOVA) using the PROC GLM procedure in SAS.
3 

 Although included in all experiments, 

non-treated controls were not included in the statistical analysis because the factorial 

treatment structure in the experiments did not include the non-treated control.  The treatment 

of agrochemicals applied the same day solutions were prepared was considered the most 

appropriate control to which to compare other treatments.  However, data for the non-treated 

control are provided as an indication of pest damage and levels in absence of pest control or 

cotton growth without management inputs.  Means of significant main effects and 

interactions were separated using Fisher’s Protected LSD test at p ≤ 0.05. 
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Thrips control.  In 2010, tobacco thrips control using acephate
4
 (280 g ai/ha) was evaluated 

in two separate fields at both Rocky Mount and Lewiston-Woodville (four sites).  Cotton 

cultivars DP 0920 B2RF
5
 and DP 0912 B2RF

6
 were planted at Rocky Mount and Lewiston-

Woodville, respectively, without an in-furrow insecticide or insecticidal seed treatment to 

increase thrips establishment.  Visual estimates of damage from tobacco thrips feeding were 

recorded 10 and 20 days after treatment (DAT) using a 0-5 ordinal scale where 0 = no 

damage, 1 = noticeable feeding but no stunting, 2 = noticeable feeding and 25% stunting, 3 = 

feeding with blackened terminals and 50% stunting, 4 = severe feeding and 75% stunting, 

and 5 = severe feeding and 90% stunting (Carley et al. 2009).  Additionally, five cotton 

plants per plot were collected 5 and 10 DAT and gently placed into glass jars with 250 ml of 

water and 1.0 ml of detergent
7
 and sealed for transportation to the laboratory.  Following 

gentle agitation for 20 seconds, solutions were decanted onto a 250 µm mesh screen
8
.  Jars 

and lids were then rinsed onto the screenthoroughly to remove any remaining thrips.  Plants 

were thoroughly rinsed to separate thrips from plants.  Thrips and small sediment were 

collected on the mesh screen and rinsed from the screen through a funnel into 25-ml vials
9
 

using 70% isopropyl alcohol
10

.  Excess alcohol was decanted from the vials and remaining 

solution, thrips, and sediment were then poured onto a gridded petri dish
11

 and examined 

using a microscope
12

.  The number of nymphs and adult thrips were recorded for each 

sample.  Seed cotton yield was also determined by harvesting each plot using a spindle picker 

modified for small-plot research. 

Bollworm Control.  Bollworm control was evaluated during 2009 and 2010 at Rocky Mount 

using a non-Bt cotton cultivar
13

.  Indoxacarb
14

 (1100 g ai/ha), lambda-cyhalothrin
15

 (30 g 
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ai/ha), lambda-cyhalothrin plus thiamethoxam
16

 (25 g ai/ha plus 19 g ai/ha), methomyl
17

 (490 

g ai/ha), spinosad
18

 (70 g ai/ha), and thiodicarb
19

 (840 g ai/ha) were prepared the day of 

application, and 1, 3, or 7 days prior to application.  Insecticides were applied when cotton 

bollworm eggs or small larvae were found on fruiting structures based on Cooperative 

Extension Service threshold recommendations (Bacheler 2010).  Twenty-five bolls and 

twenty-five squares were removed from each plot 5 DAT and examined for damage and live 

bollworms.  Cotton yield was not determined in this experiment.  Data for damaged bolls and 

squares and live bollworms on bolls and squares were subjected to ANOVA for a six 

(insecticide) by four (mixing interval) factorial treatment arrangement. 

Cotton response to plant growth regulators.  Mepiquat chloride
20

 (30 g ai/ha) and 

mepiquat pentaborate
21

 (1100 g ai/ha) were evaluated during 2009 at Rocky Mount and 

during 2010 in two separate fields at Rocky Mount to determine the influence of delayed 

applications of spray solution on performance of these plant growth regulators.  Mepiquat 

chloride and mepiquat pentaborate were applied to actively growing cotton with a height of 

50 to 60 cm and internode length of at least 6 cm based on Cooperative Extension Service 

recommendations (Edminsten 2010b).  Plant height and the number of nodes were recorded 

from five plants per plot 10 and 20 DAT and used to calculate the height/node ratio.  Cotton 

yield was recorded as previously described. 

Cotton response to defoliants.  Efficacy of the defoliants carfentrazone
22

 (20 g ai/ha), 

diuron plus thidiazuron
23

 (50 g ai/ha plus 100 g ai/ha), ethephon
24

 (1680 g ai/ha), ethephon 

plus cyclanalide
25

 (1370 g ai/ha plus 90 g ai/ha), and thidiazuron
26

 (1700 g ai/ha) was 
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compared in one experiment in 2009 at Lewiston-Woodville on the cotton cultivar DP 0912 

B2RF and 2010 in Rocky Mount on the cotton cultivar DP 0942 B2RF
27

.  Defoliants were 

applied when 50 to 60% of bolls were cracked, based on Cooperative Extension Service 

recommendations (Edminsten 2010b).  Visual estimates of percent defoliation of cotton 

foliage were recorded 10 DAT using a scale of 0 to 100, where 0 = no canopy defoliation and 

100 = all leaves removed from plants.  Cotton yield was also determined as described 

previously. 

Results and Discussion 

Thrips control.  The main effect of mixing interval and the interaction of experiment by 

mixing interval were not significant for visual estimates of tobacco thrips damage 10 and 20 

DAT, populations of immature and adult tobacco thrips 5 and 10 DAT, and seed cotton yield 

(Table 1).  This analysis did not include the non-treated control because the treatment 

associated with applying solutions the day of mixing was considered the more appropriate 

control.  However, thrips damage to cotton seedlings and relatively high populations of thrips 

were noted in non-treated controls (Table 2). The numerical differences between cotton yield 

when acephate was applied compared with when acephate was not applied were relatively 

small (Table 2).  Delayed applications of acephate spray solution mixed up to 9 days prior to 

application did not influence thrips damage at 10 and 20 DAT, thrips populations at 5 and 10 

DAT, and seed cotton yield.  Previous research has shown that acephate controls tobacco 

thrips when applied timely before prolonged feeding by thrips (Leonard et al. 1999).  Also, 

yield response to tobacco thrips damage can be variable.  Application of acephate may 
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prevent yield loss by minimizing damage caused by thrips feeding compared with non-

treated cotton (Layton and Reed 2002).  In contrast, protection from early season thrips 

damage with insecticide may not be necessary if weather conditions are conducive for 

subsequent rapid cotton growth and compensatory fruiting (Layton and Reed 2002).   

Bollworm control.  The interaction of experiment by insecticide by mixing interval was not 

significant for damaged bolls and live bollworms on bolls 5 DAT (Table 3).  However, 

interactions of experiment by mixing interval and experiment by insecticide were significant 

for these parameters (Table 3).  The interaction of insecticides by mixing interval also was 

significant for damaged bolls but not live bollworms.  The interaction of experiment by 

insecticide by mixing interval was significant for damaged squares and live bollworms 

associated with squares (Table 3).  When analyzed by year, the main effect of insecticide was 

significant for damaged squares during both years (Table 4).  However, the interaction of 

insecticide by mixing interval was not significant for damaged squares during both years and 

live bollworms in 2009 (Table 4).  The interaction of insecticide by mixing interval was 

significant for live bollworms in 2010 (Table 4).   

 The number of damaged bolls and live bollworms associated with bolls and squares 

was not affected by mixing interval in 2009 (Table 5).  However, differences in damaged 

bolls and squares and live bollworms associated with damaged bolls were noted among 

mixing intervals in 2010 (Table 5).  The number of damaged bolls was higher when 

insecticide solutions were prepared 3 days prior to application compared with application the 

day of mixing or 6 and 9 days after mixing (Table 5).  No difference in live bollworms 
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associated with bolls was noted when comparing solutions prepared on the same day with 

those prepared 1, 3, or 7 days prior to application (Table 5).  In contrast, mixing insecticides 

1 or 3 days prior to application resulted in a higher number of damaged squares compared 

with applying solutions on the same day of mixing (Table 5).  Although not included in the 

statistical analysis, damage from bollworms on both bolls and squares as well as populations 

of bollworms associated with these fruiting structures were relatively high compared to 

measurements associated with non-treated cotton. 

 When comparing among insecticides, the efficacy of lambda-cyhalothrin, lambda-

cyhalothrin plus thiamethoxam, and thiodicarb was not affected by mixing interval with 

respect to the number of live bollworms associated with squares in 2010 (Table 6).  

However, applying indoxacarb 7 days after mixing resulted in a higher number of bollworms 

compared with application the day of mixing (Table 6).  Methomyl spray solution prepared 1 

day prior to application resulted in a higher number of bollworms when compared with spray 

solution prepared the day of application and 3 or 7 days prior to application (Table 6).   In 

contrast, application of spinosad prepared 1 day prior to application resulted in fewer 

bollworms when compared to spinosad spray solutions prepared the day of application (Table 

6).  Although sporadic differences were noted when comparing efficacy of insecticides 

mixed at different intervals, populations ranged from 0.1 to 1.4 bollworms per 25 squares 

with insecticide treatment compared with 3 to 4.3 bollworms per 25 squares when insecticide 

was not applied.  Consequently, differences noted among insecticide treatments most likely 

are of no biological significance.    
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Plant growth regulator performance.  Cotton height 10 and 20 DAT and number of nodes 

10 DAT were influenced by the interaction of experiment by mixing interval by plant growth 

regulator (Table 7).  The number of nodes 20 DAT was affected by plant growth regulator 

but not by interaction of plant growth regulator and mixing interval (Table 7).  Height:Node 

ratio was not affected by plant growth regulator or mixing interval treatments (Table 7).   

When analyzed by experiment, the main effect of mixing interval and plant growth 

regulator by mixing interval was not significant for plant height and the number of nodes 10 

and 20 DAT regardless of experiment (Table 8).  The interaction of experiment by mixing 

interval by plant growth regulator occurred because of differences in plant growth regulator 

performance at Lewiston-Woodville and Rocky Mount irrespective of mixing interval (Table 

8).  Height 20 DAT and number of nodes 10 and 20 DAT differed when comparing growth 

regulators (Table 9).  Cotton height 20 DAT was 11 cm shorter when mepiquat chloride was 

applied compared to mepiquat pentaborate (Table 9). Similar results were not observed for 

plant height 10 DAT.   Treatments including mepiquat chloride had 1.2 and 0.8 less nodes 

than mepiquat pentaborate 10 and 20 DAT, respectively.   

Defoliant performance.  Cotton defoliation was influenced by the interaction of experiment 

by mixing interval by defoliant (Table 10).  When analyzed by experiment the interaction of 

mixing interval and defoliant was significant at Rocky Mount but not at Lewiston-Woodville 

(Table 11).  At Rocky Mount during 2010, thidiazuron and ethephon efficacy were 

sporadically influenced by mixing interval (Table 12).  Defoliation was 10 % greater using 

the 3-day mix of ethephon than the solution mixed the day of application (Table 12). 
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Defoliation using thidiazuron mixed the day of application and 6 and 9 days prior to 

application had 7 to 16 percentage points higher defoliation then thidiazuron mixed 3 or 6 

days prior to application (Table 12).  When comparing defoliant performance when solutions 

were prepared the day of application at Rocky Mount and Lewiston-Woodville, diuron plus 

thidiazuron was the more effective defoliant, resulting in 98% defoliation (Table 12).  

Ethephon plus cyclanalide defoliated cotton 90 to 91% and was more effective than ethephon 

or thidiazuron alone (Table 12).  Carfentrazone was the least effective defoliant in both 

experiments (Table 12).    

When comparing the insecticides, plant growth regulators, and defoliants over all 

pests and cotton growth parameters, ethephon, indoxacarb, methomyl, spinosad, and 

thidiazuron showed sporadic changes in efficacy due to mixing interval.  However, changes 

were relatively minor and would likely be difficult to notice at the farm level.  In the case of 

ethephon, spray solutions mixed 3 to 9 days prior to application performed better than spray 

solution mixed on the day of application.  These results do not suggest that mixing ethephon 

in advance is advisable but offers reassurance that efficacy is not compromised when 

remaining in the spray tank for up to 9 days provided that adequate agitation is provided.   

These experiments were conducted using a single water source at pH 6.7 with relatively low 

water hardness.  Leaving agrochemicals in spray tanks in water with other characteristics 

might lead to a dramatically different response in performance than observed in these 

experiments.  Results from these experiments also demonstrate variability of biological 

systems and development of results that are difficult to explain even when experimental 
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procedures are implemented to minimize variation and statistical procedures are used to 

account for variation.    
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Table 1.P > F for visual estimates of tobacco thrips damage 10 and 20 days after treatment (DAT), thrips counts per five plants 5 

and 10 DAT, and seed cotton yield when application of acephate was delayed for 3, 6, and 9 days after solution preparation or 

applied the day of solution preparation.   

 

Thrips damage 

 Thrips populations   

 
 5 DAT  10 DAT 

 
Seed 

cotton 

yield Source 10 DAT 20 DAT  Immature Adults  Immature Adults  

 
________________________________________________________

p value
___________________________________________________________ 

Experiment (Exp) <0.0001 0.5928  <0.0001 0.0001  <0.0001 <0.0001  <0.0001 

Mixing interval 

(Interval) 
0.6884 0.4962 

 
0.6470 0.5377 

 
0.7929 0.5715 

 0.5559 

Exp * Interval 0.2814 0.6875  0.4181 0.9389  0.8462 0.3909  0.4425 

Coefficient of 

variation (%) 
26.4 105.4 

 
37.3 108.3 

 
53.3 89.6 

 27.1 

No. of experiments 4 4  4 4  4 4  4 
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Table 2. Visual estimates of tobacco thrips damage 5 and 10 days after treatment (DAT), populations of immature and adult 

tobacco thrips 10 and 20 DAT, and seed cotton yield.
a
 

 

Damage 

 Thrips populations  

Mixing 

Interval 

 5 DAT  10 DAT 

            Seed cotton yield 10 DAT 

20 

DAT  Immature Adults  Immature Adults 

days 
____

Scale 0-5
b____

 
 ___________________________

No./5 plants
_________________________  

kg/ha 

0 1.5 a 1.1 a  33 a 3 a  8 a 4 a  2770 a 

3 1.5 a 1.2 a  30 a 4 a  9 a 3 a  2850 a 

6 1.4 a 1.0 a  27 a 2 a  7 a 3 a  2790 a 

9 1.6 a 1.8 a  29 a 3 a  8 a 3 a  2360 a 

Non-

treated 

control 

2.8 2.6 

 

65 10 

 

33 5 

 

2790 

a
Means within a column followed by the same letter are not different a p ≤ 0.05.  Data for non-treated cotton were not 

included in the analysis.  Data are pooled over four experiments.   

b
Ordinal scale where 0 = no damage, 1 = noticeable feeding but no stunting, 2 = noticeable feeding and 25% stunting, 3 = 

feeding with blackened terminals and 50% stunting, 4 = severe feeding and 75% stunting, and 5 = severe feeding and 90% 

stunting. 
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Table 3. P > F for damage and live bollworms found on cotton bolls and squares 5 days after treatment (DAT). 

 Fruiting structures  

  Bolls  Squares  

Source Damaged Live bollworms  Damaged Live bollworms  

  
__________________________________________

p value
_______________________________________________ 

Experiment (Exp) <0.0001 <0.0001  <0.0001 0.2022  

Mixing Interval (Interval) 0.0337 0.3059  0.2073 0.7417  

Insecticide (Insct) 0.0017 0.0055  0.0044 0.2379  

Interval*Insct 0.0232 0.4484  0.6116 0.2459  

Exp*Interval 0.0051 0.0124  0.1026 0.5372  

Exp*Insct <0.0001 0.0344  <0.0001 0.2563  

Exp*Insct*Interval 0.0954 0.3657  0.0218 0.0161  

Coefficient of       

variation (%) 

42.8 97.4  55.2 136.3  

No. of experiments 2 2  2 2  
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Table 4. P > F for damage and live bollworms found on cotton squares 5 days after treatment (DAT). 

 
2009 

 
2010 

 

Source Damaged Live bollworms Damaged Live bollworms 
 

 
__________________________________________________

p value
_______________________________________________________ 

Mixing Interval (Interval)  
0.6473 0.9177 

 
0.0783 0.43 

 

Insecticide (Insct) 
0.0059 0.3385 

 
0.0002 0.1961 

 

Interval*Insct 
0.4069 0.2747 

 
0.1074 0.0267 

 

Coefficient of       variation 

(%) 
75.3 150.2 

 
45.6 125.3 
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Table 5. Influence of mixing interval on damaged fruit and live bollworms 5 days after treatment (DAT).
a 

 2009  2010 

 Bolls  Squares  Bolls  Squares 

Mixing Interval 

Damaged 

Live 

Bollworms  Damaged 

Live 

Bollworms  Damaged 

Live 

Bollworms  Damaged 

Live 

Bollworms 

days 
________________________________________________

No./25 plant structures
________________________________________________

 

0 2.8 a 0.9 a  2.3 a 0.5 a  7.5 b 1.9 ab  4.6 b 0.6 a 

1 2.3 a 0.8 a  2.2 a 0.5 a  9.2 a 3.0 a  6.5 a 0.9 a 

3 2.5 a 1.1 a  2.0 a 0.5 a  6.6 b 1.5 b  6.3 a 0.5 a 

7 2.3 a 0.7 a  2.7 a 0.6 a  6.9 b 2.7 ab  6.0 ab 0.8 a 

Non-treated 

check 
6 2  3.9 3.0  11.8 3.3  8.3 4.3 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  The non-

treated control was not included in analysis.  Data are pooled over insecticide treatments.     
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Table 6.  Interaction between insecticide and mixing interval on number of live bollworms per 25 squares 5 

days after treatment (DAT) at Rocky Mount during 2010.
a
  

 Live bollworms 

 
Number of days mixed prior to application 

 Insecticide  0 1 3 7 

 

_________________________
No./25 squares

_________________________
 

Indoxacarb  0.1 e 0.4 cde 0.4 cde 1.0 abc 

Lambda-cyhalothrin 

plus thiamethoxam 
0.9 a-d 1.1 ab 0.9 a-d 0.8 a-d 

Lambda-cyhalothrin 0.4 cde 0.5 b-e 0.5 b-e 0.5 b-e 

Methomyl 0.3 de 1.4 a 0.4 cde 0.4 cde 

Spinosad 1.0 abc 0.3 de 0.8 b-e 1.0 abc 

Thiodicarb 0.8 a-d 0.5 b-e 0.4 cde 0.5 b-e 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD at p ≤ 0.05.  Data for 

the non-treated control were not included in the analysis.  
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Table 7.  P > F for cotton plant height, number of nodes, and height to node ratio 10 and 20 days after treatment (DAT) as influenced by 

experiment, mixing interval, and plant growth regulator treatment.  

 
Height 

 

No. of nodes 

 

Height:Node ratio 
 

Seed cotton 

yield 
    

Source 10 DAT 20 DAT  10 DAT 20 DAT  10 DAT 20 DAT   

 
______________________________________________________

p value
______________________________________________________ 

Experiment (Exp) <0.0001 0.1329  0.0003 <0.0001  0.0005 <0.0001  0.2342 

Mixing interval 

(Interval) 

0.2754 0.4148  0.9113 0.8204  0.1334 0.1225  0.4874 

Plant growth regulator 

(PGR) 

0.0036 0.0188  0.0065 0.0140  0.1555 0.3557  0.2845 

Interval*PGR 0.5746 0.1247  0.3198 0.0798  0.9892 0.6586  0.6031 

Exp*Interval 0.0860 0.0691  0.0527 0.6686  0.1855 0.0534  0.3910 

Exp*Interval*PGR 0.0002 0.0098  0.0002 0.3334  0.1160 0.0746  0.8020 

Coefficient of 

variation (%) 

6.9 7.9  7.9 5.9  5.4 7.3  29.1 

No. of experiments 3 3  3 3  3 3  2 
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Table 8.  P > F for cotton plant height and number of nodes 10 and 20 days after treatment (DAT) as influenced by mixing interval and 

plant growth regulator.  

   Lewiston-Woodville  Rocky Mount 

   10 DAT  20 DAT  10 DAT  20 DAT 

Source  Height Nodes  Height Nodes  Height Nodes  Height Nodes 

   
______________________________________________________

p value
___________________________________________________

 

Mixing Interval (Interval)  0.0896 0.2294  0.0678 0.9094  0.2358 0.2621  0.3867 0.6593 

Plant growth regulator 

(PGR)  

<0.0001 <0.0001  0.0001 0.0014  0.2679 0.1598  0.4353 0.6237 

Interval*PGR  0.1914 0.1264  0.3955 0.1672  0.621 0.9412  0.2408 0.3094 

Coefficient of      variation 

(%) 
6.3 4.9  7.8 5.5  8.0 6.0  9.7 6.7 
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 Table 9.  Influence of plant growth regulator on plant height and number of nodes 10 and 20 days after treatment (DAT).
a
 

   Rocky Mount, 2010 

   Lewiston-Woodville, 2009  Field 1  Field 2 

   Height  Nodes  Height  Nodes  Height  Nodes 

Source  10 

DAT 

20 

DAT 

 10 

DAT 

20  

DAT 

 10 

DAT 

20 

DAT 

 10  

DAT 

20 

DAT 

 10  

DAT 

20 

DAT 

 10 

DAT 

20 

DAT 

 
_________

cm
__________

  
_________

No.
__________

  
_________

cm
__________

  
_________

No.
__________

 
 _________

cm
__________

 
 _________

No.
__________

 

Mepiquate 

chloride 

54 a 62 b  10.2 b 12.0 b  65 a 66 a  11.6 a 13.7 a  67 a 68 a  11.7 a 13.1 a 

Mepiquat 

pentaborate 

64 a 71 a  11.4 a 12.8 a  63 a 64 a  11.3 a 13.6 a  65 a 67 a  11.6 a 13.2 a 

Non-

Treated 

control 

67 72 
 

10.2 12.6 
 

65 73 
 

10.6 13.3 
 71 73  11.3 11.6 

a
Means within a column followed by the same letter are not different according to Fisher’s Protect LSD test at p ≤ 0.05.  Data for the non-treated control 

were not included in the analysis.  Data are pooled over mixing intervals.   
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Table 10. P > F for cotton defoliation 10 days after treatment (DAT) and cotton yield as influenced by 

experiment, mixing interval, and defoliant treatment.    

Source  Defoliation 10 DAT Seed cotton yield 

   
________________________________

p value
_____________________________ 

Experiment (Exp) <0.0001 <0.0001 

Mixing Interval (Interval)  0.4868 0.7926 

Defoliant  <0.0001 0.5908 

Exp*Interval 0.8359 0.5706 

Interval*Defoliant  0.1776 0.6471 

Exp*Interval*Defoliant <0.0001 0.3957 

Coefficient of variation (%) 7.4 16.8 
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Table 11. P > F for defoliation as influenced by mixing interval and defoliant.  

 Source Lewiston Rocky Mt 

 
_________________

p-value
_________________

 

Mixing Interval (Interval)  0.8418 0.5226 

Defoliant  <0.0001 <0.0001 

Interval*Defoliant  0.4277 0.0404 

Coefficient of variation (%)  7.2 7.6 
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Table 12.   Influence of delayed applications of spray solution on cotton defoliation by selected defoliants at Rocky 

Mount in 2010.
a
 

 Rocky Mount, 2010 
 

 

 
Number of Days Mixed Prior to Treatment  

Lewiston-

Woodville, 2009 
Defoliant 0 3 6 9  

 ________________________________________
% Defoliation

_____________________________________ 

Carfentrazone 69 f 66 f 70 f 64 f  67 e 

Diuron plus 

thidiazuron 

98 a 98 a 98 a 98 a  98 a 

Ethephon 80 de 90 bc 84 cd 86 bcd  85 c 

Ethephon plus 

cyclanalide 

91 b  88 bc 89 bc 91 b  90 b 

Thidiazuron 81 d 65 f 74 ef 81 d  75 d 

a
Means within a location followed by the same letter are not different according to Fisher’s Protected LSD test at p 

≤ 0.05. 
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Evaluation of Growth Regulators and Ripening Agent used in Flue-cured Tobacco 

when Spray Solution Application is Delayed 

P. M. Eure, L. R. Fisher, and D. L. Jordan

 

Abstract 

 Information is limited concerning the effect on efficacy of flue-cured tobacco growth 

regulators and a ripening agent resulting from delayed application after solution preparation.  

Efficacy of C8-C10 fatty alcohol, flumetralin, flumetralin plus maleic hydrazide, and maleic 

hydrazide in one experiment and ethephon in a second experiment was evaluated when spray 

solutions were prepared the day of application or 3 and 7 days prior to application when 

solutions were applied on the same day. Solutions were mixed in the same water source with 

a pH of 6.7 and were stored in the dark at room temperature.  Efficacy of C8-C10 fatty 

alcohol, flumetralin, flumetralin plus maleic hydrazide, and maleic hydrazide was not 

influenced by mixing interval.  Leaf yellowing by ethephon 3 days after treatment was 

variable when spray solutions were prepared in opened or closed containers 7 days prior to 

application.  Leaf yellowing by ethephon 5 days after treatment was occasionally greater 

when spray solutions were prepared 3 or 7 days prior to application.  These data indicate that 

delayed application of spray solution may result in sporadic changes in ethephon efficacy, 

but ripening will not be reduced if applications are delayed 7 days after solution preparation.      

                                                 
 Graduate Research Assistant, Associate Professor, and Professor; Department of Crop 

Science, North Carolina State University, Box 7620, Raleigh, NC 27695-7620.  

Corresponding author: loren_fisher@ncsu.edu. 
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Nomenclature: ethephon; C8-C10 fatty alcohol; ethephon; flumetralin; maleic hydrazide; 

flue-cured tobacco, Nicotiana tabacum L.  

Keywords: delayed sprays, mixing interval 

Introduction 

In 2010, 203 million kg of Flue-cured tobacco (Nicotiana tabacum L.) valued at 

$760.7 M was produced on 83,806/ha (Anonymous 2010a; Anonymous 2010b; Anonymous, 

2011).  Tobacco is grown as an annual in the United States but may occur as a perennial in 

other parts of the world.  Unlike many agricultural commodities grown for their seed or fruit, 

tobacco is harvested for its leaves.  Protecting leaf quality and yield of leaves is important for 

producers.   Insects and diseases threaten tobacco leaf quality and yield.  Growers employ 

many pest management strategies to protect leaf quality.   Feeding from the heliothis 

complex (Heliothis virescens F. and Helicoverpa zea Boddie), tobacco aphids (Myzus 

nicotianae Blackman), and hornworms (Manduca sexta L. and Manduca Quinquemaculata 

Haw.) may result in significant damage to tobacco (Blair and Glover 1999; Collins and 

Hawks 1993; Tso 1990).  Control of these insects requires a multi-faucet approach, including 

cultural practices, beneficial insects, and insecticide sprays based on thresholds (Blair and 

Glover 1999; Collins and Hawks 1993).  Diseases such as black shank (Phytophthora 

parasitica var. nicotiannae B. de Haan), black root rot (Thielaviopsis basicola Berk. and 

Broome), Granville wilt (Ralstonia solanacaerum E. F. Smith), Mosaic virus, and root knot 

nematode (Meloidogyne spp.) may reduce leaf quality and yield (Collins and Hawks 1993; 

Shepard 1999; Shoemaker and Shew 1999).  Control of these diseases may be attained by 
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planting resistant cultivars, crop rotation, chemical control, or some combination of the three 

(Collins and Hawks 1993; Shepard 1999; Shoemaker and Shew 1999; Tso 1990). 

Topping and suckering is a common practice in flue-cured tobacco production.  

Topping, or removal of reproductive structures early in the season, removes apical 

dominance in the plant, allowing assimilates to accumulate in leaves, increasing leaf mass 

and leaf size (Collins and Hawks 1993; Papenfus 1970; Papenfus 1987; Peedin 1999).  

Tobacco is commonly hand-topped, and plant growth regulators are applied to prevent 

excessive growth from axillary buds, often referred to as suckers, to obtain optimum leaf 

yield and quality.  Tobacco growth regulators are classified into three categories: contact, 

contact-local systemic, and systemic (Collins and Hawks 1993; Peedin 1999).  Tank mixes of 

the contact-local systemic flumetralin and reduced rates of systemic maleic hydrazide (MH) 

have been commonly used for sucker control since the early 1990’s (Peedin 1999).  Since the 

onset of tank mixes of flumetralin and reduced rates of maleic hydrazide, maleic hydrazide 

residues were reduced from an average of 147 ppm in 1990 to 86 ppm in 1996 and was 

important in meeting industry standards for chemical residues (Peedin and Priest 1996).  The 

successful control of tobacco suckers using plant growth regulators is essential in reducing 

suckers, labors costs, and conditions conducive for insect development (Sykes 2008).     

Growers may use ethephon in flue-cured tobacco to promote uniform yellowing and 

shorten the curing time (Steffens et al., 1970).  Ethephon degrades to ethylene in pH above 

4.0 (Goudey et al., 1987; Yang 1969).  Increased ethylene results in tobacco yellowing (Tso 
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1990).  A ripening agent may be applied when tobacco is ripening slowly or to better utilize 

curing space and labor (Collins and Hawks 1993).   

 Bullen and Fisher (2011) estimate that growers may spend $575/ha on herbicides, 

insecticides, fungicides, and plant growth regulators to produce flue-cured tobacco in North 

Carolina.  Cost of sucker control, primarily through use of plant growth regulators, generally 

exceeds that of herbicides, insecticides, and fungicides.   Maximizing performance of 

agrochemicals is important in efficient management of tobacco.  When agrochemical 

applications are delayed, there is the possibility that when agrochemical remain in the tank 

for an extended period of time, efficacy could be influenced.  Xue et al. (2008) found that 

permethrin remaining in ultra-low volume spray tanks for 4 months averaged 55.5% 

degradation of the product when analyzed by gas chromatography.  In corn (Zea mays L.), 

tank mixes of dimethenamid plus dicamba plus atrazine, isoxaflutole plus atrazine, and 

rimsulfuron plus S-metolachlor plus dicamba mixed one or more days prior to application 

resulted in reduced weed control (Stewart et al. 2009).  

The influence of mixing interval of agrochemicals used in tobacco is poorly 

understood.  Therefore, research was conducted to determine the effect of mixing interval on 

efficacy of plant growth regulators and a ripening agent commonly applied to tobacco. 

Material and Methods 

General methodology.  Field experiments were conducted during 2009 and 2010 in North 

Carolina at the Oxford Tobacco Research Station near Oxford and the Upper Coastal Plain 
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Research Station near Rocky Mount.  Soil was an Appling sandy loam (fine-sandy, 

kaolinitic, thermic Typic Kanhapludults) at Oxford and a Norfolk loamy sand (fine-loamy, 

kaolinitic, thermic Typic Kandiudults) at Rocky Mount.  The cultivar PVH 2310
1
 was 

planted at Oxford and the cultivar NC 71
2
 was planted at Rocky Mount.  Agrochemicals were 

mixed individually the day of application or 3 and 7 days prior to application.  Spray 

solutions were mixed in stainless steel spray cans
3
 (11.6 L volume), stored in the dark at 

room temperature, and agitated every third day.  A municipal supply of water in Wake 

County was used with a pH of 6.7, hardness of 31 ppm, and concentrations of boron, 

calcium, magnesium, and zinc of 0.04, 7.3, 0 and 0.06 ppm, respectively.  On the day of 

application, agrochemicals were agitated thoroughly to ensure uniform spray solutions.   All 

treatments were applied using a CO2-pressurized backpack sprayer calibrated to apply 467 

L/ha and a three-nozzle boom with 26-cm nozzle spacing. The center nozzle was a TG 5
4
 

oriented 18 inches above tobacco buds and outside nozzles were TG 3
5
 angled 45 degrees 

towards the boom center. 

 Plot size was 1 row by 12 m using raised seed beds spaced 120 cm apart with one 

border row on either side.  Production and pest management practices other than specific 

treatments were held constant over the entire experiment and were based on North Carolina 

Cooperative Extension Service recommendations (Fisher 2010).  The experimental design 

was a randomized complete block with treatments replicated three or four times.  Data for all 

parameters were subjected to analysis of variance (ANOVA) using the PROC GLM 

procedure in SAS
6 

appropriate for treatment structure.  Means of significant main effects and 

interactions were separated using Fisher’s Protected LSD test at p ≤ 0.05. 
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Influence of delayed application of sucker control chemicals.  Sucker control using C8-C10 

fatty alcohol
7
 (13.5 kg ai/ha), flumetralin

8
 (0.67 kg ai/ha), flumetralin plus MH

9
 (0.67 kg 

ai/ha plus 2.5 kg ai/ha), and MH (2.5 kg ai/ha) was evaluated once during 2009 and 2010 at 

Oxford.  Timing of application was based on North Carolina Cooperative Extension Service 

recommendation for sucker control products (Fisher 2010).   

The number of suckers from 10 plants in each plot and total sucker mass were 

recorded 6 weeks after treatment (WAT).  Sucker weights within treated plots were 

compared to the non-treated control of each replication to determine percent sucker control.  

Percent sucker control was subjected to ANOVA for a four (plant growth regulator) by three 

(mixing interval) factorial arrangement of treatments.     

Influence of delayed applications on the ripening agent ethephon.  Ripening of flue-cured 

tobacco following application of ethephon
10

 (2.2 kg ai/ha) was evaluated in one field during 

2009 at Oxford and in one field during 2010 at both Oxford and Rocky Mount.  In addition to 

ethephon spray solution prepared the day of application, 3 and 7 days prior to application, the 

2010 experiments also included treatments prepared 3 and 7 days prior to application in 

stainless steel cans (11.6 L volume) left opened or closed to determine if volatilization occurs 

when ethephon is left in solution for extended periods of time.   

Ethephon application was based on North Carolina Cooperative Extension Service 

recommendations (Fisher 2010).  Flue-cured tobacco ripening was determined using a Soil-

Plant Analysis Development (SPAD) chlorophyll meter.
11

  SPAD meter values were 

recorded from the second leaf from the top of the plant from 10 plants per plot, 3 and 5 days 
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after treatment (DAT).  SPAD chlorophyll meter estimates are derived based on the 

wavelength ranges of red and infrared light (Anonymous 1989).    

Result and Discussion 

Influence of delayed applications on sucker control chemicals.  Percent sucker control 6 

WAT was not affected by mixing interval (Table 1).  However, sucker control 6 WAT was 

affected by the interaction of experiment by plant growth regulator (Table 1).   Sucker 

control in 2009 by C8-C10 fatty alcohol, flumetralin, flumetralin plus MH, and MH was 68, 

45, 100, and 100%, respectively (Table 2).  Sucker control in 2010 by C8-C10 fatty alcohol, 

flumetralin, flumetralin plus MH, and MH was 48, 66, 98, and 83%, respectively (Table 2).  

Sucker control using MH and flumetralin was similar to previous research (Taylor et al. and 

Tso 1990)  

 Influence of delayed applications on the ripening agent ethephon.  Chlorophyll 

estimates were 3 to 11 and 12 to 26 SPAD units greater 3 DAT and 5 DAT, respectively, in 

non-treated leaves as compared to leaves receiving treatments of ethephon (Table 5 and 6).  

In the 2009 experiment, chlorophyll estimates were not affected by the main effect of mixing 

interval (Table 3).  In 2010 experiments, chlorophyll estimates 3 DAT were influenced by the 

interaction of experiment by mixing interval by container status, and chlorophyll estimates 5 

DAT were influenced by the interaction of experiment and mixing interval (Table 4).  At 

Oxford during 2010, ethephon solution prepared 7 days prior to application with the 

container closed resulted in chlorophyll estimates lower than ethephon solution prepared 7 

days prior to application with the container left opened (Table 5). However, at Rocky Mount 
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during 2010, ethephon solution prepared 7 days prior to application with the container left 

opened resulted in chlorophyll estimates lower than ethephon solution prepared 7 days prior 

to application with the container closed (Table 5).  During 2010 at Rocky Mount, chlorophyll 

estimates 5 DAT were lower when ethephon spray solution was prepared 3 or 7 days prior to 

application when compared to ethephon prepared on the day of application (Table 6). Similar 

results were not observed during 2010 at Oxford.     

In summary, efficacy of the tobacco plant growth regulators C8-C10 fatty alcohol, 

flumetralin, flumetralin plus MH, and MH was not influence when spray solutions were 

prepared 7 days prior to application.  Minor differences were observed in the efficacy of the 

ripening agent ethephon when comparing spray solutions prepared the day of application to 

those prepared 3 or 7 days prior to application.  However, performance of ethephon prepared 

3 or 7 days prior to application was not reduced when compared to spray solutions prepared 

the day of application.  Occasionally, ethephon spray solution prepared 3 or 7 days prior to 

application and left in an opened or closed container performed better than spray solution 

prepared the day of application.  These results do not suggest that mixing these products in 

advance is advisable but offers reassurance that efficacy is not compromised when they 

remain in the spray tank for up to 7 days.  Experiments were conducted using a municipal 

water source with pH of 6.7 and relatively low water hardness.  Results may have been 

considerably different if another source of water was used.       
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Table 1.  P > F for percent sucker control 6 weeks after treatment (WAT) when C8-C10 fatty alcohol, 

flumetralin, flumetralin plus MH, and MH was prepared the day of application, and 3 and 7 days after 

solution preparation. 

Source Percent Sucker Control 

 p-value  

Location 0.3196 

Mixing interval  0.1790 

Plant growth regulator <0.0001 

Location*Mixing interval 0.7041 

Location*Plant growth regulator 0.0059 

Mixing interval*Plant growth regulator 0.0856 

Location*Plant growth regulator*Mixing interval 0.9541 

Coefficient of variation (%) 28.0 
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Table 2. Percent sucker control 6 weeks after treatment (WAT) by C8-C10 fatty alcohol, flumetralin, flumetralin 

plus MH, and MH. 

Sucker Control Product 

Sucker Control 

2009 2010 

 
_______________________

%
_______________________ 

C8-C10 fatty alcohol 68 b 48 c 

Flumetralin 45 c 66 bc 

Flumetralin plus MH 100 a 98 a 

MH 100 a 83 ab 

a
Means within a year followed by the same letter are not different according to Fisher’s Protected LSD test at p 

≤ 0.05.  Data are pooled over mixing intervals.
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Table 3. P > F for chlorophyll estimates when application of ethephon was delayed for 3 and 5 days after treatment (DAT) 

in Oxford during 2009. 

 Chlorophyll estimates
a 

Source 3 DAT 5 DAT 

 
_____________________________

 p-value
_____________________________

 

Mixing interval  0.9788 0.5719 

Coefficient of variation (%) 14.4 18.4 

a 
Determined using SPAD-502 chlorophyll meter. 
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Table 4. P > F for chlorophyll estimates when application of ethephon was delayed for 3 and 7 days after solution preparation in 

Oxford and Rocky Mount during 2010. 

 Chlorophyll estimates
a 

Source 3 DAT 5 DAT 

 
______________________________

 p-value
______________________________

 

Location  0.0036 <0.0001 

Mixing interval  0.6966 0.5992 

Container  0.8277 0.0839 

Location*Mixing interval 0.3665 0.0250 

Location*Container 0.0005 0.3539 

Mixing interval*Container 0.8960 0.6882 

Location*Mixing interval*Container 0.0039 0.3256 

Coefficient of variation (%) 11.2 27.3 
a
Determined using SPAD-502 chlorophyll meter. 
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Table 5.  Flue-cured tobacco leaf chlorophyll estimates 3 DAT when application of ethephon was delayed 3 and 7 days 

after solution preparation at Oxford and Rocky Mount during 2010.
a
 

  Chlorophyll estimates
b 

Mixing interval Container status Oxford Rocky Mount 

Days  
_________________

SPAD units
_________________

 

0 - 19 b 23 b 

3 Closed 18 b 23 b 

3 Opened 19 b 22 b 

7 Closed 16 c 26 a 

7 Opened 23 a 19 c 

    

Non-treated control 27 29 
a
Means within the same column followed by the same letter are not different according to Fisher’s Protected LSD test at p 

≤ 0.05.  The non-treated control was not included in the analysis.   
b 
Determined using SPAD-502 chlorophyll meter. 
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Table 6.  Flue-cured tobacco leaf chlorophyll estimates 5 DAT when application of ethephon was delayed 3 and 7 days after 

solution preparation at Oxford and Rocky Mount during 2010.
a
 

 Chlorophyll estimates
b 

Mixing interval Oxford Rocky Mount 

Days 
____________________

SPAD units
_____________________

 

0 13 a 10 a  

3 15 a 4 c 

7 13 a 7 b 

   

Non-treated control 27 30 
a
Means within the same column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 

0.05.  The non-treated control was not included in the analysis.  Data pooled over container status.   
b 
Determined using SPAD-502 chlorophyll meter. 
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Evaluation of Peanut Agrochemicals in Situations where                                                  

Spray Solution Application is Delayed 

P. M. Eure, D. L. Jordan, L. R. Fisher, A. C. York, and J. S. Bacheler

 

Abstract 

 The effect of delayed application of spray solutions is poorly understood with respect 

to efficacy of fungicides, insecticides, and plant growth regulators used in peanut.  Research 

was conducted in North Carolina during 2009 and 2010 to determine if tobacco thrips control 

by acephate; early leaf spot and late leaf spot control by chlorothalonil, prothioconazole plus 

tebuconazole, pyraclostrobin, and tebuconazole; Sclerotinia blight control by boscalid and 

fluazinam; and improvement in row visibility by prohexadione calcium were affected by the 

time  interval between solution preparation and application.  Agrochemicals were mixed 

individually into solution the day of application, or 3, 6, and 9 days prior to application and 

all solutions applied on the same day.  When comparing the fungicides, insecticides, and a 

plant growth regulator over all pest or peanut growth parameters, performance was not 

reduced when left in spray solution up to 9 days.  Water quality did influence control of 

canopy defoliation by chlorothalonil, prothioconazole plus tebuconazole, pyraclostrobin, and 
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William Neal Reynolds Professor Emeritus; Department of Crop Science, North Carolina 

State University, Box 7620, Raleigh, NC 27695-7620; fifth author: Department of 

Entomology, North Carolina State University, Box 7613, Raleigh, NC 27695-7620.  
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tebuconazole.  While differences were significantly different, they would likely be difficult to 

observe at the farm level.   

Nomenclature: acephate; boscalid; chlorothalonil; fluazinam; prohexadione calcium; 

prothioconazole; pyraclostrobin, tebuconazole; early leaf spot, Cercospora arachidicola 

Hori.; late leaf spot, Cercosporidium personatum Berk. And Curt.; sclerotinia blight, 

Sclerotinia minor Jagger; tobacco thrips, Franliniella fusca Hinds.   

Keywords: delayed sprays, mixing interval, water quality. 

 

Introduction 

Nearly 486,000 ha of peanut were harvested in the United States in 2010 averaging 

3,698 kg/ha (Anonymous 2011).  To consistently optimize peanut yield, growers must use a 

variety of agrochemicals.  Peanut are susceptible to a number of diseases and insects that 

negatively affect growth and development and subsequently yield.  Additionally, mechanized 

digging and combining may result in increased pod loss and reduced seed quality.   

Tobacco thrips (Franliniella fusca Hinds), spider mites (Tetranychus spp.), and the 

heliothis complex (Helicoverpa virescens and Heliothis zea F.) are major insect pests in 

peanut that may limit growth and yield (Weiss 2000; Wightman and Rao 1994).  Tobacco 

thrips may cause peanut stunting when plants are young and act as vectors of tomato spotted 

wilt (caused by Tospovirus) (Reddy et al. 1991).  In-furrow insecticides and foliar-applied 

insecticides are commonly used to control tobacco thrips (Brandenburg 2011; Chapin 2010; 

Herbert 2011).  Spider mites may cover the underside of peanut leaves with fine webbing and 
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cause chlorosis of the leaves (Weiss 2000).  While mites are typically not problematic, dry 

weather and production practices such as fungicide and insecticide applications may reduce 

beneficial fungi and insects allowing exponential population growth (Wightman and Rao 

1994; Cambell 1978).  Foliar-applied insecticide may be used to control spider mite 

populations (Brandenburg 2011; Chapin 2010; Herbert 2011).  The heliothis complex may 

cause significant peanut canopy defoliation (Weiss 2000).  Control of the heliothis complex 

may require a foliar-applied insecticide spray when one or more worms are found per meter 

of row (Brandenburg 2011; Chapin 2010; Herbert 2011).      

Peanut diseases may reduce quality and yield.  Early leaf spot (caused by Cercospora 

arachidicola Hori.) and late leaf spot (caused by Cercosporidium personatum Berk. and 

Curt.), cylindrocladium black rot (caused by Cylindrocladium crotalaria Loos Bell and 

Sobers), rhizoctonia (caused by Rhizoctonia solani Kuhn), and sclerotinia blight (caused by 

Sclerotinia minor Jagger) may be prevalent when weather conditions and production 

practices are conducive for disease development (Middleton et al. 1994).  Peanut may also be 

negatively affected by tomato spotted wilt (caused by Tospovirus).  These diseases may be 

managed using crop rotation, resistant cultivars, fungicide sprays, or a combination of these 

practices (Phipps 2011; Shew 2011).   

Peanuts grown with adequate moisture may have excessive vine growth.  The plant 

growth regulator prohexadione calcium may be applied to peanut to increase row visibility, 

reduce pod loss at digging, increase pod yield, and reduce disease (Beam et al. 2002; 
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Culpepper et al. 1997).  Excessive vine growth may also increase vine damage caused by 

equipment, resulting in increased incidence of Sclerotinia blight (Porter and Powell 1978).  

Bullen and Jordan (2011) estimate that growers may spend $311/ha on herbicides, 

insecticides, and fungicides to produce Virginia market type peanut.  Cost of disease 

management, primarily through use of fungicides, generally exceeds that of herbicides or 

insecticides.  Maximizing performance of pesticides is important in efficient management of 

peanut. 

  When applications are delayed and agrochemical remains in the tank for an extended 

period of time, there is the possibility that efficacy could be influenced.  Xue et al. (2008) 

found that permethrin remaining in ultra-low volume spray tanks for 4 months averaged 

55.5% degradation of the product when analyzed by gas chromatography.  In corn (Zea may 

L.), tank mixes of dimethenamid plus dicamba plus atrazine, isoxaflutole plus atrazine, and 

rimsulfuron plus S-metolachlor plus dicamba mixed one or more days prior to application 

resulted in reduced weed control (Stewart et al. 2009).  The influence of the number of days 

peanut agrochemical spray solution is prepared prior to application is poorly understood.  

Therefore, research was conducted to determine the effect of mixing interval on efficacy of 

insecticides, fungicides, and a plant growth regulator commonly applied to peanut.    

Materials and Methods 

General Methodology.  Field experiments were conducted during 2009 and 2010 in North 

Carolina at the Peanut Belt Research Station near Lewiston-Woodville and the Upper Coastal 
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Plain Research Station near Rocky Mount.  Soil at Rocky Mount was a Norfolk loamy sand 

(fine-loamy, kaolinitic, thermic Typic Kandiudults).  Soil at Lewiston-Woodville was a  

Goldsboro sandy loam (fine-loamy, siliceous, subactive, thermic Aquic Paleudults).  

Fungicides, insecticides, and a plant growth regulator were mixed individually the day of 

application or 3, 6, and 9 days prior to application, unless otherwise noted.  Spray solutions 

were mixed in plastic spray bottles (3 L volume), sealed for storage in the dark at room 

temperature, and agitated every third day to bring agrochemicals back into solution.  Unless 

otherwise stated, a municipal supply of water from Wake County was used with a pH of 6.7, 

hardness of 31 ppm, and concentrations of boron, calcium, magnesium, and zinc of 0.04, 

7.40, 0.0 and 0.06 ppm, respectively.  On the day of application, agrochemicals were agitated 

thoroughly to ensure uniform distribution in spray solutions.  Agrochemicals were applied 

using DG11002 nozzles
1
 calibrated to deliver 140 L/ha at 210 kPa.   

 Peanut was planted in conventionally tilled, raised seed beds at a rate to establish 13 

plants/m row in rows spaced 96 cm apart.  Production and pest management practices other 

than specific treatments were held constant over the entire experiment to optimize peanut 

growth and development.  Data for all parameters were subjected to analysis of variance 

(ANOVA) using the PROC GLM procedure in SAS.
2
  Although included in all experiments, 

non-treated controls were not included in the statistical analysis to allow consideration of the 

factorial treatment arrangement in the experiments.  The treatment of agrochemicals applied 

the same day solutions were prepared is considered the most appropriate control in the 

experiments.  However, data for the non-treated control are provided as a reflection of pest 

damage or population or peanut growth in absence of pest control or management inputs.  
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Means of significant main effects and interactions were separated using Fisher’s Protected 

LSD test at p ≤ 0.05.   

Tobacco thrips control.  Tobacco thrips control using acephate
3
 (454 g ai/ha) was evaluated 

in one field at Lewiston-Woodville during 2009 and two separate fields at Lewiston-

Woodville during 2010.  Peanut cultivar Phillips
 
(Isleib et al. 2006) was planted without in-

furrow insecticide in order to promote thrips populations.  Plot size was two rows by 9 m.  

Canopy width of three plants per plot and visual estimates of damage from tobacco thrips 

feeding were recorded 10 and 20 days after treatment (DAT) using a 0 to 5 ordinal scale, 

where 0 = no damage, 1 = noticeable feeding but no stunting, 2 = noticeable feeding and 25% 

stunting, 3 = feeding with blackened terminals and 50% stunting, 4 = severe feeding and 75% 

stunting, and 5 = severe feeding and 90% stunting (Carley et al. 2009).  During 2010, five 

peanut leaves from five plants per plot were collected 5 and 10 DAT and gently placed in 

glass jars
4
 with 250 ml of water and 1 m of detergent

5 
and sealed for transport to the 

laboratory.  Following gentle agitation for 20 s, solutions were decanted onto a 250-µm mesh 

sieve
6
.  Jars and lids were then rinsed thoroughly to remove any remaining thrips.  Plants 

were thoroughly rinsed to separate thrips from plants.  Thrips and small sediment were 

collected on the mesh screen and rinsed from the screen through a funnel into 25-ml vials
7
 

using alcohol
8
.  Excess alcohol was drawn from the vials and remaining solution, thrips, and 

sediment were then poured onto a gridded petri dish
9
 and examined using a microscope

10
.  

The number of immature and adult thrips was recorded for each sample.  The experimental 

design was a randomized complete block with treatments replicated four times. 
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Leaf spot control.  In one set of experiments during 2009, efficacy of the leaf spot 

fungicides chlorothalonil
11

 (3320 g ai/ha), prothioconazole plus tebuconazole
12

 (50 g ai/ha 

plus 210 g ai/ha), pyraclostrobin
13

 (190 g ai/ha), and tebuconazole
14

 (220 g ai/ha) was 

evaluated using the peanut cultivar Phillips in two separate fields at Lewiston-Woodville.  In 

a second set of experiments during 2010, fungicide solutions described previously were 

prepared the day of application and 9 days prior to application in water representing low, 

moderate, and high pH as described in Table 1. Fungicides were applied at the R-3 stage of 

peanut growth, based on North Carolina Cooperative Extension Service recommendations 

(Shew 2011).  Half of each plot received additional applications of chlorothalonil and 

pryraclostrobin 14 and 28 days after the initial fungicide application, respectively.  These 

fungicide solutions were prepared immediately prior to application.  Peanut often receives 4 

or 5 fungicide applications per year to control early and late leaf spot (Shew 2011).  The 

second and third applications applied to only half of the plot were designed to determine if 

any minor effect on efficacy would be observed by the end of the growing season when 

additional fungicides were applied.  Plot size was one row by 4 m with non-treated rows 

separating treatment rows.   

 Visual estimates of percent defoliation were recorded 1 and 3 weeks before harvest, 

using a 0 to 100 scale, where 0 = no canopy defoliation and 100 = complete canopy 

defoliation.  The experimental design in these experiments was a split-plot.  The number of 

total fungicides for the entire season served as the whole plot unit.  Combinations of 

fungicide and mixing interval served as the split-plot unit (one application with fungicides 

including various mixing intervals vs. three fungicide applications including the initial spray 
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with various mixing intervals and the second and third sprays).  Data for canopy defoliation 

were subjected to a two (experiment) by four (fungicide) by four (mixing interval) factorial 

treatment arrangement in the first experiment.  In the second experiment, data for canopy 

defoliation were subjected to a two (experiment) by four (fungicide) by two (mixing interval) 

by three (water source) treatment arrangement.     

Plant growth regulator performance.  Peanut plant growth regulation was evaluated during 

2009 at Lewiston-Woodville in one field and during 2010 at Rocky Mount in two separate 

fields using Phillips peanut cultivar.  Prohexadione calcium
15

 (680 g ai/ha) was applied when 

50% of vines from adjacent rows were touching, based on Cooperative Extension Service 

recommendations (Jordan 2011).  A second application of prohexadione calcium was made 

to half of each plot 2 weeks after the initial application using spray solution prepared the day 

of application.   

Two applications of prohexadione calcium are generally needed to maintain row 

visibility through harvest (Jordan et al. 2008).  Plot size was two rows by 9 m.  Visual 

estimates of plant growth regulation were recorded 3 and 6 WAT using a 1 to 10 scale, where 

1 = flat canopy with vines completely overlapping in the row middles and 10 = triangular- 

shaped canopy with no vines from adjacent rows touching in the row middles (Mitchem et al. 

1995).  Main stem height of three plants per plot was recorded 3 and 6 WAT.  The 

experimental design was a spit-plot.  The number of total prohexadione applications for the 

entire season served as the whole plot unit.  Mixing interval served as the split-plot unit (one 

application with prohexadione calcium including mixing intervals vs. two prohexadione 
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calcium applications including the initial spray with various mixing intervals and the second 

spray). 

Sclerotinia blight control.  Boscalid
16

 (12 g ai/ha) and fluazinam
17

 (145 g ai/ha) were 

evaluated in fields with a history of Sclerotinia blight incidence during 2009 at Lewiston-

Woodville in two separate fields and during 2010 in one field at Lewiston-Woodville and one 

at Rocky Mount.  Visual estimates of plant condition were recorded 1 week prior to harvest 

in 2009, using a 0 to 100 scale, where 0 = healthy canopy and 100 = canopy completely 

damaged by disease.  The experimental design was a randomized complete block with 

treatments replicated four times.         

Results and Discussion 

Tobacco thrips control.    The interaction of experiment by mixing interval was significant 

for immature thrips populations 5 DAT but not for adult thrips populations (Table 2).  The 

interaction of experiment by mixing interval was not significant for immature and adult 

thrips populations 10 DAT, visual estimates of tobacco thrips damage 10 and 20 DAT, and 

canopy width 10, 20, and 56 DAT (Table 2).  However, the main effect of mixing interval 10 

DAT for visual estimates of tobacco thrips damage and the main effect of experiment 10 

DAT for immature and adult thrips populations, 20 DAT for visual estimates of tobacco 

thrips damage and canopy width 56 DAT were significant (Table 2).   

Thrips damage was considerably greater and relatively higher populations of thrips 

were noted in non-treated controls.  When analyzed by experiment, the number of immature 



104 

 

thrips per five leaves 5 DAT was less in field 2 when acephate was mixed 3 days prior to 

application as compared to acephate prepared the day of application, or 6 and 9 days prior to 

application (Table 3).  Thrips populations 10 DAT were markedly higher at Lewiston-

Woodville during 2010 in field 2 when compared to field 1 (Table 4).  Adult thrips 

outnumbered immature thrips by 3 to 8 per five leaves in both fields (Table 4).    

In 2009, mixing interval did not affect visual estimates of thrips damage 10 or 20 

DAT or canopy width 56 DAT (Table 5).  Visual estimates of thrips damage 10 DAT was 

lower when acephate solutions were prepared 9 days prior to application (2010, Field 1) or 3, 

6, or 9 days prior to application (2010, Field 2) compared with application the day of mixing 

(Table 5).  By 20 DAT, no difference in thrips damage was noted irrespective of mixing 

interval (Table 5).  Although canopy width 56 DAT did not differ in Field 1, mixing acephate 

3 days prior to application resulted in a narrower canopy width compared with other mixing 

intervals in field 2 in 2010 (Table 5).  

Leaf spot control.  In the experiment evaluating fungicide and mixing interval, the 

interaction of experiment by mixing interval by fungicide by number of fungicide sprays was 

not significant for peanut defoliation 1 week before harvest (Table 6).  However, the main 

effect of mixing interval and number of fungicide sprays was significant.  The primary goal 

of this research was to determine if defoliation, an indicator of fungicide performance, was 

affected by mixing interval.  These data suggest that mixing fungicides at various intervals 

up to 9 days prior to application will not affect efficacy if fungicide solutions can be brought 

back into solution (Table 7).  A single fungicide application resulted in 74% defoliation at 1 
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week before harvest while three applications resulted in 24% defoliation (Table 8).  Five 

fungicide sprays are generally made to control early and late leaf spot in North Carolina 

(Shew 2011), and these data suggest that significant defoliation can occur with only three 

fungicide sprays 

In the experiment comparing mixing intervals, fungicides, and water sources, 

defoliation 3 weeks and 1 week before harvest was not influenced by the interaction of 

experiment by mixing interval by water source by fungicide by number of fungicide sprays 

(Table 9).  However, the interaction of experiment by water source by fungicide 3 weeks and 

1 week before harvest and the interaction of mixing interval by water source by fungicide 1 

week before harvest was significant (Table 9).  The main effect of number of fungicide 

sprays was significant 3 weeks and 1 week before harvest (Table 9). 

 Canopy defoliation 3 weeks and 1 week before harvest was not influenced when 

prothioconazole plus tebuconazole was prepared using different water sources (Table 10).  

However, efficacy of chlorothalonil, pyraclostrobin, and tebuconazole was influenced when 

prepared using different water sources.  Canopy defoliation 3 weeks before harvest was 

greater when chlorothalonil was prepared using high pH water (Field 1) when compared to 

chlorothalonil prepared using low and moderate pH waters (Table 10).  Similar results using 

chlorothalonil were not observed 1 week before harvest.  Pyraclostrobin prepared using low 

pH water (Field 1) resulted in less canopy defoliation when compared to pyraclostrobin 

prepared using moderate and high pH water 3 weeks before harvest (Table 10).  Less 

defoliation was observed when pyraclostrobin and tebuconazole were prepared using 
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moderate pH water (Field 2) when compared to pyraclostrobin or tebuconazole prepared 

using high pH water (Table 10).     

 When considering canopy defoliation 1 week before harvest, chlorothalonil and 

pyraclostrobin were not influenced by mixing interval regardless of water pH (Table 11).  

Canopy defoliation 1 week before harvest was 8% greater when prothioconazole plus 

tebuconazole was prepared using low pH water and applied the day of application, when 

compared to prothioconazole plus tebuconazole prepared using low pH water and left in 

spray solution for 9 days (Table 11).  Canopy defoliation 1 week before harvest using 

tebuconazole prepared in moderate pH water and left in solution for 9 days resulted in 8% 

less defoliation when compared to tebuconazole prepared in moderate pH water and applied 

the day of mixing (Table 11).  These data suggest that preparing fungicide solutions in 

various pH water sources and leaving them in solution for 9 days prior to application will not 

reduce the efficacy of the fungicides if fungicide solutions can be brought back into solution 

(Table 11).                 

Applying a single fungicide application resulted in 15 and 55% defoliation 3 weeks 

and 1 week before harvest, respectively (Table 12).  Three fungicide applications resulted in 

5 and 27% defoliation 3 weeks and 1 week before harvest, respectively (Table 12).  These 

data coincide with data from the previous experiment. 

Plant growth regulator performance.  Canopy height and row visibility 8 WAT were not 

influenced by the interaction of experiment by mixing by number of sprays (Table 13).  The 

main effect of mixing interval was not significant for canopy height and row visibility (Table 
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13).  However, canopy height and row visibility were influenced by the main effects of 

number of sprays and experiment (Table 13).  Greater main stem height and lower row 

visibility were noted in non-treated controls when prohexadione was applied twice (Table 

14).  Main stem height was 11 to 13 cm greater in experiments conducted at Lewiston-

Woodville in 2009 than experiments conducted at Rocky Mount in 2010 (Table 15).  Greater 

row visibility was observed in experiments conducted at Rocky Mount in 2010 than 

experiments conducted at Lewiston-Woodville in 2009 (Table 15).   These results may be 

due to environmental conditions.  In 2009, experiments in Lewiston-Woodville were 

conducted under irrigated conditions.  In 2010, experiments in Rocky Mount were conducted 

in dryland conditions with drought conditions present during the study.     

Sclerotinia blight control.  The interaction of experiment and mixing interval and the main 

effect of mixing interval were not significant for plant condition rating (Table 16).  However, 

the main effect of experiment was significant for plant condition rating (Table 16).  In 2009, 

plant condition ratings were equivalent when comparing non-treated controls to treatments of 

boscalid or fluazinam (Tables 17 and 18).  Moderate to heavy disease pressure was noted in 

non-treated controls in 2010 at both Lewiston-Woodville and Rocky Mount (Tables 17 and 

18). 

In 2010, boscalid increased the plant condition rating from 25 to 46% and fluazinam 

reduced plant condition rating 14 to 42% (Tables 17 and 18).  While plant canopy expressed 

disease in 2009, differences between treatments and non-treated controls were not evident, 
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thus these data may not be representative of the level of disease control by boscalid and 

fluazinam may offer.   

 When comparing the fungicides, insecticides, and a plant growth regulator over all 

pest or peanut growth parameters, performance was not reduced when left in spray solution 

up to 9 days.  Water quality did influence control of canopy defoliation by chlorothalonil, 

prothioconazole plus tebuconazole, pyraclostrobin, and tebuconazole.  While differences 

were significant, they would likely be difficult to observe at the farm level.   

Although leaf spot fungicides and water quality were evaluated, results may be 

different when using spray water with other characteristics.  Insecticide, Sclerotinia blight, 

and plant growth regulator experiments were conducted using a single water source at pH 6.7 

with relatively low water hardness.  Leaving agrochemicals in spray tanks in water with other 

characteristics might lead to a dramatically different response in performance than observed 

in these experiments.  
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Source of Materials 

1
TeeJet DG11002 flat-fan spray nozzles, Spraying Systems Co., Wheaton, IL 60189. 

2
SAS v9.1, SAS Institute Inc., Cary, NC 27513. 

3
Orthene insecticide

®
, BASF Corporation, Research Triangle Park, NC 27709. 

4
Ball regular mouth 473 mL jar with lid, Ball Corporation, Daleville, IN 47334. 

5
Palmolive Original, Colgate-Palmolive Company, New York, NY 10022. 

6
U. S. standard sieve, Fisher Scientific, Pittsburgh, PA 15275. 

7
25 ml clear vial, Fisher Scientific, Pittsburgh, PA 15275. 

8
Alcohol 70%, Fisher Scientific, Pittsburgh, PA 15275. 

9
Gridded Tissue Culture Dish, Fisher Scientific, Pittsburgh, PA 15275. 

10
 10X to 44X Stereoscope, Fisher Scientific, Pittsburgh, PA 15275. 

11
Bravo WeatherStik fungicide

®
, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 

12
Provost fungicide

®
, Bayer CropScience, Research Triangle Park, NC 27709. 

13
Headline fungicide

®
, BASF Corporation, Research Triangle Park, NC 27709.   

14
Folicur fungicide

®
, Bayer CropScience, Research Triangle Park, NC 27709. 

15
Apogee plant growth regulator

®
, BASF Corporation, Research Triangle Park, NC 27709.   

16
Endura fungicide

®
, BASF Corporation, Research Triangle Park, NC 27709.   

17
Omega 500 fungicide

®
, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 
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Table 1.  Analysis of three water sources used to determine the influence of water quality and delayed applications of 

fungicide spray solutions on leaf spot defoliation. 

Water source 

 Concentration of element 

pH Boron Calcium Iron Magnesium Zinc 

  
________________________________________________

ppm
_________________________________________________

 

Low pH 3.8 0.03 3.3 0.23 0.95 0.03 

Moderate pH 6.7 0.04 7.4 0.0 0.0 0.06 

High pH 7.9 0.11 33.6 0.11 15.0 0.01 
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Table 2.  P > F for tobacco thrips populations 5 and 10 days after treatment (DAT), visual estimates of tobacco thrips damage 10 and 

20 DAT, and canopy width 10, 20, and 56 DAT when application of acephate was delayed 3, 6, and 9 days after spray solution 

preparation.   

 Thrips Populations  

 5 DAT  10 DAT  10 DAT  20 DAT  56 DAT 

Source 

Immature Adults 

 

Immature Adults 

 Visual 

estimates 

of thrips 

damage 

Canopy 

width  

Visual 

estimates 

of thrips 

damage 

Canopy 

width  

Canopy 

width 

 
______________________________________________________

p-value
____________________________________________________

 

Experiment 

(Exp) 

0.7593 0.2600  <0.0001 <0.0001  <0.0001 0.0773  <0.0001 0.8291  0.0007 

Mixing Interval 

(Interval) 

0.7862 0.8394  0.6496 0.7051  0.0021 0.1219  0.1567 0.3271  0.3955 

Exp*Interval 0.0485 0.9393  0.6122 0.7939  0.0559 0.7631  0.2847 0.2990  0.3815 

Coefficient of 

variation (%) 
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Table 3. Influence of mixing interval on immature thrips found on peanut leaves 5 days after treatment at Lewiston-

Woodville during 2010.
a 

 Immature thrips populations 

Mixing Interval Field 1 Field 2 

days 
______________________

No./5 leaves
_____________________

 

0 0.50 a 1.0 a 

3 0.25 a 0.0 b 

6 0.50 a 0.25 a 

9 0.38 a 0.25 a 

   

Non-treated control 3 2 
a
Means within a field followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  

The non-treated control was not included in the analysis.   
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Table 4.  Tobacco thrips populations 10 days after treatment (DAT) with acephate by field.
a 

Lewiston-Woodville 

Thrips populations 10 DAT 

Immature Adults 

 
______________________________

No./5 leaves
_______________________________

 

Field 1 0.25 b 3.4 a 

Field 2 4.2 b 12.1 a 
a
Means within a row followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 

0.05.  Data for the non-treated control were not included in the analysis. 
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Table 5.  Influence of mixing interval on visual estimates of thrips damage 10 and 20 days after treatment (DAT) and canopy width 56 

days after treatment at Lewiston-Woodville during 2009 and 2010.
a 

 

2009 

 2010 

  Field 1  Field 2 

 Visual 

estimates of 

thrips damage  

Canopy 

width  

Visual estimates 

of thrips damage  

Canopy 

width  

Visual   estimates 

of thrips damage  

Canopy 

width 

Mixing Interval 

10 

DAT 

20 

DAT 

 56    DAT  10 

DAT 

20 

DAT 

 56      DAT  10 

DAT 

20 DAT  56     DAT 

days 
______

0-5
b______

  cm  
______

0-5
b______

  cm  
______

0-5
b______

  cm 

0 0.6 a 0.3 a  84 a  1.6 a 1.1 a  79 a  2.2 a 1.6 a  81 a 

3 0.6 a 0.3 a  86 a  1.2 ab 1.1 a  79 a  1.3 b 1.5 a  76 b 

6 0.8 a 0.3 a  84 a  0.9 ab 0.9 a  81 a  1.6 b 1.6 a  81 a 

9 0.6 a 0.3 a  86 a  0.6 b 0.9 a  81 a  1.3 b 1.1 a  81 a 

               

Non-treated 

control 

2.1 2.6  86  2.9 3.1  71  3.4 3.3  79 

a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  The non-

treated control was not included in the analysis.  
b
Ordinal scale where 0 = no damage, 1 = noticeable feeding but no stunting, 2 = noticeable feeding and 25% stunting, 3 = feeding with 

blackened terminals and 50% stunting, 4 = severe feeding and 75% stunting, and 5 = severe feeding and 90% stunting.
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Table 6. P > F for peanut defoliation 1 week before harvest when applications of chlorothalanil, 

prothioconazole plus tebuconazole, pyraclostrobin, and tebuconazole spray solutions were 

delayed for 3, 6, and 9 days after solution preparation.  

Source Canopy defoliation 

 p-value 

Experiment (Exp) 0.7983 

Mixing Interval (Interval) 0.0004 

Fungicide 0.1046 

No. of Fungicide Sprays (Spray) <0.0001 

Interval*Fung 0.2096 

Interval*Spray 0.0548 

Fung*Spray 0.1143 

Exp*Interval 0.2066 

Exp*Fung 0.6477 

Exp*Spray 0.1331 

Interval*Fung*Spray 0.7604 

Exp*Time*Fung 0.8652 

Exp*Time*Spray 0.0672 

Exp*Fung*Spray 0.9792 

Exp*Interval*Fung*Spray 0.9462 

Coefficient of variation (%) 20.2 
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Table 7.  Peanut defoliation 1 week before harvest when applications of chlorothalanil, 

prothioconazole plus tebuconazole, pyraclostrobin, and tebuconazole spray solutions were 

delayed for 3, 6, and 9 days after solution preparation.
a 

Mixing Interval Canopy defoliation 

days % 

0 52 a 

3 50 a 

6 49 a 

9 44 b 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test 

at p ≤ 0.05.  Data are pooled over fungicide treatments, spray programs, and experiment.   
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Table 8.  Influence of spray program on peanut canopy defoliation 1 week before harvest.
a
   

No. of Fungicide Sprays Canopy defoliation 

 % 

One
b 

74 a 

Three
c 

24 b 

a
Means followed by the same letter are not significantly different according to Fisher’s Protected LSD test at p 

≤ 0.05.  Data are pooled over fungicide treatments, mixing intervals, and experiment.   
b
 Chlorothalanil, prothioconazole plus tebuconazole, pyraclostrobin, or tebuconazole applied at peanut growth 

stage R3.  
c Additional applications of chlorothalonil and pryraclostrobin were made 14 and 28 days after the initial 
fungicide application, respectively. 
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Table 9. P > F for peanut defoliation 1 and 3 weeks before harvest when application of chlorothalanil, 

prothioconazole plus tebuconazole, pyraclostrobin, and tebuconazole each mixed in a low, moderate, and high pH 

water was delayed for 3, 6, and 9 days after solution preparation.   

 Canopy defoliation 

Source 3 weeks before harvest  1 week before harvest 

 
_______________________________________

p-value
___________________________________

 

Experiment (Exp) 0.0919  0.1151 

Mixing Interval (Interval) 0.8757  0.1064 

Fungicide (Fung) 0.9856  0.2987 

Water Source (Water) 0.3497  0.1301 

No. of Fungicide Sprays (Spray) <0.0001  <0.0001 

Exp*Interval 0.0613  0.5871 

Exp*Water 0.5981  0.4785 

Exp*Fung 0.2031  0.0675 

Exp*Spray 0.1011  0.2344 

Fung*Spray 0.8933  0.9056 

Interval*Fung 0.4138  0.7032 

Interval*Water 0.2810  0.5404 

Interval*Spray 0.7544  0.0948 

Water*Fung 0.8333  0.5466 

Water*Spray 0.6280  0.9850 

Exp*Interval*Water 0.8021  0.2882 

Exp*Interval*Fung 0.8647  0.9281 
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Table 9 Continued    

Exp*Water*Fung 0.0111  0.0188 

Exp*Interval*Spray 0.1598  0.9369 

Exp*Water*Spray 0.9291  0.4700 

Exp*Fung*Spray 0.4420  0.9067 

Interval*Water*Spray 0.4048  0.2249 

Interval*Water*Fung 0.3751  0.0027 

Interval*Fung*Spray 0.6779  0.6496 

Water*Fung*Spray 0.6935  0.8375 

Exp*Interval*Water*Fung 0.3321  0.5554 

Exp*Interval*Water*Spray 0.7453  0.9771 

Exp*Interval*Fung*Spray 0.8933  0.6777 

Exp*Water*Fung*Spray 0.0655  0.9994 

Interval*Water*Fung*Spray 0.1190  0.8770 

Exp*Interval*Water*Fung*Spray 0.2122  0.5883 

Coefficient of Variation (%) 32.9  22.0 
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Table 10.  Influence of water source and fungicide on peanut canopy defoliation 3 weeks and 1 week before harvest. 
a
 

 Defoliation 3 weeks before harvest  Defoliation 1 week before harvest 

Water 

source 

Fungicide Field 1 Field 2  Field 1 Field 2 

  
________________________________________

%
________________________________________ 

Low Chlorothalonil 10 bc 8 a  44 ab 39 bc 

 Pyraclostrobin 9 c 10 a  41 abc 40 abc 

 Tebuconazole 10 bc 10 a  39 bc 39 bc 

 Prothioconazole plus tebuconazole 10 bc 10 a  46 a 36 c 

       

Moderate Chlorothalonil 10 bc 10 a  40 abc 41 abc 

 Pyraclostrobin 12 ab 8 a  46 a 38 bc 

 Tebuconazole 9 c 9 a  37 c 37 c 

 Prothioconazole plus tebuconazole 11 abc 8 a  42 abc 40 abc 

       

High Chlorothalonil 13 a 8 a  46 a 38 bc 

 Pyraclostrobin 11 abc 9 a  41 abc 46 a 

 Tebuconazole 11 abc 10 a  41 abc 44 ab 

 Prothioconazole plus tebuconazole 10 bc 10 a  43 abc 39 bc 
a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data pooled 

over mixing intervals.
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Table 11.  Influence of water source, fungicide, and mixing interval on peanut canopy defoliation 1 week before harvest.
a 

  Mixing Interval 

Water source Fungicide 0 9 

  
_________________________

%
_________________________

 

Low Chlorothalonil 43 abc 40 abc 

 Pyraclostrobin 38 cd 43 abc 

 Tebuconazole 39 bcd 40 abc 

 Prothioconazole plus tebuconazole 45 ab 37 cd 

Moderate    

 Chlorothalonil 38 cd 43 abc 

 Pyraclostrobin 43 abc 40 abc 

 Tebuconazole 41 abc 33 d 

 Prothioconazole plus tebuconazole 38 cd 43 abc 

    

High Chlorothalonil 43 abc  41 abc 

 Pyraclostrobin 46 a 42 abc 

 Tebuconazole 43 abc 42 abc 

 Prothioconazole plus tebuconazole 43 abc 39 bcd 
a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data are pooled over 

experiments.   
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Table 12.  Influence of the number of fungicide applications on peanut canopy defoliation 3 weeks before 

harvest  and 1 week before harvest.
a
 

 Canopy defoliation 

No. of fungicide applications 3 weeks before harvest 1 week before harvest 

 
________________________________

%
____________________________

 

One
b 

15 a 55 a 

Three
c 

5 b 27 b 

   
a
Means within the same column followed by the same letter are not different according to Fisher’s Protected 

LSD test at p ≤ 0.05.  Data are pooled over experiments, fungicides, and mixing intervals.   
b
 Chlorothalanil, prothioconazole plus tebuconazole, pyraclostrobin, or tebuconazole applied at peanut growth 

stage R3.  
c Additional applications of chlorothalonil and pryraclostrobin were made 14 and 28 days after the initial 
fungicide application, respectively. 
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Table 13. P > F for canopy height and row visibility 8 WAT when applications application of prohexadione 

calcium was delayed 3, 6, and 9 days after solution preparation and prohexadione calcium was applied twice.   

Source Canopy height Row visibility 

 
_________________

p-value
_________________

 

Experiment (Exp) <0.0001 0.0006 

Mixing Interval (Interval) 0.3022 0.7625 

No. of Sprays (Spray) 0.0002 <0.0001 

Exp*Interval 0.3100 0.3464 

Exp*Spray 0.0565 0.2621 

Interval*Spray 0.4571 0.9290 

Exp*Interval*Spray 0.7822 0.9976 

Coefficient of variation (%) 11.2 13.6 
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Table 14.  Influence of number of prohexadione calcium applications on main stem height and row visibility 

8 WAT.
a
  

No. of prohexadione                  calcium 

applications 

Main stem height Row visibility 

 cm 1-10
b 

One 41 a 4 b 

Two 36 b 6 a 
a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test 

at p ≤ 0.05.  Data pooled over experiments and mixing intervals.   
b
1-10 scale to determine row visibility: 1 = flat canopy with vines completely overlapping in the row middles 

and 10 = triangular- shaped canopy with no vines from adjacent rows touching in the row middles (Mitchem 

et al. 1995). 
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Table 15.  Influence of prohexadione calcium on main stem height and row visibility 8 WAT by experiment.
a 

 Main stem height  Row visibility 

Experiment Prohexadione 

calcium 

Non-treated 

control 

 Prohexadione 

calcium 

Non-treated 

control 

 
____________

cm
____________

  
____________

0-10
b____________

 

Lewiston-Woodville, 2009      

    Field 1 45 a 50  4.6 b 4.0 

    Field 2 43 a 47  4.6 b 3.3 

Rocky Mount, 2010      

    Field 1 32 b 36  6.1 a 3.8 

    Field 2 32 b 36  6.0 a 5.3 
a
Means within a column followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  The non-

treated control was not included in the analysis.  Data pooled over mixing intervals and number of sprays.   
b
1-10 scale to determine row visibility: 1 = flat canopy with vines completely overlapping in the row middles and 10 = triangular- 

shaped canopy with no vines from adjacent rows touching in the row middles (Mitchem et al. 1995). 
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Table 16. P > F for peanut plant condition rating 1 week before harvest following application of 

fungicides to control Sclerotinia blight. 

Source Plant Condition Rating 

 p-value 

Boscalid  

    Experiment <0.0001 

    Mixing Interval 0.6432 

    Experiment*Mixing Interval 0.4142 

  

Fluazinam  

    Experiment <0.0001 

    Mixing Interval 0.4060 

    Experiment*Mixing Interval 0.5128 
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Table 17.  Influence of boscalid on plant condition rating 1 week before harvest.
a 

 Lewiston-Woodville 2009  2010 

Fungicide Field 1 Field 2 Field 3 Field 4 

 Lewiston-

Woodville 
Rocky 

Mount 

 
__________________________________________

Plant condition rating
________________________________________

 

Boscalid 27 b 31 b 28 b 21 c  37 a 15 d 

        

Non-treated 

check 

22 18 31 25  83 40 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data for the non-

treated control were not included in the analysis.  Data are pooled over mixing intervals.   
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Table 18.  Influence of fluazinam on plant condition rating 1 week before harvest.
a 

 Lewiston-Woodville 2009  2010 

Fungicide Field 1 Field 2 Field 3 Field 4 

 Lewiston-

Woodville 
Rocky 

Mount 

 
_____________________________________

Plant condition rating
___________________________________

 

Fluazinam 20 b 19 b 22 b 22 b  42 a 14 c 

        

Non-treated 

control 

10 12 23 16  84 28 

a
Means followed by the same letter are not different according to Fisher’s Protected LSD test at p ≤ 0.05.  Data for the non-

treated control were not included in the analysis.  Data are pooled over mixing intervals.   

 


