
ABSTRACT 

 

CHAHAL, GURINDERBIR SINGH.  Characterization of Biological and Physical 

Interactions Among Pesticides and Other Agrochemicals.  (Under the direction of Drs. David 

L. Jordan and James D. Burton). 

 

 

Field and laboratory experiments were conducted to characterize biological and physical 

interactions of commercially available agrochemicals.  In one experiment, the herbicides 

clethodim, imazapic, imazethapyr, lactofen, sethoxydim, and 2,4-DB were applied in 

combination with adjuvants, fungicides, insecticides, and micronutrients.  In a second 

experiment, efficacy of clethodim and sethoxydim in the presence of chloroacetamide 

herbicides, pyraclostrobin, and 2,4-DB was compared.  In a third experiment, fungicides 

were applied in combination with herbicides, insecticides, and micronutrients for the control 

of diseases.  In a fourth experiment, efficacy of the insecticides acephate with paraquat and 

chloroacetamide herbicides or fenpropathrin and lambda-cyhalothrin with fungicides, 

clethodim or 2,4-DB, micronutrients, and adjuvants were compared.  In a fifth experiment, 

compatibility of the prohexadione calcium co-applied with fungicides, herbicides, 

insecticides, and micronutrients was determined.  In a final experiment, Palmer amaranth 

control by sequential and co-applications of 2,4-DB with acifluorfen or lactofen was 

compared.  Additionally, in one experiment efficacy of glyphosate applied in 37 water 

sources collected across North Carolina was compared with glyphosate applied with 

deionized water.   

With respect to compatibility of co-applied agrochemicals applied with up to five 

components in the mixture, no clear conclusion about compatibility could be established due 

to interactions among treatment factors, experiments, and pest species.  However, some 



general conclusions could be made, although exceptions were noted.  Annual grass control 

by the graminicides clethodim and sethoxydim was not affected by chloroacetmide 

herbicides, insecticides, or 2,4-DB but was affected by pyraclostrobin.  Weed control by 

imazethapyr, imazapic, lactofen, and 2,4-DB was affected the least by insecticide treatment 

but response was variable for other treatment factors.  Although numerous interactions were 

noted when fungicides were applied with other agrochemicals as a single spray, applying two 

additional sprays, which is common in peanut production systems, minimized differences 

observed with the initial co-applied treatments.  Sclerotinia blight control by boscalid and 

fluazinam was not affected by co-applied agrochemicals in most instances.  Injury from 

tobacco thrips feeding was higher when acephate was applied with chloroacetamide 

herbicides while injury specific for herbicides increased when chloroacetamide herbicides 

were included; bentazon decreased injury by paraquat.  Row visibility following application 

of prohexadione calcium was not affected by co-applied agrochemicals.  Peanut injury 

increased in only a few instances when agrochemicals were co-applied compared with 

individual applications, and when injury occurred it was minor and transient.  When pH and 

physical compatibility was compared in the laboratory, the micronutrient boron increased 

solution pH while manganese decreased pH in most instances irrespective of co-applied 

agrochemicals.  Significance of correlations of pest control and solution pH was variable 

across agrochemicals, indicator species, and experiments.  Although numerous agrochemical 

combinations formed precipitants, in most instances vortexing re-established spray solutions.  

Sequential applications of 2,4-DB were as effective as sequential or co-applications of 

acifluorfen or lactofen with 2,4-DB when applied Palmer amaranth exceeding 30 cm in 



height.  Control of cereal rye, common lambsquarters, common ragweed, fall panicum, 

goosegrass, large crabgrass, Italian ryegrass, Palmer amaranth, tall morningglory, and wheat 

by glyphosate applied in water from various sources was inconsistent; however, in most 

cases efficacy was not affected substantially.  Fertilizer solutions containing calcium, 

manganese, and zinc consistently reduced weed control by glyphosate.  Compared with 

deionized water, water quality and fertilizer solutions had little effect on 
14

C-glyphosate 

absorption and translocation in Italian ryegrass 6 hours after treatment.  Significant negative 

correlations were observed between control of most species by glyphosate and water quality 

components (calcium, iron, manganese, zinc, hardness, and pH). 
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CHAPTER I 

 

Influence of Adjuvants, Fungicides, Insecticides, and Micronutrients on Herbicide 

Efficacy 

Gurinderbir S. Chahal, David L. Jordan, Barbara B. Shew, Rick L. Brandenburg,  

Alan C. York, James D. Burton, and David Danehower

 

 

Abstract 

Numerous agrochemicals are applied in peanut production systems.  Field and laboratory 

experiments were conducted in North Carolina to characterize the biological and 

physiochemical interactions that occur when the herbicides imazapic, imazethapyr, lactofen, 

and 2,4-DB were applied in combination with adjuvants, fungicides, insecticides, and 

micronutrients.  A wide range of interactions were observed when comparing across 

herbicides, weed species, and agrochemical combinations.  Results revealed that no general 

conclusion about herbicide compatibility with multiple co-applied agrochemicals can be 
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made without some exceptions.  In general 2,4-DB was the herbicide least affected by co-

applied agrochemicals.  Imazethapyr was affected by co-applied agrochemicals in a manner 

similar to imazapic, and considerable variation in response of lactofen to co-applied 

agrochemicals was noted.  Lambda-cyhalothrin seldom affected herbicide efficacy.   Changes 

in solution pH and precipitates formation varied according to the herbicide combinations 

used.  Micronutrients which are formulated as weak acids or bases contributed the most to 

changes in solution pH.  No correlation was observed between pooled weed control by each 

herbicide and solution pH determined over sampling times except 2,4-DB.    

 

Nomenclature: imazapic; imazethapyr; lactofen; 2,4-DB; pyraclostrobin; chlorothalonil; 

tebuconazole; lambda-cyhalothrin; boron; manganese; conditioning agent; nonionic 

surfactant; large crabgrass, Digitaria sanguinalis (L.) Scop.; Palmer amaranth, Amaranthus 

palmeri (L.) S. Watts; tall morningglory, Ipomoea purpurea (L.) Roth 

Key words: agrochemicals; combinations; precipitates; solution pH  

Abbreviations: d, days; h, hours. 

 

 

Introduction 

Peanut (Arachis hypogaea L.) is an important crop in North Carolina and the southeastern 

United States (Brown, 2011).  The relatively poor competitive ability of peanut necessitates 

season-long weed control to obtain maximize yield (Jordan, 2011; Wilcut et al., 1995).  In 

addition to adverse effects of weed interference, diseases, insects, and nematodes can also be 

deleterious to yield.  Mechanized production systems utilize a wide range of agrochemicals 
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to manage peanut growth and development and minimize the impact of pests on peanut yield 

and quality (Lynch and Mack, 1995; Sherwood et al., 1995; Wilcut et al., 1995).  

 

Monocotyledonous weeds, including annual and perennial grasses and sedges, as well 

dicotyledonous weeds are prevalent in peanut in the United States (Webster, 2009; Wilcut et 

al., 1995).  Comprehensive herbicide programs, in combination with appropriate cultural 

practices, are employed to manage weeds and minimize interference and subsequent yield 

loss (Wilcut et al., 1987, 1995; Wilcut and Swann, 1990).  Herbicides are often co-applied 

either prior to planting (preplant incorporated in conventional tillage or preplant to emerged 

weeds in reduced tillage), immediately following planting (preemergence), or after peanut 

and weeds have emerged (postemergence) to achieve optimum yield (Burke et al., 2003; 

Clewis et al., 2007; Richburg et al., 1996; Wilcut et al., 1994, 1995; York et al., 2004).  

 

Agrochemicals with efficacy against insects and plant parasitic nematodes are often applied 

in the seed furrow at planting and include organophosphate and carbamate insecticides 

(Drake et al., 2009; Minton et al., 1990; Minton and Morgan, 1974).   Pyrethroid insecticides 

are often applied to peanut foliage to control potato leaf hopper (Empoasca fabae Harris), fall 

armyworm [Spodoptera frugiperda (J.E. Smith)], corn earworm (Heliothis zea Boddie), beet 

armyworm (Spodoptera exigua Hübner), and two-spotted spider mites (Tetranychus urticae 

Koch).  Chloropyrifos can be applied at pegging, 45 to 70 days after peanut emergence, to 

control southern corn rootworm (Chapin and Thomas, 1993).  Depending on environmental 
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and edaphic conditions and a range of agronomic and pest management practices, application 

of insecticides may be needed throughout the growing season to protect peanut from damage.   

 

Diseases, caused by viruses, bacteria, or fungi, can reduce peanut yield considerably when 

not controlled.  Fungicides are applied routinely to peanut to control foliar diseases including 

early leaf spot (caused by Cercospora arachidicola Hori), late leaf spot (caused by 

Cercosporidium personatum Berk. & Curtis), and web blotch (caused by Phoma 

arachidicola Marasas, Pauer, and Boerema) (Brenneman et al., 1994; Culbreath et al., 2008; 

Shew and Waliyar, 2005).   Fungicides are also applied to control soil-borne diseases such as 

southern stem rot (caused by Sclerotium rolfsii Sacc.) and Sclerotinia blight (caused by 

Sclerotinia minor Jagger) (Brenneman et al., 1994; Culbreath et al., 2008; Smith et al., 

1992).  Although variation is noted among geographical regions, years, and environmental 

conditions, during a typical growing season fungicides are applied either singly or in 

combination beginning approximately 45 days after peanut emergence and continuing 

throughout the remainder of the growing season up to several weeks prior to digging and 

vine inversion at approximately 135 days after planting (Sherwood et al., 1995; Smith and 

Littrell, 1980).  Fungicide programs to control early and late leaf spot and stem rot often 

include bi-weekly sprays during this period.  Fungicides applied to control these diseases 

provide protection for a period of two weeks under most environmental conditions (Shew 

and Waliyar, 2005). 
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The micronutrients boron and manganese are applied routinely to optimize peanut growth 

and development and in the case of boron to ensure proper kernel development (Gascho and 

Davis, 1995; Harris and Brolman, 1966; Powell et al., 1996).  Because peanut is often grown 

on coarse-textured soils, boron deficiencies can arise due to leaching (Jordan , 2011).  Single 

and, in some cases, multiple applications of boron-containing foliar solutions are applied 45 

to 70 days after peanut emergence (Gascho and Davis, 1995).  Manganese deficiency occurs 

frequently in peanut because of liming and target soil pH above 6.0.  Correcting manganese 

deficiency is achieved by foliar applications when visible symptoms become apparent, 

although some growers apply manganese irrespective of plant symptomology (Powell et al., 

1996). 

 

A diversity of pesticide active ingredients is available for use in peanut production systems 

(Brandenburg, 2011; Jordan, 2011; Shew, 2011).  Currently, 19 herbicide active ingredients, 

16 insecticide active ingredients, and 20 fungicide active ingredients representing the major 

modes of action can be applied during the peanut growing season.  Three fumigants, two 

micronutrients, and one plant growth regulator can be used in peanut.  A wide range of 

advertised plant growth stimulants are available.  The biotic and abiotic stresses mentioned 

previously often occur simultaneously during the peanut growing season, and timing of 

application for many agrochemicals overlap.  Therefore, there is often a need to apply 

herbicides, fungicides, insecticides, and foliar micronutrients simultaneously in peanut 

production systems.  This approach is preferable because of convenience, savings in time, 

reduced application costs, and lower labor costs.  Additionally, applying multiple pesticides 
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with different modes of action is an important resistance management strategy for pests 

(Brandenburg, 2011; Jordan, 2011; Shew, 2011).  In spite of above mentioned benefits, 

incompatibility can be associated with these mixtures.  Co-applying pesticides can negatively 

influence agrochemical efficacy and increase crop phytotoxicity (Green, 1989; Hatzios and 

Penner, 1985).  Defining interactions of agrochemicals is important when considering 

applying agrochemicals simultaneously (Barrett 1993; Green, 1989; Hatzios and Penner, 

1985; Nash, 1981; Wehtje et al., 1992).  

 

Incompatibility can occur through physiochemical interactions in the spray tank, while 

biological incompatibility occurs on the plant surface or by affecting physiological processes 

associated with absorption, translocation, and metabolism.  Lack of physiochemical 

compatibility of different agrochemicals in the spray tank may lead to the formation of 

precipitates or flakes which may adversely affect application equipment such as screens and 

nozzles reducing flow and consequently decreasing pest control (Houghton, 1982).  In 

biological incompatibility, the biological activity of one ingredient is affected by the 

biological activity of the other (Johanson and Kaldon, 1972).  Various types of interactions 

can occur on the plant surface and inside the plant when agrochemicals are applied 

simultaneously.  These interactions may occur due to absorption, translocation, or 

metabolism of agrochemicals in target pests (Cohen, 1984; Maestri and Currier, 1958; 

Putnam and Penner, 1974; Smith, 1983).  To overcome these adverse interactions, more 

efficacious formulations or spray adjuvants can be used (McWhorter, 1982).  Adjuvants can 

increase herbicide efficacy by improving the physical characteristics of the carrier while 
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other adjuvants enhance agrochemical movement through waxy or dry cuticles of plants or 

by reducing surface tension of spray solutions or by hydrating the leaf surface (Hazen, 2000).  

 However, in some instances, these interactions can increase crop phytotoxicity and decrease 

pest control (Byrd and York, 1988; Franzen et al., 2003; Jordan et al., 2003; Pankey et al., 

2004).  Research has been conducted to define interactions between herbicides (Askew et al., 

1999; Burke et al., 2004; Culpepper et al., 1998; Flint and Barrett, 1989; Jordan and York, 

1989; Wehtje et al., 1992 ), herbicides and fungicides (Jordan et al., 2003; Lancaster et al., 

2005a, 2008), herbicides and insecticides (Grichar and Prostko, 2009; Lancaster et al., 

2005b), and herbicides and micronutrients and other fertilizer solutions (Jordan et al., 2006; 

Lancaster et al., 2005b; Nalewaja and Matysiak, 1993).  Although some interactions 

described in the literature have been defined for some three-way mixtures, reports on the 

interactions of four or five-way components is limited (Lancaster et al., 2008). 

 

 Defining interactions among agrochemicals is important in assisting growers and their 

advisors as they make decisions on co-application of these products.  Therefore, the 

objectives of this study were to test for interactions when herbicides are applied alone or in 

combination with adjuvants, fungicides, insecticides, and micronutrients with respect to weed 

control and to determine changes in solution characteristics with these combinations. 

 

Materials and Methods 

Interactions of herbicides with other agrochemicals in the field: Research was conducted 

in North Carolina during 2008 and 2009 at the Central Crops Research Station located near 
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Clayton, the Peanut Belt Research Station located near Lewiston-Woodville, and the Upper 

Coastal Plain Research Station located near Rocky Mount.  Soils were a Johns sandy loam 

soil (fine-loamy over sandy, siliceous, semiactive, thermic Aquic Hapludults) at Clayton, a 

Goldsboro fine sandy loam soil (fine-loamy, siliceous, subactive, thermic Aquic Paleudults) 

at Rocky Mount, and a Norfolk sandy loam (fine-loamy, kaolinitic, thermic Typic 

Kandiudults) at Lewiston-Woodville.  Efficacy of different herbicides was evaluated in 

separate experiments in peanut or in non-crop areas.  Plot size was 2.4 by 4.6 m.  Treatments 

included application of imazapic
1
, imazethapyr

2
, lactofen

3
, and 2,4-DB

4 
alone or in 

combination with three levels of fungicide (none, chlorothalonil
5
 plus tebuconazole

6
, or 

pyraclostrobin
7
), two levels of insecticide (none or lambda-cyhalothrin

8
), three levels of 

micronutrient (none, boron
9
, or manganese

10
), and two levels of adjuvant (nonionic 

surfactant
11

 or conditioning agent
12

 for imazapic, imazethapyr, and lactofen and no adjuvant 

or conditioning agent for 2,4-DB).  The peanut cultivar Philips was used in all experiments 

and peanuts were planted in the first two weeks of May in each year (Isleib et al., 2006). 

 

Large crabgrass and Palmer amaranth control by imazapic were evaluated at two sites at 

Clayton.  The weeds were of 15-20 cm tall when imazapic was applied with other 

agrochemicals.  Palmer amaranth control by imazethapyr was evaluated at Clayton.  At the 

time of application, Palmer amaranth was 35-40 cm tall.  Efficacy of lactofen on Palmer 

amaranth was evaluated at two sites at Clayton and one site at Rocky Mount.  The height of 

Palmer amaranth was in the range of 20-25 cm when lactofen five-way combinations were 
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applied.  Tall morningglory control by 2,4-DB was evaluated at three sites at Rocky Mount.  

Tall morningglory was 40-50 cm tall at the time of application.  

 

Treatments were applied at the manufacturer‟s suggested use rate using a CO2-pressurized 

backpack sprayer calibrated to deliver 140 L/ha using flat-fan nozzles
13 

at 275 kPa (Table 1).  

Visual estimates of percent weed control were recorded 3 weeks after treatment using a scale 

of 0 to 100% where 0 = no weed control and 100 = complete weed control (Frans et al., 

1986).  Foliar chlorosis, necrosis, and plant stunting were considered when making the visual 

estimates.  Peanut injury with herbicides was visually estimated 1 week after treatment using 

a scale of 0 to 100% where 0 = no crop injury and 100 = complete burning of the foliage.  

The experimental design was a randomized complete block with treatments replicated four 

times.  

 

Physicochemical compatibility of herbicides with other agrochemicals: Laboratory 

experiments were conducted to compare physiochemical compatibility of the herbicides 

combinations at rates compared in the field using the same spray volume and application rate 

(Table 1).  In contrast to field experiments where a municipal water source was used, 

deionized water at pH 6.3 was used in the laboratory experiments.  Agrochemicals were 

mixed in the following order: flowables (chlorothalonil, lambda-cyhalothrin, and 

tebuconazole), aqueous suspension (imazapic and imazethapyr), emulsifiable concentrates 

(lactofen, pyraclostrobin, and 2,4-DB), and soluble liquids (conditioning agent and nonionic 

surfactant), and liquids (boron and manganese).  Conditioning agent was added first in the 



10 

 

solution to counteract the effect of ions in the carrier on herbicide.  Herbicides solutions were 

prepared in a final volume of 80 mL in sterilized plastic specimen cups
14

 of 120 mL capacity.  

After mixing different agrochemicals, solution was vortexed
15

 immediately and checked for 

precipitates followed by determining pH using a portable pH meter
16

.  Solutions were 

allowed to sit for 6 h after the time of mixing, checked for precipitates, vortexed, and re-

checked for precipitates followed by pH determination.  Similarly, mixtures were allowed to 

sit for 24 and 72 h after the initial solution preparation using the same procedure.  Presence 

or absence of precipitates were determined visually and described as Yes or No, respectively.  

Any visual depositions on the bottom of the specimen cup or the presence of suspended 

solids in the solution were considered as precipitates.  Two types of precipitates, temporary 

and permanent, were noticed when herbicides were mixed with other agrochemicals.  

Temporary precipitates went back into solution on vortexing while permanent precipitates 

did not go into solution after vortexing.  Experiments were conducted as a completely 

randomized design with two replications and the experiment was repeated.  

 

Statistical Analysis: Data for visual estimates of percent weed control and solution pH were 

subjected to ANOVA using the PROC GLM procedure of SAS
17

 appropriate for the factorial 

arrangement of treatments using expected mean squares to test fixed and random effects.  

Means of significant main effects and interactions were separated using Fisher‟s Protected 

LSD test at p ≤ 0.05.  F-statistic and Pearson correlation coefficients between pooled weed 

control for each herbicide and pH determined at four time intervals were calculated by using 

the PROC CORR statement in SAS. 



11 

 

Results and Discussion 

Interaction of herbicides with other agrochemicals in the field: Various interactions were 

noted when imazapic, imazethapyr, lactofen, and 2,4-DB were applied in combination with 

of fungicides, insecticides, micronutrients, and adjuvants for the control of large crabgrass, 

Palmer amaranth, and tall morningglory (Tables 2 and 3). 

 

Large crabgrass control by imazapic was affected by interactions of experiment X 

micronutrient X adjuvant, fungicide X insecticide X adjuvant, fungicide X insecticide X 

micronutrient, and micronutrient X adjuvant (Table 2).  Applying imazapic either with a 

conditioning agent or with a conditioning agent plus boron or nonionic surfactant plus 

manganese controlled large crabgrass more effectively than imazapic with nonionic 

surfactant (Table 4).  When compared to imazapic plus nonionic surfactant, no difference in 

large crabgrass control was noted in one experiment regardless of micronutrient and adjuvant 

combinations with control always 80% or more (Table 5).  In the second experiment, control 

of large crabgrass by imazapic plus conditioning agent or imazapic plus conditioning agent 

plus boron or imazapic plus nonionic surfactant plus manganese was greater than imazapic 

plus nonionic surfactant (Table 5).  

 

Imazapic applied with pyraclostrobin plus nonionic surfactant or with chlorothalonil plus 

tebuconazole plus nonionic surfactant plus with or without lambda-cyhalothrin reduced large 

crabgrass control compared with imazapic plus nonionic surfactant (Table 6.).  When 

compared with imazapic alone, no difference in large crabgrass control was observed by 
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combinations of imazapic with fungicides, insecticides, and micronutrients (Table 7).  

However, imazapic applied with manganese was more effective in controlling large crabgrass 

than imazapic alone (Table 7).  

 

The interaction of micronutrient X adjuvant was significant for Palmer amaranth control 

using imazapic (Table 2).  Control of Palmer amaranth by combinations of imazapic with 

micronutrients and adjuvants ranged from 80 to 87% (Table 8).  Imazapic combined with 

conditioning agent controlled Palmer amaranth more effectively than imazapic with nonionic 

surfactant (Table 8).  Combinations of imazapic with boron plus nonionic surfactant resulted 

in less Palmer amranth control than imazapic plus nonionic surfactant (Table 8).  No crop 

injury was observed when imazapic was applied with different levels of fungicides, 

insecticides, micronutrients, and adjuvants for the control of large crabgrass and Palmer 

amaranth in peanut (data not shown). 

 

Significant interaction of experiment X fungicide X insecticide X micronutrient X adjuvant 

was noted for Palmer amaranth control by imazethapyr, therefore, data are presented for each 

experiment (Table 3).  In one experiment, interactions of insecticide X adjuvant, fungicide X 

insecticide X micronutrient, and fungicide X micronutrient X adjuvant were significant for 

Palmer amaranth control by imazethapyr (Table 3).  In the second experiment, an interaction 

of fungicide X insecticide X micronutrient X adjuvant was noted (Table 3).  Applying 

imazethapyr with lambda-cyhalothrin plus conditioning agent reduced Palmer amaranth 

control when compared with imazethapyr plus nonionic surfactant (Table 9).  Several 
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combinations of imazethapyr with fungicides, insecticide, and micronutrient reduced Palmer 

amaranth control compared with imazethapyr (Table 10).  Co-application of imazethapyr 

with lambda-cyhalothrin did not affect Palmer amaranth control by imazethapyr (Table 10).  

In most instances, application of imazethapyr with fungicides, micronutrients, and adjuvants 

controlled Palmer amaranth less effectively than imazethapyr plus nonionic surfactant (Table 

11).  Different combinations of imazethapyr with fungicides, micronutrients, and adjuvants 

controlled Palmer amaranth 56 to 75% (Table 11).  A greater variation in response was noted 

when imazethapyr was applied in combination with fungicides, insecticides, micronutrients, 

and adjuvants compared with imazethapyr plus nonionic surfactant (Table 12).  Several 

combinations of imazethapyr with manganese, pyraclostrobin or chlorothalonil plus 

tebuconazole, lambda-cyhalothrin, and nonionic surfactant resulted in less Palmer amaranth 

control than imazethapyr with nonionic surfactant (Table 12).  Previous research indicates 

that the control of smooth pigweed (Amaranthus hybridus L.) by imazethapyr was not 

affected when applied in combination with chlorothalonil, propiconazole, tebuconazole, 

fluazinam, propiconazole plus flutolanil, or propiconazole plus trifloxystrobin (Jordan et al., 

2003). 

 

Palmer amaranth control by lactofen was affected by interactions of experiment X fungicide 

X micronutrient X adjuvant and fungicide X insecticide X adjuvant (Table 2).  When 

compared to lactofen with nonionic surfactant, no difference in Palmer amaranth control was 

noted when lactofen was applied with fungicides, insecticides, and adjuvants (Table 13).  In 

an experiment at Rocky Mount, combinations of lactofen with fungicides, micronutrients, 
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and adjuvants did not reduce Palmer amaranth control compared to lactofen plus nonionic 

surfactant (Table 14).  In one experiment at Clayton, including chlorothalonil plus 

tebuconazole, manganese, and conditioning agent with lactofen reduced Palmer amaranth 

control compared to control by lactofen with nonionic surfactant (Table 14).  Control of 

Palmer amaranth ranged from 59 to 81% when lactofen was applied with different 

agrochemicals in experiment one at Clayton (Table 14).  Combinations of lactofen plus 

conditioning agent plus chlorothalonil plus tebuconazole; lactofen plus conditioning agent 

plus chlorothalonil plus tebuconazole plus boron; lactofen plus nonionic surfactant plus 

chlorothalonil plus tebuconazole plus manganese; lactofen plus conditioning agent were less 

effective in second experiment at Clayton than lactofen plus nonionic surfactant (Table 14).  

Peanut injury ranging from 5 to 25% was observed when lactofen was applied alone or in 

combination with other agrochemicals (data not shown). 

 

Interactions of experiment X fungicide X adjuvant and experiment X insecticide were 

significant for tall morningglory control using 2,4-DB (Table 2).  No difference in control 

was noted in one experiment conducted in 2008 when 2,4-DB was applied with or without 

lambda-cyhalothrin (Table 15).  In the second experiment conducted in 2008, control of tall 

morningglory by 2,4-DB plus lambda-cyhalothrin was greater than 2,4-DB alone, however, 

the opposite response was noted in 2009 (Table 15).  Nearly complete control was noted in 

all the three experiments when 2,4-DB was applied with or without different agrochemicals 

(Table 16).  When compared with 2,4-DB alone, no difference in tall morningglory control 

was observed regardless of the addition of fungicides or adjuvants across the two 
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experiments in 2008 (Table 16).  However, in 2009 co-application of 2,4-DB with 

conditioning agent controlled tall morningglory less effectively than 2,4-DB alone (Table 

16).  Previous research indicates that co-application of fungicides, insecticides, and 

micronutrients did not affect tall morningglory control by 2,4-DB (Lancaster et al., 2005c).  

Combinations of 2,4-DB with other agrochemicals did not cause peanut injury (data not 

shown). 

 

Physiochemical compatibility of herbicides with other agrochemicals: No significant 

interaction of fungicide X insecticide X micronutrient X adjuvant X sampling time was noted 

for solution pH for imazapic (Table 17).  Interactions of fungicide X micronutrient X 

adjuvant X sampling time and fungicide X insecticide X micronutrient X adjuvant were 

noted for solution pH imazapic (Table 17).  Solutions containing imazapic plus nonionic 

surfactant had average pH values 5.87, 6.06, 6.16, and 6.20 at 0, 6, 24, and 72 h, respectively 

(data not presented in tables).  The pH values were ranged from 2.86 to 9.33 when imazapic 

was applied with different levels of fungicides, insecticides, micronutrients, and adjuvants 

(Table 18).  A slight change in pH of imazapic plus nonionic surfactant was observed across 

time intervals.  Solution pH ranges for different imazapic solutions were 2.82 to 9.32, 2.88 to 

9.34, 2.89 to 9.36, and 2.85 to 9.32 at 0, 6, 24, and 72 h sampling time, respectively (Table 

19).  Imazapic solutions containing boron had pH in highly alkaline range of 9.16 to 9.33 

while solutions with added manganese had pHs in the acidic range 2.86 to 3.13 (Tables 18 

and 19).  Regardless of time interval and other agrochemicals, addition of conditioning agent 

with boron lowered pH values slightly as compared to solutions containing nonionic 
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surfactant with boron (Tables 18 and 19).  However, in the presence of manganese, pH 

values increased when conditioning agent was added to solutions irrespective of time and 

other agrochemicals (Tables 18 and 19).  Insecticide and fungicides had the least effect on 

solution pH when compared to pH of imazapic with nonionic surfactant (Tables 18 and 19).  

When comparing solution pH across sampling time, change in pH values were noticed with 

time when compared to pH values at the time of mixing (Table 19).   

 

In several instances, temporary precipitates were produced in solutions containing imazapic 

and other agrochemicals (Table 20).  Permanent precipitates formed only with imazapic plus 

nonionic surfactant plus chlorothalonil plus tebuconazole plus with or without lambda-

cyhalothrin plus manganese, imazapic plus conditioning agent plus chlorothalonil plus 

tebuconazole plus lambda-cyhalothrin plus manganese (Table 20).  Precipitates (temporary 

or permanent) were formed at the time of mixing and were seen at the bottom of the 

specimen cup throughout the sampling period.  This study showed that the formation of 

either temporary or permanent precipitates depends on the formulations of agrochemicals 

present in a solution.  For instance, permanent precipitates were produced in solution having 

imazapic plus chlorothalonil plus tebuconazole plus manganese plus nonionic surfactant but 

with the substitution of nonionic surfactant with conditioning agent resulted in the formation 

of temporary precipitates across sampling times (Table 20). 

 

The pH of imazethapyr solutions was affected by the interaction of fungicide X insecticide X 

micronutrient X adjuvant at 0, 6, 24, and 72 h sampling times (Table 21).  Average pH of 
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imazethapyr plus nonionic surfactant solution was 5.88, 5.96, 6.02, and 6.50 at 0, 6, 24, and 

72 h, respectively (data not presented in tables).  Solution pH of imazethapyr and other 

agrochemicals ranged from 2.78 to 9.44 across sampling times (Tables 22, 23, 24, and 25).   

Addition of boron and manganese changed the solution pH to highly alkaline and highly 

acidic, respectively, as it was observed for imazapic solutions discussed previously (Tables 

22, 23, 24, and 25).  Solution pH slightly increased over sampling time after initial 

preparation in solutions with imazethapyr plus pyraclostrobin plus lambda-cyhalothrin plus 

nonionic surfactant and imazethapyr plus pyraclostrobin plus nonionic surfactant.  Lambda-

cyhalothrin did not change solution pH when compared to pH of imazethapyr plus nonionic 

surfactant (Tables 22, 23, 24, and 25). 

 

Precipitates were formed at all time intervals after initial preparation for imazethapyr 

solutions (Table 26).  Permanent precipitates were formed with solutions containing 

imazethapyr plus nonionic surfactant plus chlorothalonil plus tebuconazole plus lambda-

cyhalothrin plus manganese and imazethapyr plus conditioning agent plus chlorothalonil plus 

tebuconazole plus lambda-cyhalothrin plus manganese at intervals following solution 

preparation (Table 26).  Temporary precipitates were produced in several imazethapyr 

solutions, although vortexing allowed solutions to be reconstituted (Table 26).  

 

The interaction of fungicide X insecticide X micronutrient X adjuvant was significant for pH 

at 0, 24, and 72 h sampling times for solutions with lactofen, fungicides, insecticides, 

micronutrients, and adjuvants (Table 27).  Interactions of fungicide X micronutrient X 
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adjuvant and insecticide X micronutrient were noted for pH determined at 6 h for lactofen 

solutions (Table 27).  Average pH of lactofen with nonionic surfactant was 4.58, 4.56, 4.74, 

and 4.80 at 0, 6, 24, and 72 h, respectively (data not presented in tables).  Combinations of 

lactofen, fungicides, insecticides, adjuvants had pH ranging from 4.58 to 6.39 across time 

intervals (Tables 28, 31, and 32).  Inclusion of boron in solutions raised pH from 6.30 to 9.46 

across sampling times (Tables 28, 29, 30, 31, and 32), while the inclusion of manganese in 

solutions lowered solution pH (2.42 to 2.90) across sampling times (Tables 28, 29, 30, 31, 

and 32).  In the absence of micronutrients, addition of lambda-cyhalothrin slightly increased 

solution pH compared to solution with lactofen only (Table 29).  Addition of conditioning 

agent increased or decreased the solution pH in the presence of micronutrients boron or 

manganese, respectively (Tables 30, 31, and 32). 

 

Several solutions produced temporary and permanent precipitates at all sampling times when 

lactofen was applied with different levels of fungicides, insecticides, micronutrients, and 

adjuvants (Table 33).  Many of the lactofen combinations showed temporary precipitates 

(Table 33).  Solutions with lactofen plus pyraclostrobin plus lambda-cyhalothrin plus 

nonionic surfactant did not form precipitates at 0 and 6 h after initial solution preparation but 

produced temporary precipitates at 24 and 72 h after the initial mixing (Table 33).  Lactofen 

with chlorothalonil plus tebuconazole either with or without lambda-cyhalothrin plus 

manganese plus conditioning agent, led to the formation of permanent precipitates (Table 

33).  Unlike imazapic solutions, replacement of nonionic surfactant with conditioning agent 
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in lactofen solutions with chlorothalonil plus tebuconazole plus manganese resulted in 

formation of permanent precipitates (Table 33). 

 

Solution pH containing 2,4-DB was affected by interactions of micronutrient X adjuvant X 

sampling time and fungicide X insecticide X micronutrient X adjuvant of sampling interval 

(Table 17).  For solutions of 2,4-DB alone, the average pH was 7.90, 7.89, 7.84, and 7.58 at 

0, 6, 24, and 72 h, respectively,  indicating a slight decrease in pH over sampling times (data 

not presented in tables).  Unlike other herbicide solutions, addition of 2,4-DB to deionized 

water (pH = 6.3) changed the initial solution pH to alkaline (6.3 to 8.0) (data not presented in 

tables). Although boron raised the solution pH above 9.0, the change in solution pH was 

much lower as compared to that observed for the herbicides imazapic, imazethapyr, and 

lactofen (Tables 34 and 35).  Regardless of sampling times, inclusion of manganese in 2,4-

DB solutions did not lower pH below 4.0 (Tables 34 and 35).  Addition of conditioning agent 

with boron decreased solution pH slightly, however, when added with manganese a slight 

increase in pH was noticed with conditioning agent irrespective of fungicide and insecticide 

treatment (Tables 34 and 35).  A slight decrease in solution pH was noted for solution 

containing 2,4-DB alone at 24 nd 72 h sampling intervals (Table 35). 

 

Solutions containing 2,4-DB with chlorothalonil plus tebuconazole and lambda-cyhalothrin 

regardless of micronutrients produced permanent precipitates at all sampling times (Table 

36).  Addition of conditioning agent to the abovementioned 2,4-DB solutions containing 

boron resulted in the changed precipitates from permanent to temporary, although these 
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results were not observed for 2,4-DB solutions containing manganese (Table 36).  Solution 

of 2,4-DB and manganese without other agrochemicals also produced permanent precipitates, 

although conditioning agent helped in restoring solution integrity (Table 36).  Solutions with 

2,4-DB and chlorothalonil plus tebuconazole, lambda-cyhalothrin, boron, and conditioning 

agent had temporary precipitates at 0 and 6 h after mixing but precipitates changed to 

permanent by 24 h sampling interval (Table 36).  

 

No significant correlations were noted between the control of different weed species by 

imazapic, imazethapyr, and lactofen and pH values determined at four time intervals (Table 

37).  Significant interactions were noticed for tall morningglory control by 2,4-DB and pH 

values measured at 0, 6, 24, and 72 h (Table 37). 

 

On the whole, field experiments showed that weed control by combinations of imazapic, 

imazethapyr, lactofen, and 2,4-DB varied widely.  In many instances, conditioning agent 

increased control of Palmer amaranth by imazapic over imazapic with nonionic surfactant in 

absence of other agrochemicals.  Several adverse interactions were noted when comparing 

control of large crabgrass by imazapic alone or in combination with other agrochemicals.  

Combinations of imazapic plus nonionic surfactant plus chlorothalonil plus tebuconazole 

plus lambda-cyhalothrin and imazapic plus nonionic surfactant plus pyraclostrobin reduced 

large crabgrass control by imazapic.  Results from the compatibility study demonstrated the 

formation of precipitates (temporary or permanent) with most of these combinations.  

Therefore, reduction in weed control with these combinations might be due to the decrease in 
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the deliverance of herbicide active ingredient to plants and consequently reduction in 

herbicide phytotoxicity.  In many instances, Palmer amaranth control was reduced when 

imazethapyr was applied in combination with other agrochemicals.  Addition of insecticide 

had the least affect on Palmer amaranth control by imazethapyr. 

 

Lactofen applied with chlorothalonil plus tebuconazole, boron or manganese, conditioning 

agent were less effective than lactofen with nonionic surfactant.  Our results demonstrated 

that control of tall morningglory was at least 90% when 2,4-DB was applied in combination 

with different agrochemicals.  Results from field experiments demonstrated the complexity 

of defining interactions when these herbicides are applied in three, four or five-way 

combinations on different weed species.  Peanut injury was observed only with lactofen five-

way combinations. 

 

Results of physiochemical compatibility study showed that addition of micronutrients boron 

and manganese can make dramatic changes in pH of the spray solution.  Our results showed 

that boron raises pH above 9.0 while addition of manganese brings down pH to highly acidic 

range.  Regardless of other agrochemicals in the solution, conditioning agent slightly altered 

solution pH when applied with micronutrients compared to nonionic surfactant.  Fungicides 

and insecticides had the least effect on pH of spray solutions.  Presence of fungicide 

chlorothalonil plus tebuconazole in the solution led to the formation of precipitates in several 

instances.  In some instances, conditioning agent in place of nonionic surfactant did not 

produce permanent precipitates irrespective of other agrochemicals in the solution.  Results 
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of physiochemical compatibility studies suggested that several herbicides combinations 

produced temporary precipitates at different time intervals but the precipitates can be brought 

back into solution after agitation.  
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Source of Materials 

1
Cadre Herbicide

®
, BASF Corporation, Research Triangle Park, NC 27709. 

 
2
Pursuit Herbicide

®
, BASF Corporation, Research Triangle Park, NC 27709. 

 
3
Cobra Herbicide

®
, Valent USA, Walnut Creek, CA 94596. 

 
4
Butyrac 200 Herbicide

®
, Albaugh Inc., Ankeny, IA 50021. 

 
5
Bravo Weather Stik

®
, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

  27419. 

 
6
Folicur® 3.6 F Foliar Fungicide, Bayer Cropscience LP, P.O. Box 12014, Alexander Drive,  

  Research Triangle Park, NC 27709. 

 
7
Headline fungicide, BASF Corporation, Research Triangle Park, NC 27709. 

 
8
Karate Z insecticide, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

   27419. 

 
9
Nutrisol

 
10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 
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10

Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
11

Induce®, blend of alkylarylpolyoxylkane ether, free fatty acids, and isopropyl (90%), and 

   water and formulation acids (10%). Helena Chemical Corporation, 225 Schilling Blvd., 

   Suite 300, Collierville, TN 38017. 

 
12

CLASS
®

 ACT
®

NG, Water conditioning agent and nonionic surfactant blend, Winfield   

   Solutions, LLC, P.O. Box 64589, St. Paul, MN 55164. 

 
13

TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

   IL 60189. 

 
14

Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn NJ   

   07410. 

 
15

Vortex Genie 2
TM

, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
16

Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
17

Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

   NC 27513. 
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Table 1. Application rates of herbicides, fungicides, insecticide, micronutrients, and adjuvants  

applied in weed control experiments. 

 
Agrochemicals  Trade name Classification Rate  

      

  Imazapic   Cadre Herbicide 70 g ai/ha 

  Imazethapyr   Pursuit Herbicide 70 g ai/ha 

  Lactofen   Cobra Herbicide 220 g ai/ha 

  2,4-DB   Butyrac 200 Herbicide 280 g ai/ha 

  Chlorothalonil  

  Tebuconazole  

 Bravo WeatherStik 

 Folicur 

Fungicide 

Fungicide 

840 g ai/ha 

 220 g ai/ha 

  Pyraclostrobin   Headline Fungicide 170 g ai/ha 

  Lambda-cyhalothrin    Karate Z  Insecticide 17 g ai/ha 

  Boron    Nutrisol 10% B Micronutrient 2.34 L/ha 

  Manganese    Nutrisol 8% Mn  Micronutrient 2.34 L/ha 

  Conditioning agent plus   

   nonionic surfactant  

  Class Act®NG  Adjuvant 1.0% (v/v) 

  Nonionic surfactant    Induce  Adjuvant 0.25% (v/v) 

 

 

 
 

 

 

             



30 

 

           Table 2. P > F for main effects and interactions 21 d after application when imazapic, lactofen,  

           and 2,4-DB were applied alone or in combination with fungicides, insecticides, micronutrients,  

           and adjuvants for the control of various weeds in the field. 

 

 

 

Source 

Imazapic  Imazapic  Lactofen  2,4-DB 

Palmer 

amaranth 

 Large 

crabgrass 

 Palmer 

amaranth 

 Tall 

morningglory 

 ____________________________p-value__________________________ 

Experiment (Exp) <.0001  0.0025  <.0001  <.0001 

Fungicide (Fung) 0.0582  0.4139  0.0692  0.0435 

Micronutrient (Micro) 0.0006  0.0096  0.2090  <.0001 

Insecticide (Ins) 0.4924  0.1232  0.1067  0.9232 

Adjuvant (Adju) 0.2212  0.1131  0.0684  0.5533 

Fung*Micro 0.6631  0.6537  0.5776  0.1859 

Fung*Ins 0.7500  0.3345  0.1705  0.1545 

Fung*Adju 0.4916  0.4227  0.0747  0.8002 

Ins*Micro 0.2369  0.8232  0.6292  0.2867 

Micro*Adju 0.0001  0.0002  0.1701  0.5249 

Ins*Adju 0.1345  0.6080  0.2554  0.2201 

Fung*Ins*Micro 0.8600  0.0540  0.1905  0.2723 

Fung*Micro*Adju 0.2585  0.9349  0.0648  0.6972 

Ins*Micro*Adju 0.6126  0.9291  0.0734  0.9642 

Fung*Ins*Adju 0.2648  0.0456  0.0444  0.2697 

Fung*Ins*Micro*Adju 0.7333  0.7030  0.3914  0.3171 

Exp*Fung 0.6025  0.5452  0.1933  0.1694 

Exp*Micro 0.8620  0.1119  0.1922  0.7647 

Exp*Ins 0.7291  0.1707  0.0727  0.0036 

Exp*Adju 0.3983  0.7957  0.0072  0.5749 
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Table 2 continued        

Exp*Fung*Micro 0.4957  0.4631  0.5345  0.3273 

Exp*Fung*Ins 0.4537  0.3369  0.2126  0.5949 

Exp*Fung*Adju 0.7215  0.9810  0.7980  0.0262 

Exp*Ins*Micro 0.6997  0.7374  0.0939  0.1696 

Exp*Micro*Adju 0.1836  0.0091  0.0004  0.2926 

Exp*Ins*Adju 0.0861  0.1244  0.0625  0.4441 

Exp*Fung*Ins*Micro 0.6315  0.2078  0.5268  0.6291 

Exp*Fung*Micro*Adju 0.6802  0.5027  <.0001  0.1369 

Exp*Ins*Micro*Adju 0.9274  0.6295  0.0780  0.6992 

Exp*Fung*Ins*Adju 0.5033  0.9946  0.1700  0.9156 

Exp*Fung*Ins*Micro*Adju 0.7055  0.7613  0.9637  0.6715 

Coefficient of variation (%) 6.8  5.9  16.5  11.9 
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Table 3. P > F for main effects and interactions 21 d after application when  

 imazethapyr was applied alone or in combination with fungicides, insecticides,  

micronutrients, and adjuvants for the control of Palmer amaranth. 

 

 

 

 

 

 

 

Source 

Imazethapyr 

Palmer 

amaranth 

Palmer 

Amaranth 

Experiment 1 Experiment 2 

 ____________p value___________ 

Fungicide (Fung) 0.0001 0.3036 

Micronutrient (Micro) 0.0030 <.0001 

Insecticide (Ins) 0.2984 0.3355 

Adjuvant (Adju) 0.4782 0.0069 

Fung*Micro 0.2984 0.0178 

Fung*Ins 0.0064 0.1333 

Fung*Adju 0.7120 0.1276 

Ins*Micro 0.1004 0.6604 

Micro*Adju 0.4895 <.0001 

Ins*Adju 0.0181 0.7811 

Fung*Ins*Micro 0.0449 0.0066 

Fung*Micro*Adju 0.0049 0.0077 

Ins*Micro*Adju 0.1853 0.8749 

Fung*Ins*Adju 0.5447 0.0341 

Fung*Ins*Micro*Adju 0.3562 0.0090 

Coefficient of variation (%) 8.5 13.0 
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                Table 4. Control of large crabgrass 21 d after application when imazapic was applied alone or in           

                combination with micronutrients and adjuvants.a  

 

 

Micronutrient 

Adjuvant 

Nonionic surfactant Conditioning agent 

 _______________________________%______________________________ 

None 81 cd 84 a 

Boron 80 d 83 ab 

Manganese 84 a 82 cd 

 

  aMeans followed by the same letter are not significantly different according to Fisher‟s Protected    

 LSD test at p ≤ 0.05. Data are pooled over fungicides, insecticides, and experiments. 
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Table 5. Control of large crabgrass 21 d after application when imazapic was applied alone or in 

 combination with micronutrients and adjuvants at Clayton in 2009.a  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s   

 Protected LSD test at p ≤ 0.05. Data are pooled over fungicides and insecticides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Micronutrient 

Clayton, 2009  Clayton, 2009 

Field 1  Field 2 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

 ____________________________________%__________________________________ 

None 81 a 83 a  81 cd 85 ab 

Boron 81 a 82 a  80 d 84 b 

Manganese 82 a 82 a  87 a 83 bc 
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Table 6. Control of large crabgrass 21 d after application when imazapic was applied alone or in  

combination with fungicides, insecticides, and adjuvants.a 

  

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over micronutrients and experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic surfactant Conditioning agent Nonionic surfactant Conditioning agent 

 ______________________________________________%____________________________________________ 

None 84 a 83 a  83 a 83 a 

Pyraclostrobin 80 b 83 a  84 a 84 a 

Chlorothalonil  

plus tebuconazole 

81 b 82 ab  81 b 84 a 
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Table 7. Control of large crabgrass 21 d after application when imazapic was applied alone or in combination 

with fungicides, insecticides, and micronutrients.a  

 

 

 

 

 

Micronutrient 

Fungicide 

None  Pyraclostrobin  Chlorothalonil plus 

tebuconazole 

Insecticide  Insecticide  Insecticide 

None  Lambda-

cyhalothrin 

None  Lambda-

cyhalothrin 

None  Lambda-

cyhalothrin 

 ____________________________________________________%_________________________________________________ 

None 82 bcd 84 abc  82 bcd 84 abc  83 a-d 81 cd 

Boron 81 cd 82 bcd  81 cd 82 bcd  80 d 83 a-d 

Manganese 86 a 83 a-d  82 bcd 85 ab  82 bcd 83 a-d 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over adjuvants and experiments. 
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Table 8. Control of Palmer amaranth 21 d after application when imazapic was applied 

 alone or in combination with micronutrients and adjuvants.a  

 

 

Micronutrient 

Adjuvant 

Nonionic surfactant Conditioning agent 

 _________________________%________________________ 

None 84 bc 87 a 

Boron 80 d 84 bc 

Manganese 86 ab 83 c 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s    

Protected LSD test at p ≤ 0.05. Data are pooled over fungicides, insecticides, and experiments. 
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Table 9. Control of Palmer amaranth 21 d after application when imazethapyr applied alone or  

 in combination with insecticide and adjuvants.a  

 

 

Insecticide 

Adjuvant 

Nonionic surfactant Conditioning agent 

 ______________________________%_____________________________ 

None 64 a 65 a 

Lambda-cyhalothrin 65 a  61 b  

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected 

 LSD test at p ≤ 0.05. Data are pooled over fungicides, micronutrients, and experiments. 
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Table 10. Control of Palmer amaranth 21 d after application when imazethapyr was applied alone or in 

combination with fungicides, insecticides, and micronutrients.a  

 

 

 

 

 

Micronutrient 

Fungicide 

None  Pyraclostrobin  Chlorothalonil plus 

tebuconazole 

Insecticide  Insecticide  Insecticide 

None Lambda-

cyhalothrin 

None Lambda-

cyhalothrin 

None Lambda-

cyhalothrin 

 ____________________________________________________%_________________________________________________ 

None 72 a 71 ab  65 a-d 63 cd  66 a-d 62 cde 

Boron 61 de 64 bcd  61 de 61 de  67 a-d 52 ef 

Manganese 69 abc 68 a-d  55 ef 64 bcd  63 cd 61 de 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over adjuvants and experiments. 
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Table 11. Control of Palmer amaranth 21 d after application when imazethapyr was applied alone or in 

combination with fungicides, micronutrients, and adjuvants.a  

 

 

 

 

 

Micronutrient 

Fungicide 

None  Pyraclostrobin  Chlorothalonil plus 

tebuconazole 

Adjuvant  Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

 ________________________________________________________%____________________________________________________ 

None 75 a 68 ab  59 def 68 ab  63 b-f 64 b-e 

Boron 59 def 65 bcd  63 b-f 60 c-f  62 b-f 57 ef 

Manganese 67 bc 69 ab  63 b-f 56 f  63 b-f 60 c-f 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments. 
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Table 12. Control of Palmer amaranth 21 d after the application when imazethapyr was applied alone or in combination with fungicides, insecticides, 

micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic surfactant Conditioning agent  Nonionic surfactant Conditioning agent 

  ______________________________________________________%___________________________________________________________ 

None None 59 a-e 61 a-e  53 ef 59 a-e 

None Pyraclostrobin 68 a-d 69 abc  71 a 59 a-e 

None Chlorothalonil plus tebuconazole 63 a-e 60 a-e  56 b-f 59 a-e 

Boron None 60 a-e 61 a-e  59 a-e 59 a-e 

Boron Pyraclostrobin 69 abc 61 a-e  59 a-e 61 a-e 

Boron Chlorothalonil plus tebuconazole 54 ef 54 ef  56 b-f 54 ef 

Manganese None 35 gh 56 b-f  43 fg 55 c-f 

Manganese Pyraclostrobin 23 h 59 a-e  43 fg 63 a-e 

Manganese Chlorothalonil plus tebuconazole 70 ab 51 ef  34 gh 54 ef 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over experiments. 
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Table 13. Control of Palmer amaranth 21 d after application when lactofen was applied alone or in 

 combination with fungicides, insecticides, and adjuvants.a  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD  

test at p ≤ 0.05. Data are pooled over micronutrients and experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

 _______________________________________%_________________________________ 

None 70 a-d 70 a-d  71 abc 72 ab 

Pyraclostrobin 71 abc 73 a  71 abc 69 a-d 

Chlorothalonil  

plus tebuconazole 

75 a 64 d  66 bcd 65 cd 
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Table 14. Control of Palmer amaranth 21 d after application when lactofen was applied alone or in combination with fungicides, micronutrients, and adjuvants 

 at Rocky Mount and Clayton during 2009.a  

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

  Clayton, 2009 

Rocky Mount, 2009 Field 1  Field 2 

Adjuvant  Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  _____________________________________________________________%________________________________________________________ 

None None 59 ab 66 b  73 ab 73 ab  78 abc 59 ef 

None Pyraclostrobin 60 ab 63 ab  77 ab 75 ab  74 bcd 72 bcd 

None Chlorothalonil plus tebuconazole 64 ab 61 ab  71 ab 78 ab  79 abc 48 g 

Boron None 63 ab 68 ab  69 bc 77 ab  73 bcd 75 bcd 

Boron Pyraclostrobin 58 b 66 ab  74 ab 72 ab  76 abc 81 ab 

Boron Chlorothalonil plus tebuconazole 64 ab 61 ab  79 ab 76 ab  81 ab 55 fg 

Manganese None 69 a 64 ab  76 ab 69 bc  74 bcd 86 a 

Manganese Pyraclostrobin 63 ab 63 ab  73 ab 81 a  81 ab 69 cde 

Manganese Chlorothalonil plus tebuconazole 60 ab 64 ab  76 ab 59 c  65 def 78 abc 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments. 
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Table 15. Tall morningglory control 21 d after application when 2,4-DB was applied alone or in combination 

with insecticides at Rocky Mount.a  

 

 

Insecticide 

 Rocky Mount, 2008   

 Field 1  Field 2 Rocky Mount, 2009 

  _________________________________________________%______________________________________________ 

None  99 a  91 b  96 a 

Lambda-cyhalothrin  98 a   94 a  93 b 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over adjuvants, fungicides, and micronutrients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



45 

 

Table 16. Control of tall morningglory 21 d after the application when 2,4-DB was applied alone or in 

combination with fungicides and adjuvants at Rocky Mount during 2008 and 2009.a 

 

 

 

 

Fungicide 

Rocky Mount, 2008   

Field 1  Field 2  Rocky Mount, 2009 

Adjuvant  Adjuvant  Adjuvant 

None Conditioning 

agent 

None Conditioning 

agent 

None Conditioning 

agent 

 _______________________________________________________%_________________________________________________ 

None 99 a 97 a  94 ab  95 ab  96 a 91 b 

Pyraclostrobin 100 a 100 a  92 b  94 ab  95 ab 96 a 

Chlorothalonil 

plus tebuconazole 

98 a 98 a  97 a 94 ab  94 ab 95 ab 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over insecticides and micronutrients. 
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Table 17.  P > F for main effects and interactions of solution pH determined at different sampling times when 

imazapic, imazethapyr, lactofen, and 2,4-DB were applied alone or in combination with fungicides, insecticides, 

micronutrients, and adjuvants. 

 

Source Imazapic Imazethapyr Lactofen 2,4-DB 

 _________________________________p value____________________________________ 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) 0.0522 <.0001 0.0983 0.5632 

Adjuvant (Adju) <.0001 <.0001 0.0133 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins <.0001 <.0001 <.0001 0.1997 

Fung*Adju 0.0176 <.0001 <.0001 <.0001 

Ins*Micro 0.0123 <.0001 0.0131 0.0128 

Micro*Adju <.0001 <.0001 <.0001 <.0001 

Ins*Adju <.0001 <.0001 0.0014 <.0001 

Fung*Ins*Micro <.0001 <.0001 <.0001 0.0013 

Fung*Micro*Adju 0.0028 <.0001 <.0001 <.0001 

Ins*Micro*Adju <.0001 <.0001 <.0001 <.0001 

Fung*Ins*Adju <.0001 <.0001 <.0001 0.0176 

Fung*Ins*Micro*Adju <.0001 <.0001 <.0001 0.0548 

Fung*Time <.0001 <.0001 <.0001 0.4257 

Micro*Time <.0001 <.0001 0.1813 <.0001 

Ins*Time 0.5669 <.0001 0.3568 0.8196 

Adju*Time <.0001 <.0001 <.0001 <.0001 

Fung*Micro*Time <.0001 <.0001 <.0001 0.7396 

Fung*Ins*Time 0.6800 <.0001 <.0001 0.9763 

Fung*Adju*Time <.0001 <.0001 <.0001 0.8659 
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Table 17 continued     

Ins*Micro*Time 0.3291 <.0001 0.0320 0.9867 

Micro*Adju*Time <.0001 <.0001 <.0001 <.0001 

Ins*Adju*Time 0.4765 <.0001 <.0001 0.8667 

Fung*Ins*Micro*Time 0.9693 <.0001 <.0001 0.9604 

Fung*Micro*Adju*Time <.0001 <.0001 <.0001 0.7862 

Ins*Micro*Adju*Time 0.5812 <.0001 0.0073 0.9397 

Fung*Ins*Adju*Time 0.4115 <.0001 0.0001 0.3887 

Fung*Ins*Micro*Adju*Time 0.7710 <.0001 <.0001 0.1265 

Coefficient of variation (%) 1.21 0.99 1.55 0.88 

 

 

 

 

 
 

 

 

 

  



48 

 

 

           Table 18. Solution pH determined when imazapic was applied alone or in combination with fungicides, insecticides, micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic surfactant Conditioning agent  Nonionic surfactant Conditioning agent 

  ______________________________________________________pH______________________________________________________ 

None None 6.07 g 6.18 ef  6.05 g 6.19 ef 

None Pyraclostrobin 6.39 d 6.16 f  5.85 h 6.22 e 

None Chlorothalonil plus tebuconazole 6.18 ef 6.47 c  6.42 d 6.49 c 

Boron None 9.33 a 9.17 b  9.33 a 9.16 b 

Boron Pyraclostrobin 9.32 a 9.17 b  9.33 a 9.17 b 

Boron Chlorothalonil plus tebuconazole 9.31 a 9.16 b  9.32 a 9.16 b 

Manganese None 2.91 j 3.09 i  2.90 jk 3.12 i 

Manganese Pyraclostrobin 2.86 k 3.11 i  2.86 k 3.12 i 

Manganese Chlorothalonil plus tebuconazole 2.89 jk 3.12 i  2.86 k 3.13 i 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over experiments. 
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        Table 19. Solution pH determined when imazapic was applied alone or in combination with fungicides, micronutrients, and adjuvants at four 

        different time intervals.a 

 

 

 

 

Hours after 

mixing 

 

 

 

Fungicide 

Micronutrient 

None  Boron  Manganese 

Adjuvant  Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  ____________________________________________________________pH_______________________________________________________ 

0 None 5.89 o 6.17 jkl  9.29 ab 9.19 c  2.88 qrs 3.09 p 

0 Pyraclostrobin 5.85 o 6.19 i-l  9.32 ab 9.20 c  2.82 rs 3.10 p 

0 Chlorothalonil plus tebuconazole 6.33 gh 6.52 d  9.32 ab 9.17 c  2.86 qrs 3.10 p 

6 None 6.08 mn 6.18 jkl  9.34 ab 9.17 c  2.91 qr 3.12 p 

6 Pyraclostrobin 6.14 klm 6.20 i-l  9.33 ab 9.17 c  2.88 qrs 3.12 p 

6 Chlorothalonil plus tebuconazole 6.43 ef 6.49 de  9.31 ab 9.16 c  2.89 qrs 3.14 p 

24 None 6.13 lm 6.19 i-l  9.36 a 9.15 c  2.93 q 3.12 p 

24 Pyraclostrobin 6.27 hi 6.20 i-l  9.35 ab 9.16 c  2.89 qrs 3.12 p 

24 Chlorothalonil plus tebuconazole 6.38 fg 6.47 de  9.33 ab 9.15 c  2.90 qr 3.13 p 

72 None 6.13 lm 6.21 ijk  9.32 ab 9.15 c  2.90 qr 3.11 p 
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Table 19 continued         

72 Pyraclostrobin 6.23 ij 6.15 klm  9.30 ab 9.16 c  2.85 rs 3.11 p 

72 Chlorothalonil plus tebuconazole 6.05 n 6.43 ef  9.28 ab 9.16 c  2.85 rs 3.12 p 

 
       aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over insecticides 

     and experiments. 
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    Table 20. Presence or absence of precipitates on mixing of imazapic with other agrochemicals at four time intervals.a 

 

Agrochemicals Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6  24  72  

    ______________precipitates______________ 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant None Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

None None Nonionic surfactant None N N N N 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant Boron N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

Chlorothalonil plus None Nonionic surfactant Boron Y* Y* Y* Y* 
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tebuconazole 

None Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

None None Nonionic surfactant Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant Manganese N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

None None Nonionic surfactant Manganese N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent None N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent None Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

   Table 20 continued 
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Table 20 continued        

None None Conditioning agent None N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

None None Conditioning agent Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Manganese Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Manganese N N N N 
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Table 20 continued        

None None Conditioning agent Manganese N N N N 

 

aData are pooled over experiments. 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 21.  P > F for main effects and interactions of pH determined at different time intervals when  

imazethapyr was applied alone or with fungicides, insecticides, micronutrients, and adjuvants. 

 

 

 

Source 

Imazethapyr  

Hours after the time of mixing 

0  6  24  72  

 ______________________________p-value___________________________ 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) 0.4802 0.5354 <.0001 <.0001 

Adjuvant (Adju) 0.3754 0.0008 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins 0.2687 0.1145 <.0001 <.0001 

Fung*Adju <.0001 <.0001 <.0001 <.0001 

Ins*Micro 0.8436 0.8741 <.0001 <.0001 

Micro*Adju <.0001 <.0001 <.0001 <.0001 

Ins*Adju 0.9855 0.6325 <.0001 <.0001 

Fung*Ins*Micro 0.0358 0.0296 <.0001 <.0001 

Fung*Micro*Adju <.0001 <.0001 <.0001 <.0001 

Ins*Micro*Adju 0.6370 0.5046 <.0001 <.0001 

Fung*Ins*Adju 0.0064 0.0080 <.0001 <.0001 

Fung*Ins*Micro*Adju 0.0060 0.0004 <.0001 <.0001 

Coefficient of variation (%) 0.74 0.76 0.91 0.77 
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          Table 22. Solution pH determined at the time of mixing when imazethapyr was applied alone or in combination with fungicides, insecticides,  

            micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  _____________________________________________pH__________________________________________________ 

None None 5.87 h 5.98 gh  5.97 gh 5.94 h 

None Pyraclostrobin 6.50 d 6.01 fg  6.36 e 6.04 f 

None Chlorothalonil plus tebuconazole 6.46 d 6.57 c  6.56 c 6.59 c 

Boron None 9.39 a 9.27 b  9.39 a 9.27 b 

Boron Pyraclostrobin 9.39 a 9.26 b  9.40 a 9.29 b  

Boron Chlorothalonil plus tebuconazole 9.37 a 9.24 b  9.37 a 9.25 b 

Manganese None 2.81 j 3.00 i  2.81 j 2.99 i 

Manganese Pyraclostrobin 2.79 j 3.00 i  2.79 j 3.01 i 

Manganese Chlorothalonil plus tebuconazole 2.84 j 3.02 i  2.82 j 3.03 i 

 
        aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over experiments.  
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                   Table 23. Solution pH determined 6 h after the time of mixing when imazethapyr was applied alone or in combination with fungicides,  

                   insecticides, micronutrients, and adjuvants.a 
 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None   Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  ____________________________________________pH_________________________________________________ 

None None 5.96 g 6.01 f  6.05 f 5.95 g 

None Pyraclostrobin 6.65 c 6.02 f  6.49 e 6.05 f 

None Chlorothalonil plus tebuconazole 6.47 e 6.58 d  6.61 cd 6.58 d 

Boron None 9.38 a 9.25 b  9.38 a 9.26 b 

Boron Pyraclostrobin 9.39 a 9.24 b  9.40 a 9.26 b 

Boron Chlorothalonil plus tebuconazole 9.37 a 9.23 b  9.37 a 9.24 b 

Manganese None 2.80 i 3.02 h  2.80 i 3.02 h 

Manganese Pyraclostrobin 2.78 i 3.03 h  2.78 i 3.02 h 

Manganese Chlorothalonil plus tebuconazole 2.83 i 3.04 h  2.81 i 3.05 h 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over experiments.  
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                                   Table 24. Solution pH determined 24 h after the time of mixing when imazethapyr was applied alone or in combination with fungicides,  

                                   insecticides, micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None   Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  ________________________________________pH_____________________________________________ 

None None 6.01 gh 5.13 j  6.06 g 5.80 i 

None Pyraclostrobin 6.71 c 5.83 i  6.63 d 5.96 h 

None Chlorothalonil plus tebuconazole 6.44 f 6.37 f  6.58 de 6.52 e 

Boron None 9.36 a 9.24 b  9.36 a 9.25 b 

Boron Pyraclostrobin 9.37 a 9.24 b  9.39 a 9.25 b 

Boron Chlorothalonil plus tebuconazole 9.34 a 9.21 b  9.35 a 9.23 b 

Manganese None 2.80 m 3.02 kl  2.81 m 3.03 kl 

Manganese Pyraclostrobin 2.78 m 3.03 kl  2.79 m 2.97 l 

Manganese Chlorothalonil plus tebuconazole 2.83 m 3.05 k  2.82 m 3.06 k 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments. 
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        Table 25. Solution pH determined 72 h after the time of mixing when imazethapyr was applied alone or in combination with fungicides,  

        insecticides, micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  _________________________________________pH______________________________________________ 

None None 6.49 f 4.49 l  6.52 f 4.98 k 

None Pyraclostrobin 6.87 c 5.13 j  6.69 d  5.61 i 

None Chlorothalonil plus tebuconazole 5.86 g 5.04 k  6.60 e 5.70 h 

Boron None 9.43 a 9.23 b  9.43 a 9.22 b 

Boron Pyraclostrobin 9.43 a 9.21 b  9.44 a 9.21 b 

Boron Chlorothalonil plus tebuconazole 9.41 a 9.19 b  9.40 a 9.21 b 

Manganese None 3.00 p 3.07 mno  2.99 p 3.08 mno 

Manganese Pyraclostrobin 2.98 p 3.07 mno  2.98 p 3.00 p 

Manganese Chlorothalonil plus tebuconazole 3.03 no 3.09 mn  3.02 o 3.10 m 

        aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over    

     experiments.  
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Table 26. Presence or absence of precipitates on mixing of imazethapyr with other agrochemicals at four time intervals.a 

 

Agrochemicals Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6  24  72 

    ______________precipitates______________ 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant None Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

None None Nonionic surfactant None N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 
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Table 26 continued        

Pyraclostrobin None Nonionic surfactant Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

None None Nonionic surfactant Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant Manganese Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

None None Nonionic surfactant Manganese N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent None Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 
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Table 26 continued        

Pyraclostrobin None Conditioning agent None Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

None None Conditioning agent None N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

None None Conditioning agent Boron N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Manganese Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 
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aData are pooled over experiments. 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 

Table 26 continued        

Pyraclostrobin None Conditioning agent Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

None None Conditioning agent Manganese N N N N 
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Table 27.  P > F for main effects and interactions of solution pH determined at different time intervals 

 when lactofen was applied alone or in combination with fungicides, insecticides, micronutrients, and  

 adjuvants. 

 

 

 

Source 

Lactofen  

Hours after the time of mixing 

0 6  24  72  

 ______________________________p-value___________________________ 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) 0.1919 0.0960 0.1999 0.6026 

Adjuvant (Adju) <.0001 0.0220 0.2330 0.0680 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins 0.0882 0.5100 0.0662 <.0001 

Fung*Adju <.0001 <.0001 0.0747 <.0001 

Ins*Micro 0.0065 0.0383 0.1103 0.0783 

Micro*Adju <.0001 <.0001 <.0001 <.0001 

Ins*Adju 0.2039 0.6028 0.9940 <.0001 

Fung*Ins*Micro 0.2033 0.7962 0.1291 <.0001 

Fung*Micro*Adju <.0001 <.0001 0.0317 <.0001 

Ins*Micro*Adju 0.0016 0.7707 0.7738 <.0001 

Fung*Ins*Adju 0.0339 0.4498 0.0060 <.0001 

Fung*Ins*Micro*Adju <.0001 0.2140 0.0027 <.0001 

Coefficient of variation (%) 0.82 1.52 1.91 1.76 
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       Table 28. Solution pH determined at the time of mixing when lactofen was applied alone or in combination with fungicides, insecticides,  

       micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None   Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  ________________________________________pH____________________________________________ 

None None 4.58 m 4.99 j  4.72 l 5.01 ij 

None Pyraclostrobin 5.02 ij 5.07 i  4.89 k 5.20 h 

None Chlorothalonil plus tebuconazole 6.39 e 6.08 g  6.36 e 6.22 f 

Boron None 9.40 ab 9.23 c  9.38 b 9.23 c 

Boron Pyraclostrobin 9.45 a 9.28 c  9.46 a 9.16 d 

Boron Chlorothalonil plus tebuconazole 9.42 ab 9.23 c  9.42 ab 9.24 c 

Manganese None 2.53 o 2.77 n  2.52 o 2.75 n 

Manganese Pyraclostrobin 2.52 o 2.79 n  2.55 o 2.78 n 

Manganese Chlorothalonil plus tebuconazole 2.54 o 2.77 n  2.56 o 2.80 n 

 

          aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over experiments. 
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Table 29. Solution pH determined 6 h after the time of mixing when lactofen was applied alone  

or in combination with insecticides and micronutrients.a 

 

 

Micronutrient 

Insecticide 

None  Lambda-cyhalothrin 

 _______________________________pH_____________________________ 

None 5.36 c 5.43 b 

Boron 9.31 a 9.29 a 

Manganese 2.65 d 2.66 d 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected  

LSD test at p ≤ 0.05. Data are pooled over fungicides, adjuvants, and experiments. 
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Table 30. Solution pH determined 6 h after the time of mixing when lactofen was applied alone or in 

combination with fungicides, micronutrients, and adjuvants.a 

 

 

 

 

 

 

Micronutrient 

Fungicide 

None  Pyraclostrobin  Chlorothalonil plus 

tebuconazole 

Adjuvant  Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

Nonionic 

surfactant 

Conditioning 

agent 

 ___________________________________________________________pH________________________________________________________ 

None 4.65 g 5.02 f  5.13 e 5.13 e  6.28 c 6.16 d 

Boron 9.41 a 9.20 b  9.43 a 9.18 b  9.40 a 9.20 b 

Manganese 2.52 i 2.76 h  2.54 i 2.78 h  2.55 i 2.79 h 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 
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    Table 31. Solution pH determined 24 h after the time of mixing when lactofen was applied alone or in combination with fungicides,  

    insecticides, micronutrients, and adjuvants.a  

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  _________________________________________pH______________________________________________ 

None None 4.73 i 5.00 h  4.85 i 4.80 i 

None Pyraclostrobin 5.21 fg 5.11 gh  5.30 f 5.11 gh 

None Chlorothalonil plus tebuconazole 6.15 d 5.75 e  6.14 d 6.21 d 

Boron None 9.39 a 9.23 bc  9.38 a 9.23 bc 

Boron Pyraclostrobin 9.38 a 9.27 abc  9.38 a 9.15 c 

Boron Chlorothalonil plus tebuconazole 9.36 ab 9.23 bc  9.36 ab 9.23 bc 

Manganese None 2.51 k 2.78 j  2.50 k 2.79 j 

Manganese Pyraclostrobin 2.50 k 2.80 j  2.54 k 2.82 j 

Manganese Chlorothalonil plus tebuconazole 2.53 k 2.79 j  2.53 k 2.83 j 

       aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  

      Data are pooled over experiments.  
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Table 32. Solution pH determined 72 h after the time of mixing when lactofen was applied alone or in combination with fungicides,  

insecticides, micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None   Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Nonionic 

surfactant 

Conditioning 

agent 

 Nonionic 

surfactant 

Conditioning 

agent 

  ____________________________________________pH______________________________________________ 

None None 4.80 k 5.04 j  5.28 h 4.89 k 

None Pyraclostrobin 6.23 d 5.11 ij  5.22 hi 5.09 ij 

None Chlorothalonil plus tebuconazole 5.99 e 5.58 g  5.75 f 6.21 d 

Boron None 9.41 a 9.28 abc  9.39 ab 9.27 bc 

Boron Pyraclostrobin 9.40 ab 9.27 bc  9.40 ab 9.20 c 

Boron Chlorothalonil plus tebuconazole 9.41 a 9.27 bc  9.41 a 9.27 bc 

Manganese None 2.69 o 2.72 no  2.50 p 2.86 lm 

Manganese Pyraclostrobin 2.55 p 2.76 mno  2.51 p 2.83 lmn 

Manganese Chlorothalonil plus tebuconazole 2.42 p 2.72 no  2.50 p 2.90 l 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments.  
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Table 33. Presence or absence of precipitates on mixing of lactofen with other agrochemicals at four time intervals.a 

 

 Agrochemicals  Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6  24  72  

    ______________precipitates______________ 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant None N N Y* Y* 

Pyraclostrobin None Nonionic surfactant None N N N Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant None Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant None Y* Y* Y* Y* 

None None Nonionic surfactant None N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant Boron Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 
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Table 33 continued        

Pyraclostrobin None Nonionic surfactant Boron N N N N 

None Lambda-cyhalothrin Nonionic surfactant Boron Y* Y* Y* Y* 

None None Nonionic surfactant Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

Pyraclostrobin None Nonionic surfactant Manganese N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Nonionic surfactant Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Nonionic surfactant Manganese Y* Y* Y* Y* 

None None Nonionic surfactant Manganese N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent None Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 
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Table 33 continued        

Pyraclostrobin None Conditioning agent None Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

None None Conditioning agent None N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Boron N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

None None Conditioning agent Boron N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 
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Table 33 continued       

Pyraclostrobin None Conditioning agent Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

None None Conditioning agent Manganese N N N N 

 
aData are pooled over experiments. 

 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 34. Solution pH determined when 2,4-DB was applied alone or in combination with fungicides, insecticides, micronutrients, 

and adjuvants over sampling intervals.a  

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

None Conditioning 

agent 

 None Conditioning 

agent 

  _________________________________________pH______________________________________________ 

None None 7.99 d 7.52 h  8.09 c 7.47 i 

None Pyraclostrobin 7.76 g 7.34 j  7.90 e 7.28 k 

None Chlorothalonil plus tebuconazole 7.83 f 7.17 l  7.88 e 7.14 l 

Boron None 9.41 a 9.04 b  9.40 a 9.04 b 

Boron Pyraclostrobin 9.38 a 9.03 b  9.38 a 9.03 b 

Boron Chlorothalonil plus tebuconazole 9.40 a 9.06 b  9.40 a 9.03 b 

Manganese None 4.19 p 4.56 m  4.09 s 4.55 m 

Manganese Pyraclostrobin 4.15 qr 4.54 m  4.16 pq 4.50 no 

Manganese Chlorothalonil plus tebuconazole 4.12 r 4.49 o  4.15 qr 4.53 mn 

                              aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over      

                    experiments.



75 

 

 

 

 

      Table 35.  Solution pH determined when 2,4-DB was applied alone or in combination with adjuvants and micronutrients across sampling times.a 

 

 

 

 

 

Micronutrient 

 Hours after mixing 

 0  6  24  72 

 Adjuvant  Adjuvant  Adjuvant  Adjuvant 

 None Conditioning 

agent 

 None Conditioning 

agent 

 None Conditioning 

agent 

 None Conditioning 

agent 

  ____________________________________________________________________pH___________________________________________________________________ 

None  7.99 e 7.36 h  7.97 e 7.29 j  7.91 f 7.32 i  7.76 g 7.31 ij 

Boron  9.40 a 9.06 bc  9.39 a 8.99 d  9.40 a 9.03 c  9.39 a 9.07 b 

Manganese  4.10 p 4.51 l  4.14 o 4.48 m  4.14 o 4.52 l  4.19 n 4.59 k 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over fungicides, 

insecticides, and experiments.
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                                  Table 36. Presence or absence of precipitates on mixing of 2,4-DB with other agrochemicals at four time intervals.a 

 

Agrochemicals Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6  24  72  

    ___________precipitates____________ 

Pyraclostrobin  Lambda-cyhalothrin None None Y* Y* Y* Y* 

Pyraclostrobin None None None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin None None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None None None None N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin None Boron Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None None Boron Y^ Y^ Y^ Y^ 

Pyraclostrobin Lambda-cyhalothrin None Boron Y* Y* Y* Y* 
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Table 36 continued        

Pyraclostrobin None None Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

None None None Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin None Manganese Y* Y* Y* Y* 

Pyraclostrobin None None Manganese Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y* Y* Y* Y* 

None None None Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent None Y* Y* Y* Y* 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 
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Table 36 continued        

Pyraclostrobin None Conditioning agent None Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

None None Conditioning agent None N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

None None Conditioning agent Boron N N N N 

Chlorothalonil plus 

tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil plus 

tebuconazole 

None Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 
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Table 36 continued        

Pyraclostrobin None Conditioning agent Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

None None Conditioning agent Manganese Y* Y* Y* Y* 

 
 aData are pooled over experiments. 

 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 37.  F-statistic and Pearson correlation coefficient for visual estimates of percent weed control by different herbicides and solution pH at various 

times after treatment preparation. 

 

 Hours after treatment preparation 

Herbicide and weed 

species 

0  6  24  72 

P > F Coef.a  P > F Coef.  P > F Coef.  P > F Coef. 

            

Imazapic             

Large crabgrass 0.6779 0.07  0.6678 0.07  0.6767 0.07  0.6844 0.07 

Palmer amaranth 0.7019 0.06  0.7017 0.06  0.6993 0.06  0.7112 0.06 

Imazethapyr            

Palmer amaranth 0.4216 0.14  0.4101 0.13  0.4323 0.13  0.5560 0.09 

Lactofen            

Palmer amaranth 0.7588 0.05  0.7711 0.05  0.7703 0.05  0.7826 0.04 

2,4-DB            

Tall morningglory 0.0480 0.33 0.0491 0.32  0.0491 0.32 0.0479 0.32 

 

aAbbreviation, Coef. is Pearson correlation coefficient. 



81 

 

 

 

 

CHAPTER II 

Interactions of Graminicides with other Agrochemicals Applied to Peanut 

Gurinderbir S. Chahal, David L. Jordan, Alan C. York, Rick L. Brandenburg, Barbara B. 

Shew, James D. Burton, and David Danehower

 

 

Abstract 

A large number of agrochemicals are applied in peanut to control various biotic and abiotic 

stresses.  In one set of experiments, control of large crabgrass and Texas panicum by the 

graminicides clethodim and sethoxydim was compared when applied alone or in combination 

with adjuvants, fungicides, insecticides, and micronutrients.  Texas panicum control by 

clethodim was reduced predominantly by pyraclostrobin but also by various interactions of 

micronutrients, insecticides, and fungicides.  Large crabgrass control by sethoxydim was 

affected by interactions with fungicides, insecticides, micronutrients, and adjuvants.  

Additional, field and laboratory experiments were conducted to evaluate the efficacy of 

graminicides in the presence of chloroacetamide herbicides, 2,4-DB, and pyraclostrobin.  
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Results of this study showed that clethodim controlled goosegrass and large crabgrass more 

effectively than sethoxydim.  Pyraclostrobin consistently reduced goosegrass and large 

crabgrass control by both graminicides.  The chloroacetamide herbicides dimethenamid-P 

and S-metolachlor and 2,4-DB did not affect graminicide efficacy regardless of other 

agrochemicals.  Physiochemical compatibility results revealed that addition of boron or 

manganese to clethodim or sethoxydim combinations altered solution pH.  Chloroacetamide 

herbicides especially, S-metolachlor, changed solution pH from slightly acidic to highly 

acidic.  Several combinations of clethodim and sethoxydim produced precipitates.  No 

significant correlations were noted for grass control by graminicides when applied either in 

four-way or five-way combinations and solution pH.  

 

Nomenclature: boron; chlorothalonil; clethodim; conditioning agent; crop oil concentrate; 

dimethenamid-P; lambda-cyhalothrin; manganese; pyraclostrobin; sethoxydim; S-

metolachlor; tebuconazole; 2,4-DB; goosegrass, Eleusine indica (L.) Gaertn.; large crabgrass, 

Digitaria sanguinalis (L.) Scop.; peanut, Arachis hypogaea L.; Texas panicum, Panicum 

texanum L. 

Key words: agrochemicals, compatibility, precipitates, solution pH.  

Abbreviations: d, days; h, hours 

 

Introduction 

Annual grasses are often present in peanut (Arachis hypogaea L.) in North Carolina and can 

reduce yield through interference and reduced harvest efficiency (Jordan, 2011; Wilcut et al., 
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1995).  The relatively poor competitive ability of peanut and the requirement of digging and 

inversion for crop harvest require season-long weed control to optimize yield (Wilcut et al., 

1995).  In addition to monocotyledonous weeds, including annual and perennial grasses and 

sedges, dicotyledonous weeds are also prevalent in peanut grown in the United States 

(Webster, 2009; Wilcut et al., 1995).  Comprehensive herbicide programs, in combination 

with appropriate cultural practices, are employed to manage weeds and minimize interference 

and subsequent yield loss (Wilcut et al., 1987, 1995; Wilcut and Swann, 1990).  Herbicides 

are often co-applied either prior to planting (preplant incorporated in conventional tillage or 

preplant to emerged weeds in reduced tillage), immediately following planting 

(preemergence), or after peanut and weeds have emerged (postemergence) to achieve 

optimum yield (Burke et al., 2003; Clewis et al., 2007; Richburg et al., 1996; Wilcut et al., 

1994, 1995; York et al., 2004).  Large crabgrass, goosegrass, and other annual grasses are 

among the most common weeds found in peanut grown in North Carolina (Webster, 2009).  

The requirement of digging and inversion as part of the peanut harvesting procedure 

necessitates effective season-long control of weeds, especially grasses, to optimize peanut 

yield (Wilcut et al., 1995).  Chloroacetamide herbicides are applied primarily at planting to 

control annual grasses, small seeded broadleaf weeds and suppression of nutsedge.  These 

herbicides are also applied later in the season to minimize late-season emergence of annual 

grasses (Jordan, 2011).   

 

Diseases, caused by viruses, bacteria, or fungi, can reduce peanut yield considerably when 

not controlled.  Fungicides are applied routinely to peanut to control foliar diseases including 
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early leaf spot (caused by Cercospora arachidicola Hori), late leaf spot (caused by 

Cercosporidium personatum Berk. & Curtis), and web blotch (caused by Phoma 

arachidicola Marasas, Pauer, and Boerema) (Brenneman et al., 1994; Culbreath et al., 2008; 

Shew and Waliyar, 2005).  Fungicides are also applied to control the soil-borne diseases 

southern stem rot (caused by Sclerotium rolfsii Sacc.) and Sclerotinia blight (caused by 

Sclerotinia minor Jagger) (Brenneman et al., 1994; Culbreath et al., 2008; Smith et al., 

1992).  Although variation is noted among geographical regions, years, and environmental 

conditions, during a typical growing season fungicides are applied either singly or in 

combination beginning approximately 45 days after peanut emergence and continuing 

throughout the remainder of the growing season up to several weeks prior to digging and 

vine inversion which occurs at approximately 135 days (Sherwood et al., 1995; Smith and 

Littrell, 1980).  Fungicide programs to control early and late leaf spot and stem rot often 

include bi-weekly sprays during this period, providing protection for a period of two weeks 

under most environmental conditions (Shew and Waliyar, 2005). 

 

Pyrethroid insecticides are often applied to peanut foliage to control potato leaf hopper 

(Empoasca fabae Harris), fall armyworm [Spodoptera frugiperda (J.E. Smith)], corn 

earworm (Heliothis zea Boddie), beet armyworm (Spodoptera exigua Hübner), and two-

spotted spider mites (Tetranychus urticae Koch).  Depending on environmental and edaphic 

conditions and a range of agronomic and pest management practices, application of 

insecticides may be needed throughout the growing season to protect peanut from damage.   
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The micronutrients boron and manganese are routinely applied to optimize peanut growth 

and development and in the case of boron to ensure proper kernel development (Gascho and 

Davis, 1995; Harris and Brolman, 1966; Powell et al., 1996).  Single and in some cases 

multiple applications of boron-containing foliar solutions are applied 45 to 70 days after 

peanut emergence (Gascho and Davis, 1995).  Manganese deficiency occurs frequently in 

peanut because of liming and target soil pH above 6.0.  Correcting for manganese deficiency 

is achieved by foliar applications when visible symptoms become apparent, although some 

growers apply manganese irrespective of plant symptomology (Powell et al., 1996). 

 

A diversity of pesticide active ingredients is available for peanut (Brandenburg, 2011; 

Jordan, 2011; Shew, 2011).  Currently, 19 herbicide active ingredients, 16 insecticide active 

ingredients, and 20 fungicide active ingredients representing the major modes of action can 

be applied during the peanut growing season.  Three fumigants, two micronutrients, and one 

plant growth regulator can be used in peanut.  A wide range of plant growth stimulants are 

available.  Presence of the biotic and abiotic stresses mentioned previously often occurs 

simultaneously during the peanut growing season, and timing of application for many 

agrochemicals overlap.  Therefore, many growers apply herbicides, fungicides, insecticides, 

and foliar micronutrients simultaneously in peanut production systems.  This approach is 

preferable because of convenience, savings in time, reduced application costs, and freeing 

labor for other operations.  Additionally, applying multiple pesticides with different modes of 

action is an important resistance management strategy for pests (Brandenburg, 2011; Jordan, 

2011; Shew, 2011).  In spite of above mentioned benefits, incompatibility can be associated 
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with these mixtures.  Co-applying pesticides can negatively influence agrochemical efficacy 

and increase crop phytotoxicity (Green, 1989; Hatzios and Penner, 1985).  Identifying 

interactions of agrochemicals is important when considering applying agrochemicals 

simultaneously (Barrett, 1993; Green, 1989; Hatzios and Penner, 1985; Nash, 1981; Wehtje 

et al., 1992).  

 

Incompatibility can occur through physiochemical interactions in the spray tank, while 

biological incompatibility occurs on plant surface or by affecting physiological processes 

associated with absorption, translocation, and metabolism.  Lack of physiochemical 

compatibility of different agrochemicals in the spray tank may lead to the formation of 

precipitates which may adversely affect application equipments such as screens and nozzles 

and consequently affect pest control (Houghton, 1982).  In terms of biological 

incompatibility, the active ingredient of one component is affected by the active ingredient of 

the other (Johanson and Kaldon, 1972).  Various types of interactions can occur on the plant 

surface and inside the plant when agrochemicals are applied simultaneously.  These 

interactions may occur due to absorption, translocation, or metabolism of agrochemicals in 

target pests (Cohen, 1984; Maestri and Currier, 1958; Putnam and Penner, 1974; Smith, 

1983).  To overcome these adverse interactions, more efficacious formulations or spray 

adjuvants can be used (McWhorter, 1982).  Adjuvants can increase herbicide efficacy by 

improving the physical characteristics of the carrier while other adjuvants enhance 

agrochemical movement through waxy or dry cuticles of plants or by reducing surface 

tension of spray solutions or by hydrating the leaf surface (Hazen, 2000).  However, in some 
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instances, these interactions can increase crop phytotoxicity and decrease pest control (Byrd 

and York, 1988; Franzen et al., 2003; Jordan et al., 2003; Pankey et al., 2004).  Research has 

been conducted to define interactions of herbicides (Askew et al., 1999; Burke et al., 2004; 

Culpepper et al., 1998; Flint and Barrett, 1989; Jordan and York, 1989; Wehtje et al., 1992 ), 

herbicides and fungicides (Jordan et al., 2003; Lancaster et al., 2005a, 2008), herbicides and 

insecticides (Grichar and Prostko, 2009; Lancaster et al., 2005b), and herbicides and 

micronutrients and other fertilizer solutions (Jordan et al., 2006; Lancaster et al., 2005b; 

Nalewaja and Matysiak, 1993).  Clethodim or sethoxydim, referred to as graminicides, may 

be applied postemergence to control annual grasses in peanut throughout the majority of the 

growing season (Jordan, 2011; Webster, 2001; Wilcut et al., 1995).  However, previous 

research indicates that annual grass control may be reduced when these graminicides are 

applied with other pesticides (Byrd and York, 1988; Grichar et al., 2002; Holshouser and 

Coble, 1990; Jordan et al., 2003).  Although interactions in the literature have been defined 

for some mixtures containing three-way mixtures (Lancaster et al., 2008), reports of 

interactions of four or five-way components is limited.   

 

Although there is substantial information regarding annual grass control by clethodim and 

sethoxydim applied in mixtures of herbicides, information available concerning potential 

interactions of clethodim and sethoxydim with fungicides is limited.  Efficacy of clethodim 

or sethoxydim has been evaluated when applied with azoxystrobin, chlorothalonil, 

pyraclostrobin, tebuconazole, and other standard fungicides (Jordan et al., 2003; Lancaster et 

al., 2005b).  However, efficacy of clethodim or sethoxydim with pyraclostrobin in the 
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presence of other agrochemicals has not been reported.  Efficacy of graminicides may also be 

reduced when mixed with fungicides; however, the mechanism of reduced grass control by 

graminicides applied with fungicides has not been reported (Jordan et al., 2003).  Also, 

efficacy of graminicides may be reduced when mixed with herbicides for control of broadleaf 

weeds and sedges because of reduced absorption and translocation (Culpepper et al., 1999a; 

Culpepper et al., 1999b; Ferreira et al., 1995).  Altered metabolism is generally not the 

mechanism for reduced grass control by mixtures of graminicides and other herbicides 

(Burke and Wilcut, 2003; Culpepper et al., 1999b).   

         

 Defining interactions among agrochemicals is important in assisting growers and their 

advisors as they make decisions on co-application of these products.  Therefore, the objective 

of this research was to define interactions when clethodim and sethoxydim are applied alone 

or in combination with fungicides, insecticides, micronutrients, and adjuvants for grass 

control; to compare grass control by clethodim or sethoxydim when applied alone or with 

combinations of chloroacetamide herbicides, 2,4-DB, and fungicide, and to define changes in 

spray solution characteristics with these graminicide combinations. 

 

Materials and Methods 

General Methodology: Research was conducted in North Carolina from 2007- 2010 at the 

Central Crops Research Station located near Clayton, the Peanut Belt Research Station 

located near Lewiston-Woodville, and the Upper Coastal Plain Research Station located near 

Rocky Mount.  Soils were a Johns sandy loam soil (fine-loamy over sandy, siliceous, 
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semiactive, thermic Aquic Hapludults) at Clayton, a Norfolk sandy loam (fine-loamy, 

kaolinitic, thermic Typic Kandiudults) at Lewiston-Woodville, and a Goldsboro fine sandy 

loam soil (fine-loamy, siliceous, subactive, thermic Aquic Paleudults) at Rocky Mount.  

Efficacy of graminicides was evaluated in separate experiments in peanut or in non-crop 

areas.  Plot size was 2.4 by 4.6 m.  The peanut cultivar Philips was used in all experiments 

and peanuts were planted in the first two weeks of May in each year (Isleib et al., 2006). 

 

Agrochemicals were applied at the manufacturer‟s suggested use rate (Table 1).  Treatments 

were applied in 140 L/ha aqueous solution using CO2-pressurized backpack sprayer with flat-

fan nozzles
1
 at 275 kPa.  Visual estimates of percent weed control were recorded 21 d after 

treatment using a scale of 0 to 100% where 0 = no weed control and 100 = complete weed 

control (Frans et al., 1986).  Foliar chlorosis, necrosis, and plant stunting were considered 

when making the visual estimates.  Peanut injury with herbicides was visually estimated for 

clethodim combinations 7 d after treatment using a scale of 0 to 100% where 0 = no crop 

injury and 100 = crop death using the same criteria used for visual estimates of weed control.   

 

Interactions of graminicides with other agrochemicals in the field: Treatments included 

application of clethodim
2
 and sethoxydim

3 
in separate experiments applied alone or in 

combination with three levels of fungicide (none, chlorothalonil
4
 plus tebuconazole

5
, or 

pyraclostrobin
6
), two levels of insecticide (none or lambda-cyhalothrin

7
), three levels of 

micronutrient (none, boron
8
, or manganese

9
), and two levels of adjuvant (conditioning 

agent
10

 or crop oil concentrate
11

). 
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Texas pancium control by clethodim was evaluated at Lewiston-Woodville in 2008.  At the 

time of application, Texas panicum was 20 to25 cm in height.  Large crabgrass control by 

sethoxydim was evaluated at two sites at Clayton.  Large crabgrass was of 15 to 20 cm in 

height when sethoxydim was applied with other agrochemicals.  

 

Compatibility of graminicides with chloroacetamide herbicides, 2,4-DB and fungicide: 

Treatments included the application of two levels of graminicides (clethodim
12

 or 

sethoxydim), three levels of chloroacetamide herbicides (none, dimethenamid-P
13

, or S-

metolachlor
14

), two levels of 2,4-DB (none or 2,4-DB
15

), and two levels of fungicide (none or 

pyraclostrobin).  

Large crabgrass control by graminicide combinations was evaluated at three sites during 

2007, 2008, and 2009 while goosegrass control was evaluated at two sites during 2009 and 

2010.  Goosegrass and large crabgrass were 15 to 20 cm in height at the time of application.  

 

Physiochemial compatibility of graminicides with other agrochemicals: Laboratory 

experiments were conducted to compare physiochemical compatibility of the graminicide 

combinations at rates compared in the field using the same spray volume and application rate 

(Table 1).  In contrast to field experiments where a municipal water source was used, 

deionized water at pH 6.3 was used in the laboratory experiments.  Agrochemicals were 

mixed in the following order: flowables (chlorothalonil, lambda-cyhalothrin, and 

tebuconazole), emulsifiable concentrates (clethodim, pyraclostrobin, sethoxydim, S-

metolachlor, and 2,4-DB), and soluble liquids (conditioning agent, crop oil concentrate, and 
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dimethenamid-P), and liquids (boron and manganese).  Conditioning agent was added first in 

the solution to counteract the effect of ions in the carrier on herbicide.  Graminicides 

solutions were prepared in a final volume of 80 mL in sterilized plastic specimen cups
16

 of 

120 mL capacity.  After mixing different agrochemicals, solution was vortexed
17

 

immediately and checked for precipitates followed by determining pH using a portable pH 

meter
18

.  Solutions were allowed to sit for 6 h after the time of mixing, checked for 

precipitates, vortexed, and re-checked for precipitates followed by pH determination.  

Similarly, mixtures were allowed to sit for 24 and 72 h after the initial solution preparation 

using the same procedure.  Presence or absence of precipitates were determined visually and 

described as Yes or No, respectively.  Any visual depositions on the bottom of the specimen 

cup or the presence of suspended solids in the solution were considered as precipitates.  Two 

types of precipitates, temporary and permanent, were noticed when herbicides were mixed 

with other agrochemicals.  Temporary precipitates went back into solution on vortexing 

while permanent precipitates did not go into solution after vortexing.   

 

Statistical Analysis: Data for visual estimates of percent grass control and solution pH were 

subjected to ANOVA using the PROC GLM procedure of SAS
19

 appropriate for the factorial 

arrangement of treatments using expected mean squares to test fixed and random effects.  

The experimental design in the field was a randomized complete block and the experiments 

were repeated.  In the laboratory, the experimental design was a completely randomized 

design and the experiment was repeated.  Means of significant main effects and interactions 

were separated using Fisher‟s Protected LSD test at p ≤ 0.05.  F-statistic and Pearson 
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correlation coefficients between pooled grass control for each graminicide and pH 

determined at four time intervals were determined by using the PROC CORR statement in 

SAS. 

 

Results and Discussion 

Interactions of graminicides with other agrochemicals in the field: Interactions of 

experiment X micronutrient X adjuvant, experiment X fungicide, fungicide X micronutrient 

X adjuvant, and fungicide X insecticide X micronutrient were significant for Texas panicum 

control by clethodim (Table 2).  When pooled over fungicides and insecticides, when 

compared to clethodim with crop oil concentrate, no difference in Texas panicum control was 

noted in one experiment irrespective of micronutrient and adjuvant combinations (Table 3).  

In the second experiment, application of clethodim with conditioning agent and manganese 

reduced Texas panicum control compared with clethodim with crop oil concentrate (Table 3).  

Control by other combinations was similar to control by clethodim plus crop oil concentrate 

in this experiment (Table 3).  When pooled over insecticides, micronutrients, and adjuvants, 

in one experiment no difference in Texas panicum control was noted when clethodim was 

applied either with fungicide treatments (Table 4).  However, in the second experiment 

applying clethodim with chlorothalonil plus tebuconazole or pyraclostrobin resulted in lower 

Texas panicum control compared with clethodim alone (Table 4).  Previous research 

indicated that efficacy of clethodim or sethoxydim was reduced when applied with 

chlorothalonil and pyraclostrobin (Jordan et al., 2003; Lancaster et al., 2005a; Lancaster et 

al., 2005b).  When pooled over adjuvants and experiments, combinations of clethodim with 
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pyraclostrobin plus boron or with lambda-cyhalothrin were less effective in controlling Texas 

panicum compared with clethodim alone (Table 5).  When pooled over insecticides and 

experiments, applying clethodim with conditioning agent plus pyraclostrobin plus manganese 

resulted in lower Texas panicum control compared with clethodim plus crop oil concentrate 

(Table 6).  However, when compared to clethodim plus crop oil concentrate, application of 

pyraclostrobin or manganese, or conditioning agent with clethodim did not affect Texas 

panicum control by clethodim (Table 6).   

 

Large crabgrass control by sethoxydim was affected by interactions of experiment X 

insecticide X micronutrient X adjuvant, experiment X fungicide X micronutrient X adjuvant, 

and experiment X fungicide X insecticide X micronutrient (Table 2).  When pooled over 

fungicides, in one experiment several combinations of sethoxydim with adjuvants, 

micronutrients, and insecticide reduced large crabgrass control compared with sethoxydim 

plus crop oil concentrate (Table 7).  Combination of sethoxydim with conditioning agent plus 

boron reduced large crabgrass control by 13 and 22 percentage points compared with 

sethoxydim plus crop oil concentrate in experiment one and two, respectively (Table 7).   

Jordan et al. (2006) reported that application of boron did not affect large crabgrass control 

by clethodim or sethoxydim.  Co-application of sethoxydim with crop oil concentrate and 

lambda-cyhalothrin controlled large crabgrass more effectively than sethoxydim with crop oil 

concentrate (Table 7).  Previous research suggests that large crabgrass control was not 

reduced when sethoxydim was applied in combination with lambda-cyhalothrin (Lancaster et 

al., 2005b).  Also, in one experiment, combination of sethoxydim with manganese either with 
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or without lambda-cyhalothrin controlled large crabgrass more effectively than sethoxydim 

with crop oil concentrate (Table 7).   

 

When pooled over insecticides, great variation in response was noted when sethoxydim was 

applied with fungicides, micronutrient, and adjuvants for the control of large crabgrass than 

sethoxydim plus crop oil concentrate (Table 8).  In one experiment, several combinations of 

sethoxydim resulted in less control of large crabgrass compared with sethoxydim plus crop 

oil concentrate (Table 8).  When compared to sethoxydim plus crop oil concentrate, 

application of sethoxydim plus conditioning agent with chlorothalonil plus tebuconazole with 

either boron or manganese reduced large crabgrass control 25 percentage points or more 

(Table 8).  Previous research indicates that application of azoxystrobin and chlorothalonil 

with clethodim reduced annual grass control by clethodim (Jordan et al., 2003).  

Combinations of sethoxydim with conditioning agent and fungicides controlled large 

crabgrass less effectively than sethoxydim with crop oil concentrate (Table 8).  In the second 

experiment, combinations of sethoxydim plus crop oil concentrate plus micronutrients (boron 

and manganese) controlled large crabgrass more effectively than sethoxydim plus crop oil 

concentrate (Table 8).  Lancaster et al. (2005b) reported that co-application of sethoxydim 

with disodium octaborate did not affect control of large crabgrass by sethoxydim.   

 

The range of large crabgrass control was 52 to 96% when sethoxydim was applied with 

fungicides, insecticide, and micronutrients (Table 9).  When pooled over adjuvants, several 

combinations of sethoxydim with fungicides, insecticides, and micronutrients reduced large 
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crabgrass control compared with sethoxydim (Table 9).  For instance, in both experiments, 

combinations of sethoxydim with pyraclostrobin plus with or without lambda-cyhalothrin 

controlled large crabgrass less effectively than sethoxydim with crop oil concentrate (Table 

9).  However, when compared with sethoxydim plus crop oil concentrate, co-application of 

sethoxydim with lambda-cyhalothrin plus boron or manganese or with boron or manganese 

alone did not affect large crabgrass control by sethoxydim (Table 9).   

 

No peanut injury was observed when clethodim was applied with different levels of 

fungicides, insecticides, micronutrients, and adjuvants for the control of Texas panicum (data 

not shown).   

  

Compatibility of graminicides with chloroacetamide herbicides, 2,4-DB, and fungicide: 

The interaction of experiment X graminicides X chloroacetamide herbicide X 2,4-DB X 

fungicide was not significant for goosegrass or large crabgrass control (Table 10).  

Interactions of experiment X graminicide X 2,4-DB X fungicide, experiment X graminicide 

X chloroacetamide herbicide X fungicide, and experiment X chloroacetamide herbicide X 

2,4-DB were noted for goosegrass control (Table 10).  The range of goosegrass control was 

43 to 85% when graminicides were applied alone or in combination with 2,4-DB, 

chloroacetamide herbicides, and fungicides (Tables 11, 12, and 13).  When pooled over 

chloroacetamide herbicides, clethodim controlled goosegrass more effectively than 

sethoxydim in 2009, however, no difference in goosegrass control was observed in 2010 

(Table 11).  In 2009, pyraclostrobin reduced goosegrass control by clethodim but did not 
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affect control by sethoxydim (Table 11).  The combination of sethoxydim with 2,4-DB 

controlled goosegrass more effectively than sethoxydim in 2009 (Table 11).  However, in the 

same year, sethoxydim plus pyraclostrobin plus either with or without 2,4-DB did not affect 

goosegrass control compared with sethoxydim alone (Table 11).  

 

When pooled over 2,4-DB, clethodim controlled goosegrass more effectively than 

sethoxydim in 2009 (Table 12).  When compared with clethodim alone, application of 

clethodim with pyraclostrobin reduced goosegrass control in 2009, but not in 2010 (Table 

12).  Similarly, when compared with sethoxydim alone, pyraclostrobin reduced goosegrass 

control by sethoxydim in 2010 but no difference was noted in 2009 (Table 12).  When 

compared with clethodim alone, clethodim application with chloroacetamide herbicides and 

pyraclostrobin did not affect goosegrass control by clethodim (Table 12).  In 2009, the 

chloroacetamide herbicides dimethenamid-P and S-metolachlor with sethoxydim controlled 

goosegrass more effectively than sethoxydim alone, however, no difference in goosegrass 

control was noted in 2010 (Table 12).  Dimethenamid-P and S-metolachlor did not reduce 

grass control by clethodim or sethoxydim (Grichar et al., 2000; Wilcut et al., 1995).  When 

pooled over graminicides and fungicides, combination of graminicides with 2,4-DB or with 

chloroacetamide herbicides controlled goosegrass more effectively than graminicides alone 

in 2009 (Table 13).  However, when compared with graminicides, no difference in 

goosegrass control was noted with these combinations in 2010 (Table 13).   

 



97 

 

 

 

 

Large crabgrass control by graminicide combinations was affected by the interactions of 

experiment X 2,4-DB X fungicide, experiment X chloroacetamide herbicide, experiment X 

graminicide, and graminicide X 2,4-DB X fungicide (Table 10).  When pooled over 

chloroacetamide herbicides and graminicides, in 2007 applying graminicides with 2,4-DB 

controlled large crabgrass more effectively than graminicide alone (Table 14).  However, 

when compared with graminicides in 2008 and 2009, no difference in control was noted with 

graminicides plus 2,4-DB (Table 14).  Combination of graminicides plus 2,4-DB plus 

pyraclostrobin resulted in less control of large crabgrass compared with graminicide alone in 

2007 and 2009 but did not affect control in 2008 (Table 14).  Lancaster et al. (2005a) 

reported that large crabgrass control was reduced in three of four experiments when 

sethoxydim was applied with pyraclostrobin.  When pooled over fungicides, 2,4-DB, and 

graminicides, no difference in large crabgrass was observed in 2007 and 2008, however, in 

2009, co-application of graminicides with dimethenamid-P controlled large crabgrass more 

effectively than graminicides alone (Table 15).  When pooled over chloroacetamide 

herbicides, fungicides, and 2,4-DB, clethodim was more effective in controlling large 

crabgrass than sethoxydim, irrespective of the years (Table 16).  Previous research indicates 

that clethodim is more effective in controlling broadleaf signalgrass [Brachiaria platyphylla 

(Griseb.) Nash] and large crabgrass than sethoxydim (Jordan et al., 1993; Lancaster et al., 

2005a).  When pooled over chloroacetamide herbicides and experiments, applying 

pyraclostrobin with clethodim or sethoxydim reduced large crabgrass control regardless of 

clethodim or sethoxydim and 2,4-DB (Table 17).  Application of clethodim or sethoxydim 
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with 2,4-DB did not affect large crabgrass control compared to clethodim or sethoxydim 

alone (Table 17). 

 

Physiochemical compatibility of graminicides with other agrochemicals: The interaction 

of fungicide X insecticide X micronutrient X adjuvant X sampling time was not significant 

for solution pH (Table 18).  Interactions of fungicide X adjuvant X sampling time, fungicide 

X micronutrient X sampling time, insecticide X micronutrient X adjuvant, and fungicide X 

micronutrient X adjuvant were significant for solution pH measured for clethodim 

combinations across sampling times (Table 18).  The average pH values of clethodim with 

crop oil concentrate was 3.90, 4.51, 4.28, and 4.30 at 0, 6, 24, and 72 h, respectively (data not 

presented in tables).  When pooled over insecticides, adjuvants, and experiments, addition of 

chlorothalonil plus tebuconazole or pyraclostrobin to solution containing clethodim plus crop 

oil concentrate plus without micronutrients increased pH compared with clethodim plus crop 

oil concentrate at 0, 6, 24, and 72 h sampling times (Table 19).  Including boron in clethodim 

plus crop oil concentrate solution increased pH nearly 5 units compared with the pH of 

clethodim plus crop oil concentrate alone.  However, manganese addition to solution reduced 

pH by nearly 2 units (Table 19).  Solution pH of clethodim solution with manganese did not 

change across sampling times (Table 19).  When pooled over fungicides, adjuvants, and 

experiments, addition of lambda-cyhalothrin raised solution pH compared with solution 

containing clethodim plus crop oil concentrate across sampling times (Table 20).  However, 

in the presence of boron or manganese, lambda-cyhalothrin did not affect solution pH across 

sampling times (Table 20).  Regardless of other agrochemicals, addition of boron to 
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clethodim plus crop oil concentrate solution increased pH equal to or greater than 9.0 (Table 

20).  In contrast, manganese addition lowered clethodim solution pH close to 2.60 

irrespective of graminicides and insecticides (Table 20).   Change in solution pH of 

clethodim and crop oil concentrate solutions with boron or manganese was noted only at the 

time of mixing, no difference in solution pH was noted at other sampling intervals (Table 

20).  When pooled over fungicides and experiments, combination of clethodim plus 

conditioning agent lowered solution pH compared with clethodim plus crop oil concentrate 

(Table 21).  Regardless of insecticides, micronutrients, and adjuvants, boron addition 

increased solution pH to alkaline (Table 21).  Manganese decreased solution pH equal to or 

less than 2.75 irrespective of insecticides, micronutrients, and adjuvants in the solution 

(Table 21).  When pooled over insecticides and experiments, solutions with clethodim plus 

conditioning agent had a pH lower than solution with clethodim plus crop oil concentrate 

regardless of fungicides and micronutrients (Table 22).  In the absence of micronutrients, 

chlorothalonil plus tebuconazole and pyraclostrobin had the same effect on solution pH as 

discussed previously (Table 22).  Also, boron and manganese had the same effect on solution 

pH as discussed previously (Table 22).  

 

In many instances, precipitates were produced when clethodim was mixed with fungicides, 

insecticides, micronutrients, and adjuvants (Table 23).  For instance, the combination of 

clethodim with chlorothalonil plus tebuconazole plus crop oil concentrate plus manganese 

formed temporary precipitates (Table 23).  Combinations of clethodim with chlorothalonil 

plus tebuconazole plus conditioning agent plus with or without boron produced permanent 
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precipitates at four sampling intervals (Table 23).  Also, combinations of clethodim with 

chlorothalonil plus tebuconazole plus lambda-cyhalothrin plus crop oil concentrate plus with 

or without boron produced temporary precipitates at 0 and 6 h sampling times but 

precipitates changed to permanent at 24 and 72 h sampling times (Table 23).  

 

Interactions of insecticide X micronutrient X adjuvant X sampling time, fungicide X 

micronutrient X adjuvant X sampling time, and fungicide X insecticide X micronutrient X 

adjuvant were significant for solution pH determined for sethoxydim combinations at 0, 6, 

24, and 72 h sampling intervals (Table 18).  The average pH of solution with sethoxydim 

plus crop oil concentrate was 4.23, 4.17, 4.27, and 4.26 at 0, 6, 24, and 72 h after mixing, 

respectively, (data not shown in tables).  When pooled over fungicides and experiments, in 

the absence of micronutrients, combination of sethoxydim plus crop oil concentrate plus 

lambda-cyhalothrin increased the solution pH compared with sethoxydim plus crop oil 

concentrate across sampling times (Table 24).  When compared to sethoxydim plus crop oil 

concentrate, including boron in solution increased pH dramatically (pH > 9.0), however, 

addition of manganese lowered the solution pH to highly acidic range (pH < 3.0) irrespective 

of insecticide, adjuvants, and sampling times (Table 24).  In the presence of micronutrients, 

addition of conditioning agent to sethoxydim solution decreased solution pH compared with 

solution with sethoxydim plus crop oil concentrate at four sampling intervals (Table 24).  

However, in the absence of micronutrients and lambda-cyhalothrin, including conditioning 

agent increased solution pH compared with sethoxydim plus crop oil concentrate at 0, 6, and 

24 h sampling times but no difference was noted at 72 h sampling time (Table 24).  When 
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pooled over insecticides and experiments, in the absence of boron and manganese, 

combination of sethoxydim plus crop oil concentrate or conditioning agent plus 

chlorothalonil plus tebuconazole or  pyraclostrobin increased solution pH compared with 

solution containing sethoxydim plus crop oil concentrate at 0 and 6 h sampling times (Table 

25).  Boron addition to solution with sethoxydim plus crop oil concentrate raised the 

sethoxydim solution pH from 4.30 to 9.36, 4.33 to 9.35, 4.53 to 9.19, an 4.57 to 9.18 at 0, 6, 

24, and 72 h sampling intervals, respectively (Table 25).  On the contrary, manganese 

inclusion lowered pH of sethoxydim solution containing sethoxydim plus crop oil 

concentrate from 4.30 to 2.62, 4.33 to 2.62, 4.53 to 2.82, and 4.57 to 2.82 at four sampling 

times (Table 25).  In the absence of boron, when compared to pH of solution with 

sethoxydim plus crop oil concentrate at 0 and 6 h sampling times, a slight increase in solution 

pH was observed at 24 h sampling time (Table 25).  Solutions containing sethoxydim 

combinations had pH ranging from 2.54 to 9.41 across sampling times (Tables 24 and 25).  

When pooled over experiments, the effects of fungicides, micronutrients and adjuvants on pH 

of solution with sethoxydim plus crop oil concentrate were same as discussed previously 

(Table 26).   

 

Precipitates were produced by several combinations of sethoxydim at 0, 6, 24, and 72 h 

sampling times (Table 27).  Sethoxydim plus chlorothalonil plus tebuconazole plus lambda-

cyhalothrin plus crop oil concentrate; sethoxydim plus chlorothalonil plus tebuconazole plus 

lambda-cyhalothrin plus crop oil concentrate plus boron or manganese; sethoxydim plus 

pyraclostrobin plus with or without lambda-cyhalothrin plus conditioning agent plus boron 
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produced permanent precipitates at all sampling intervals (Table 27).  Solutions with 

sethoxydim plus chlorothalonil plus tebuconazole plus conditioning agent plus with or 

without lambda-cyhalothrin formed temporary precipitates at 0 and 6 h after initial solution 

preparation but produced permanent precipitates at 24 and 72 h after the initial mixing (Table 

27). Also, solution with sethoxydim plus chlorothalonil plus tebuconazole plus conditioning 

agent plus manganese formed temporary precipitates at 0, 6, and 24 h sampling intervals but 

precipitates changed to permanent by 72 h sampling time (Table 27).  Replacement of crop 

oil concentrate with conditioning agent in solution with sethoxydim plus pyraclostrobin plus 

lambda-cyhalothrin plus boron resulted in formation of permanent precipitates (Table 27).  

 

The interaction of graminicide X chloroacetamide herbicide X 2,4-DB X fungicide X 

sampling time was significant for solution pH determined for graminicide combinations 

(Table 28).  When analyzed by sampling time, the interaction of graminicide X 

chloroacetamide herbicide X 2,4-DB X fungicide was significant at 0, 6, and 24 h sampling 

intervals (Table 29).  Solution pH measured at 72 h was affected by interactions of 

graminicide X 2,4-DB X fungicide, graminicide X chloroacetamide herbicide X fungicide, 

and graminicide X chloroacetamide herbicide X 2,4-DB (Table 29).  Regardless of 

graminicides, chloroacetamide herbicides, and 2,4-DB, addition of pyraclostrobin increased 

solution pH at all sampling intervals (Tables 30, 31, 32, 34, and 35).  In the absence of 2,4-

DB, addition of chloroacetamide herbicides dimethenamid-P and S-metolachlor to clethodim 

or sethoxydim solutions decreased solution pH compared with solution containing clethodim 

or sethoxydim at 0, 6, 24, and 72 h sampling times (Tables 30, 31, 32, and 33).  Regardless of 
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chloroacetamide herbicides, fungicide, and graminicides, including 2,4-DB in graminicides 

solution increased pH compared with graminicides alone at sampling intervals (Tables 30, 

31, 32, 33, 34, and 35).  Solution with clethodim plus crop oil concentrate had higher pH than 

solution with sethoxydim plus crop oil concentrate over sampling intervals (Tables 30, 31, 

32, 33, 34, and 35).  Regardless of graminicides, fungicide, and 2,4-DB, solutions containing 

S-metolachlor had pH lower than solutions with dimethenamid-P (Tables 30, 31, 32, 33, and 

34).  

 

In a few instances, solution with graminicide combinations formed temporary precipitates at 

0, 6, 24, and 72 h sampling times (Table 36).  For instance, a combination of clethodim plus 

crop oil concentrate plus pyraclostrobin plus with or without S-metolachlor formed 

temporary precipitates across sampling times but solution was reestablished after vortexing at 

each sampling time (Table 36).  In contrast, combination of sethoxydim plus crop oil 

concentrate plus pyraclostrobin did not form any precipitates at any sampling times (Table 

36).   

 

Correlations for Texas panicum and large crabgrass control, pooled over experiments, by 

clethodim and sethoxydim combinations and solution pH across sampling times were not 

significant (Table 37).  Also, correlations for goosegrass and large crabgrass control by 

graminicide combinations and solution pH determined over sampling intervals were not 

significant (Table 37). 
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Collectively, field experiments demonstrated that considerable variation in Texas panicum 

and large crabgrass control was observed.  In many instances, the efficacy of clethodim was 

affected by pyraclostrobin.  Several adverse interactions were noted when comparing control 

of large crabgrass by sethoxydim in combination with other agrochemicals.  Application of 

conditioning agent with fungicides or with boron decreased control of large crabgrass by 

sethoxydim over sethoxydim with crop oil concentrate.  In many instances, large crabgrass 

control was reduced when sethoxydim was applied in combination with other agrochemicals. 

 

Pyraclostrobin consistently reduced goosegrass and large crabgrass control by graminicides.  

In many instances, clethodim controlled goosegrass and large crabgrass more effectively than 

sethoxydim.  Lack of a consistent reduction of sethoxydim activity may have been a 

reflection of relatively poor control by sethoxydim regardless of co-applied pesticides. 

Chloroacetamide herbicides did not reduce goosegrass or large crabgrass control by 

graminicides, and in some instances increased control by graminicides.  The herbicide 2,4-

DB had the least affect on graminicides. 

 

Results of the physiochemical compatibility study indicated that addition of boron and 

manganese resulted in major changes in pH of the solution with clethodim and sethoxydim 

combinations.  Our results demonstrated that regardless of the clethodim and sethoxydim 

combinations, boron increases pH while addition of manganese makes solutions highly 

acidic.  Regardless of other agrochemicals in the solution, conditioning agent slightly 

decreased solution pH compared to crop oil concentrate.  In the absence of micronutrients, 
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combinations of clethodim and sethoxydim with fungicides increased solution pH over 

combinations without fungicides.  Results of physiochemical compatibility indicated that 

although several clethodim and sethoxydim combinations with fungicides, insecticides, 

micronutrients, and adjuvants or with chloroacetamide herbicides, 2,4-DB, and fungicides 

formed temporary precipitates at different time intervals, could be brought back into solution 

after agitation.  In a few instances, permanent precipitates were produced by both clethodim 

and sethoxydim combinations.  No significant correlations between grass control by 

clethodim or sethoxydim with solution pH determined were noted.   
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Source of Materials 

1
TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

   IL 60189. 

 
2
Select MAX Herbicide. Valent U.S.A. Corporation. P.O. Box 8025 Walnut Creek, CA. 

 

3
Poast product label. BASF Corporation Agricultural Products. P.O. Box 1528, Research  

  Triangle Park, NC 27709.  
 

4
Bravo Weather Stik

®
, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

  27419. 
 

5
Folicur® 3.6 F Foliar Fungicide, Bayer Cropscience LP, P.O. Box 12014, Alexander Drive,  

  Research Triangle Park, NC 27709. 
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6
Headline fungicide, BASF Corporation, Research Triangle Park, NC 27709. 

 

7
Karate Z insecticide, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

   27419. 
 

8
Nutrisol

 
10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

  
9
Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 

10
CLASS

®
 ACT

®
NG, Water conditioning agent and nonionic surfactant blend, Winfield   

   Solutions, LLC, P.O. Box 64589, St. Paul, MN 55164. 
 

11
Agri-Dex

®
 nonionic spray adjuvant, Helena Chemical Company, Collierville, TN 38137. 

 

12
Select 2EC product label. Valent U.S.A. Corporation. P.O. Box 8025 Walnut Creek, CA. 

 
13

Outlook Herbicide, BASF Corporation, Research Triangle Park, NC 27709. 
 

14
Dual Magnum Herbicide, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 

 
15

Butyrac 200 Herbicide
®

, Albaugh Inc., Ankeny, IA 50021.
 

 
16

Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn NJ   

   07410. 

 
17

Vortex Genie 2
TM

, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
18

Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
19

Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

   NC 27513. 
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Table 1. Application rates of herbicides, fungicides, insecticide, micronutrients, and adjuvants  

applied in these experiments. 

 

Agrochemicals Trade name Classification Rate 

Clethodim Select Herbicide 0.20 kg ai/ha 

Sethoxydim Poast Herbicide 0.13 kg ai/ha 

Clethodim Select MAX Herbicide 0.20 kg ai/ha 

2,4-DB Butyrac 200 Herbicide 0.28 kg ai/ha 

Dimethenamid-P Outlook Herbicide 0.84 kg ai/ha 

S-metolachlor Dual Magnum Herbicide 1.06 kg ai/ha 

Chlorothalonil Bravo WeatherStik Fungicide 0.84 kg ai/ha 

Pyraclostrobin Headline Fungicide 0.17 kg ai/ha 

Tebuconazole Folicur Fungicide 0.22 kg ai/ha 

Lambda-cyhalothrin Karate Z Insecticide 0.017 kg ai/ha 

Boron Nutrisol 10% B   Micronutrient 2.34 L/ha 

Manganese Nutrisol 8% Mn  Micronutrient 2.34 L/ha 

Conditioning agent Class Act Adjuvant 1.0% (v/v) 

Crop oil concentrate Agri-Dex Adjuvant 1.0% (v/v) 
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Table 2. P > F for main effects and interactions 21 d after application when clethodim and sethoxydim 

 were applied alone or in combination with fungicides, insecticides, micronutrients, and adjuvants for the  

control of Texas panicum and large crabgrass, respectively.  

 

 

Source 

Clethodim Sethoxydim 

Texas panicum Large crabgrass 

 ________________p value_______________ 

Experiment (Exp) 0.0026 0.0013 

Fungicide (Fung) 0.0009 <.0001 

Micronutrient (Micro) 0.6348 0.0008 

Insecticide (Ins) 0.6293 0.0002 

Adjuvant (Adju) 0.3333 <.0001 

Fung*Micro 0.4973 0.0001 

Fung*Ins 0.5588 0.4652 

Fung*Adju 0.1274 <.0001 

Ins*Micro 0.7228 0.2281 

Micro*Adju 0.0013 0.0700 

Ins*Adju 0.1429 0.0987 

Fun*Ins*Micro 0.0166 0.1241 

Fung*Micro*Adju 0.0526 0.0066 

Ins*Micro*Adju 0.3872 0.0816 

Fung*Ins*Adju 0.1092 0.5023 

Fung*Ins*Micro*Adju 0.4253 0.5540 

Exp*Fung 0.0148 <.0001 

Exp*Micro 0.4759 0.6809 

Exp*Ins 0.7932 0.0247 

Exp*Adju 0.7967 0.7468 

Exp*Fung*Micro 0.1807 0.0048 
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Table 2 continued   

Exp*Fung*Ins 0.9553 0.2683 

Exp*Fung*Adju 0.3648 0.0262 

Exp*Ins*Micro 0.5748 0.0824 

Exp*Micro*Adju 0.0084 <.0001 

Exp*Ins*Adju 0.3351 0.5070 

Exp*Fung*Ins*Micro 0.1684 0.0021 

Exp*Fung*Micro*Adju 0.4154 0.0176 

Exp*Ins*Micro*Adju 0.9390 0.0022 

Exp*Fung*Ins*Adju 0.2522 0.2335 

Exp*Fung*Ins*Micro*Adju 0.8367 0.1735 

Coefficient of variation (%) 14.3 12.6 
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Table 3. Control of Texas panicum 21 d after application when clethodim was applied alone or in 

 combination with micronutrients and adjuvants in peanut at Lewiston-Woodville in 2008.a 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s 

 Protected LSD test at p ≤ 0.05. Data are pooled over fungicides and insecticides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Micronutrient 

Field 1  Field 2 

Adjuvant  Adjuvant 

Crop oil 

concentrate 

Conditioning 

agent 

Crop oil 

concentrate 

Conditioning 

agent 

 _______________________________________%_________________________________ 

None 87 a 87 a  86 ab 86 ab 

Boron 86 a 86 a  84 b 88 ab 

Manganese 87 a 85 a   90 a 78 c 
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Table 4. Control of Texas panicum 21 d after application when clethodim was applied alone  

or in combination with fungicides in peanut at Lewiston-Woodville in 2008.a 

  

Fungicide Field 1 Field 2 

 ___________________________%___________________________ 

None  87 ab 90 a 

Pyraclostrobin 86 b 82 c 

Chlorothalonil plus tebuconazole 86 b 84 bc 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s  

Protected LSD test at p ≤ 0.05. Data are pooled over insecticides, micronutrients, and adjuvants. 
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Table 5. Control of Texas panicum 21 d after application when clethodim was applied alone or in combination with fungicides, insecticides, and 

micronutrients in peanut.a  

 

  

 

 

Micronutrient  

Fungicide 

None  Pyraclostrobin  Chlorothalonil plus tebuconazole 

Insecticide  Insecticide  Insecticide 

None Lambda-cyhalothrin None Lambda-cyhalothrin None Lambda-cyhalothrin 

 _____________________________________________________________________%________________________________________________________________ 

None 88 a-d 89 abc  89 a-e 81 ef  83 c-f 87 a-e 

Boron 90 ab 92 a  79 f 86 a-e  88 a-d 82 def 

Manganese 86 a-e 88 a-d  83 c-f 84 b-f  85 b-f 85 b-f 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over  

adjuvants and experiments. 
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Table 6. Control of Texas panicum 21 d after application when clethodim was applied alone or in combination  

with fungicides, micronutrients, and adjuvants in peanut.a  

 

 

Micronutrient 

 

Fungicide 

Adjuvant 

Crop oil concentrate Conditioning agent 

  ________________________%______________________ 

None None 88 abc 88 abc 

None Pyraclostrobin 84 c 86 bc 

None Chlorothalonil plus tebuconazole 84 c 85 bc 

Boron None 87 bc 94 a 

Boron Pyraclostrobin 82 cd 84 c 

Boron Chlorothalonil plus tebuconazole 87 bc 83 c 

Manganese None 88 abc 86 bc 

Manganese Pyraclostrobin 91 ab 76 d 

Manganese Chlorothalonil plus tebuconazole 87 bc 83 c 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 
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Table 7. Control of large crabgrass 21 d after the application when sethoxydim was applied alone or in combination with insecticides, micronutrients, 

and adjuvants at Clayton in 2009.a  

 

 

 

Micronutrient 

 

 

Insecticide 

Field 1  Field 2 

Adjuvant  Insecticide 

Crop oil concentrate Conditioning agent  Crop oil concentrate Conditioning agent 

  ______________________________________________________%___________________________________________________________ 

None None 81 bc 78 cd  86 bcd 89 abc 

None Lambda-cyhalothrin 89 a 74 de  93 a 82 d 

Boron None 85 ab 68 ef  91 ab 64 e 

Boron Lambda-cyhalothrin 85 ab 73 de  85 bcd 81 d 

Manganese None 89 a 62 f  89 abc 84 cd 

Manganese Lambda-cyhalothrin 91 a 82 bc  90 abc 80 d 

 

 aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  Data are pooled 

over fungicides. 
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Table 8. Control of large crabgrass 21 d after the application when sethoxydim was applied alone or in combination with fungicides, micronutrients, and 

adjuvants at Clayton in 2009.a  

 

 

 

Micronutrient 

 

 

Fungicide 

Field 1  Field 2 

Adjuvant  Adjuvant 

Crop oil concentrate Conditioning agent  Crop oil concentrate Conditioning agent 

  ______________________________________________________%___________________________________________________________ 

None None 94 ab 88 b-e  88 bc 91 ab 

None Pyraclostrobin 87 b-e 75 fg  81 cd 79 d 

None Chlorothalonil plus tebuconazole 93 abc 72 g  82 cd 79 d 

Boron None 88 b-e 94 ab  96 a 86 bcd 

Boron Pyraclostrobin 81 ef 69 g  85 bcd 84 bcd 

Boron Chlorothalonil plus tebuconazole 86 cde 68 g  84 bcd 48 e 

Manganese None 96 a 93 abc  98 a 91 ab 

Manganese Pyraclostrobin 84 de 81 ef  85 bcd 84 bcd 

Manganese Chlorothalonil plus tebuconazole 91 a-d 69 g  85 bcd 44 e 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  Data are pooled 

over insecticides. 
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Table 9. Control of large crabgrass 21 days after the application when sethoxydim was applied alone or in combination with fungicides,  

micronutrients, and insecticides at Clayton in 2009.a  

 

 

 

Micronutrient 

 

 

Fungicide 

Field 1  Field 2 

Insecticide Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  __________________________________________________%______________________________________________________ 

None None 94 ab 87 bcd  93 abc 86 c-f 

None Pyraclostrobin 83 c-f 79 efg  81 efg 80 fgh 

None Chlorothalonil plus tebuconazole 85 cde 79 efg   89 a-d 73 h 

Boron None 89 abc 93 ab  95 ab 88 b-e 

Boron Pyraclostrobin 77 fgh 73 gh  86 c-f 83 d-g 

Boron Chlorothalonil plus tebuconazole 83 c-f 71 h  52 j 60 i 

Manganese None 93 ab 96 a  96 a 93 abc 

Manganese Pyraclostrobin 83 c-f 83 c-f  88 b-e 82 d-g 

Manganese Chlorothalonil plus tebuconazole 79 efg 81 def  76 gh 53 ij 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  Data are  

pooled over adjuvants. 
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Table 10. P > F of main effects and interactions 21 d after application when clethodim and sethoxydim  

were applied in combination with chloroacetamide herbicides, pyraclostrobin, and 2,4-DB for  

the control of goosegrass and large crabgrass. 

 

Source Goosegrass control Large crabgrass control 

 ______________________p value_______________________ 

Experiment (Exp) <.0001 <.0001 

Graminicide (Grami) <.0001 <.0001 

Chloroacetamide herbicide (Chlor) <.0001 0.3012 

2,4-DB  0.1403 0.5198 

Fungicide (Fung) <.0001 <.0001 

Grami*Chlor 0.1425 0.3299 

Grami*2,4-DB 0.2215 0.5010 

Grami*Fung 0.9609 0.9068 

Chlor*2,4-DB 0.0015 0.2858 

Chlor*Fung 0.6154 0.1044 

2,4-DB*Fung 0.6170 0.0854 

Grami*Chlor*2,4-DB 0.2398 0.2652 

Grami*Chlor*Fung 0.0200 0.4466 

Chlor*2,4-DB*Fung 0.6861 0.1428 

Grami*2,4-DB*Fung 0.0006 0.0172 

Grami*Chlor*2,4-DB*Fung 0.6752 0.1715 

Exp*Grami 0.1117 <.0001 

Exp*Chlor 0.0096 0.0444 

Exp*2,4-DB 0.1566 0.1441 

Exp*Fung 0.2365 0.0177 

Exp*Grami*Chlor 0.2365 0.3217 

Exp*Grami*2,4-DB 0.1302 0.7432 
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Table 10 continued   

Exp*Grami*Fung 0.2003 0.4509 

Exp*Chlor*2,4-DB 0.0046 0.4999 

Exp*Chlor*Fung 0.8024 0.8494 

Exp*2,4-DB*Fung 0.8368 0.0179 

Exp*Grami*Chlor*2,4-DB 0.7609 0.3253 

Exp*Grami*Chlor*Fung 0.0009 0.0827 

Exp*Chlor*2,4-DB*Fung 0.5242 0.0956 

Exp*Grami*2,4-DB*Fung 0.0007 0.1386 

Exp*Grami*Chlor*2,4-DB*Fung 0.8930 0.8460 

Coefficient of variation (%) 15.6 8.3 
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Table 11. Goosegrass control 21 d after application when clethodim and sethoxydim were applied alone or in 

combination with fungicides and 2,4-DB at Clayton in 2009 and 2010.a 

 

2,4-DB Fungicide Clethodimb Sethoxydim  Clethodim Sethoxydim 

  ___________________________________________%_____________________________________________ 

None None 78 a 55 cd  85 a 78 ab 

None  Pyraclostrobin 54 cd 60 c  80 a 70 b 

2,4-DB None 77 a 69 b  85 a 80 a 

2,4-DB Pyraclostrobin 75 a 47 d  80 a 70 b 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over chloroacetamide herbicides. 

 
bGraminicides applied with crop oil concentrate. 
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Table 12. Goosegrass control 21 d after application when clethodim and sethoxydim were applied alone or in 

combination with chloroacetamide herbicides and fungicides at Clayton in 2009 and 2010.a 

 

Chloroacetamide 

herbicide 

Fungicide Clethodimb Sethoxydim  Clethodim Sethoxydim 

  ______________________________________%_______________________________________ 

None None 76 ab 44 e  85 a 77 ab 

None  Pyraclostrobin 47 de 52 de  80 ab 63 c 

Dimethenamid-P None 85 a 66 bc  84 a 81 a 

Dimethenamid-P Pyraclostrobin 74 b 53 de  79 ab 70 bc 

S-metolachlor None 73 b 76 ab  84 a 79 ab 

S-metolachlor Pyraclostrobin 73 b 56 cd  81 a 77 ab 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over 2,4-DB. 

 
bGraminicides applied with crop oil concentrate. 
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Table 13. Goosegrass control 21 d after application when graminicides were applied alone or in combination 

with chloroacetamide herbicides and 2,4-DB at Clayton.a 

 

 

Chloroacetamide 

herbicide 

2009  2010 

2,4-DB  2,4-DB 

None 2,4-DB  None 2,4-DB 

 ______________________________________________%_______________________________________________ 

None 43 b 66 a  76 a 77 a 

Dimethenamid-P 70 a 69 a  79 a 78 a  

S-metolachlor 72 a 66 a  80 a 81 a 

 
aMeans within a year followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over graminicides and fungicides. 
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Table 14. Large crabgrass control 21 d after application when clethodim and sethoxydim were applied alone or 

in combination with fungicides and 2,4-DB at Rocky Mount.a 

 

 

Fungicide 

2007  2008  2009 

None 2,4-DB  None 2,4-DB  None 2,4-DB 

 ___________________________________________________%__________________________________________________ 

None  77 b 83 a  72 a 71 a  87 a 84 a 

Pyraclostrobin 74 bc 71 c  69 a 69 a  80 b 78 c 

 

aMeans within a year followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over chloroacetamide herbicides and graminicides. 
 
  



128 

 

 

 

 

Table 15. Large crabgrass control 21 d after application when clethodim and sethoxydim were  

applied alone or in combination with chloroacetamide herbicides at Rocky Mount.a 

 

Chloroacetamide 

herbicide 

 

2007 

  

2008 

  

2009 

 __________________________________________%___________________________________________ 

None 76 a  71 a  81 b 

Dimethenamid-P 76 a  70 a  86 a 

S-metolachlor 76 a  70 a  81 b 

 

aMeans within a year followed by the same letter are not significantly different according to 

 Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over fungicides, 2,4-DB, and graminicides. 
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Table 16. Large crabgrass control 21 d after application when clethodim and sethoxydim were applied 

 at Rocky Mount.a 

 

Graminicideb 2007  2008  2009 

 ________________________________________%___________________________________________ 

Clethodim 79 a  72 a  88 a 

Sethoxydim 73 b  69 b  77 b 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s  

Protected LSD test at p ≤ 0.05. Data are pooled over chloroacetamide herbicides, fungicides, and  

2,4-DB. 

 
bGraminicides applied with crop oil concentrate. 
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Table 17. Large crabgrass control 21 d after application when clethodim and sethoxydim were applied 

 alone or in combination with 2,4-DB and fungicide.a 

 

 

 

2,4-DB 

Graminicideb 

Clethodim  Sethoxydim 

None Pyraclostrobin  None Pyraclostrobin 

 ____________________________________________%______________________________________________ 

None 82 a 77 b  75 b 72 c 

2,4-DB 82 a 77 b  77 b 68 d 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test  

at p ≤ 0.05. Data are pooled over chloroacetamide herbicides and experiments. 

 
bGraminicides applied with crop oil concentrate. 
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Table 18.  P > F for main effects and interactions of solution pH determined at different sampling times when 

clethodim and sethoxydim were applied alone or in combination with fungicides, insecticides, micronutrients, 

and adjuvants. 

 

Source Clethodim solution pH Sethoxydim solution pH 

 ___________________________p value____________________________ 

Time 0.5065 <.0001 

Fungicide (Fung) <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 

Insecticide (Ins) <.0001 <.0001 

Adjuvant (Adju) <.0001 <.0001 

Fung*Micro <.0001 <.0001 

Fung*Ins 0.0623 <.0001 

Fung*Adju <.0001 <.0001 

Ins*Micro <.0001 <.0001 

Micro*Adju <.0001 <.0001 

Ins*Adju 0.0038 0.0023 

Fung*Ins*Micro 0.0735 <.0001 

Fung*Micro*Adju <.0001 <.0001 

Ins*Micro*Adju <.0001 <.0001 

Fung*Ins*Adju 0.1387 0.0328 

Fung*Ins*Micro*Adju 0.1301 0.0030 

Fung*Time 0.3447 <.0001 

Micro*Time <.0001 <.0001 

Ins*Time 0.9820 0.3266 

Adju*Time <.0001 0.0036 

Fung*Micro*Time <.0001 <.0001 

Fung*Ins*Time 0.9973 0.9553 
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Table 18 continued   

Fung*Adju*Time <.0001 <.0001 

Ins*Micro*Time 0.9935 0.7806 

Micro*Adju*Time 0.9092 0.2681 

Ins*Adju*Time 0.9782 0.0441 

Fung*Ins*Micro*Time 0.1469 0.9989 

Fung*Micro*Adju*Time 0.9936 <.0001 

Ins*Micro*Adju*Time 0.9057 0.0052 

Fung*Ins*Adju*Time 0.9143 0.6784 

Fung*Ins*Micro*Adju*Time 0.9143 0.9573 

Coefficient of variation (%) 2.9 0.91 
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Table 19.  Solution pH determined when clethodim was applied alone or in combination with fungicides and micronutrients across  

sampling times.a 

 

 

Micronutrient 

 

Fungicide 

Hours after mixing 

0  6  24  72 

  ___________________________________pH____________________________________ 

None None  4.24 l  4.55 j  4.47 jk  4.39 k 

None Pyraclostrobin 5.16 fgh  5.16 fgh  5.11 ghi  5.07 hi 

None Chlorothalonil plus tebuconazole 5.06 i  5.26 e  5.23 ef  5.20 efg 

Boron None  9.24 a  9.12 cd  9.11 cd  9.14 bcd 

Boron Pyraclostrobin 9.22 ab  9.14 bcd  9.14 bcd  9.15 a-d 

Boron Chlorothalonil plus tebuconazole 9.20 abc  9.11 cd  9.10 d  9.13 bcd 

Manganese None  2.58 m  2.58 m  2.57 m  2.61 m 

Manganese Pyraclostrobin 2.64 m  2.60 m   2.58 m  2.64 m 

Manganese Chlorothalonil plus tebuconazole 2.62 m  2.60 m  2.59 m  2.59 m 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are  

pooled over insecticides, adjuvants, and experiments. 
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      Table 20.  Solution pH determined when clethodim was applied alone or in combination with adjuvants and micronutrients across sampling times.a 

 

 

 

 

 

Micronutrient 

 Hours after mixing 

 0  6  24  72 

 Insecticide  Insecticide  Insecticide  Insecticide 

 None Lambda-

cyhalothrin 

 None Lambda-

cyhalothrin 

 None Lambda-

cyhalothrin 

 None Lambda-

cyhalothrin 

  __________________________________________________________________pH___________________________________________________________________ 

None  4.73 g 4.91 de  4.92 de 5.07 c  4.87 ef 5.01 cd  4.80 f 4.98 cd 

Boron  9.23 a 9.21 ab  9.13 b 9.13 b  9.12 b 9.12 b   9.14 ab 9.14 ab 

Manganese  2.60 h 2.63 h  2.58 h 2.61 h  2.57 h 2.58 h  2.61 h 2.62 h 

 
              aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

          fungicides, adjuvants, and experiments. 
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Table 21.  Solution pH determined when clethodim was applied alone or in combination with insecticides, 

micronutrients, and adjuvants across sampling times.a  

 

 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD  

test at p ≤ 0.05. Data are pooled over fungicides and experiments. 
 

  

 

 

 

Micronutrient 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Crop oil 

concentrate 

Conditioning 

agent 

Crop oil 

concentrate 

Conditioning 

agent 

 ___________________________________pH_________________________________ 

None 4.91 d 4.75 e  5.21 c 4.78 e 

Boron 9.37 a 8.94 b  9.35 a 8.95 b 

Manganese 2.45 g 2.73 f  2.47 g 2.75 f 



136 

 

 

 

 

Table 22. Solution pH determined when clethodim was applied alone or in combination with fungicides, 

micronutrients, and adjuvants across sampling times.a  

 

 

Micronutrient 

 

Fungicide 

Adjuvant 

Crop oil concentrate Conditioning agent 

  ________________________pH______________________ 

None None 4.25 h 4.57 g 

None Pyraclostrobin 5.56 c 4.70 f 

None Chlorothalonil plus tebuconazole 5.36 d 5.02 e 

Boron None 9.36 a 8.94 b 

Boron Pyraclostrobin 9.36 a 8.96 b 

Boron Chlorothalonil plus tebuconazole 9.34 a 8.93 b 

Manganese None 2.45 j 2.71 i 

Manganese Pyraclostrobin 2.45 j 2.78 i 

Manganese Chlorothalonil plus tebuconazole 2.47 j 2.73 i 

 

 aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments.
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                    Table 23. Presence or absence of precipitates on mixing of clethodim with other agrochemicals at four sampling intervals. a 

 

Agrochemicals Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6 24 72 

    ______________precipitates______________ 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

Pyraclostrobin None Crop oil concentrate None N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate None N N N N 

None Lambda-cyhalothrin Crop oil concentrate None N N N N 

None None Crop oil concentrate None N N N N 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate Boron N N N N 

Pyraclostrobin None Crop oil concentrate Boron N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate Boron Y* Y* Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate Boron Y* Y* Y* Y* 
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Table 23 continued       

None Lambda-cyhalothrin Crop oil concentrate Boron N N N N 

None None Crop oil concentrate Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate Manganese Y* Y* Y* Y* 

Pyraclostrobin None Crop oil concentrate Manganese N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

None None Crop oil concentrate Manganese N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None N N N N 

Pyraclostrobin None Conditioning agent None N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Conditioning agent None Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin Conditioning agent None N N N N 

None None Conditioning agent None N N N N 
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Table 23 continued       

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil 

plus tebuconazole 

None Conditioning agent Boron Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin Conditioning agent Boron N N N N 

None None Conditioning agent Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese N N N N 

Pyraclostrobin None Conditioning agent Manganese N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Conditioning agent Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin Conditioning agent Manganese N N N N 

None None Conditioning agent Manganese N N N N 

 
aData are pooled over experiments 

*Indicates temporary precipitates  
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 Table 23 continued 

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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           Table 24. Solution pH determined when sethoxydim was applied alone or in combination with insecticides, micronutrients, and adjuvants at four   

           sampling intervals.a 

 

 

 

 

Hours after 

mixing 

 

 

 

Insecticide 

Micronutrient 

None  Boron  Manganese 

Adjuvant  Adjuvant  Adjuvant 

Crop oil 

concentrate 

Conditioning 

agent 

 Crop oil 

concentrate 

Conditioning 

agent 

 Crop oil 

concentrate 

Conditioning 

agent 

  _____________________________________________________________pH________________________________________________________ 

0 None 4.56 fg 4.69 cd  9.37 a 9.18 b   2.63 j 2.83 i 

0 Lambda-cyhalothrin 4.70 cd 4.73 cd  9.37 a 9.18 b  2.62 j 2.84 i 

6 None 4.55 fg 4.75 cd  9.37 a 9.19 b  2.61 j 2.85 i 

6 Lambda-cyhalothrin 4.76 c 4.78 c  9.38 a 9.20 b  2.60 j 2.86 i 

24 None 4.54 fg 4.66 de  9.35 a 9.17 b  2.61 j 2.84 i 

24 Lambda-cyhalothrin 4.70 cd 4.73 cd  9.35 a 9.17 b  2.61 j 2.84 i 

72 None 4.41 h 4.48 gh  9.33 a 9.19 b  2.57 j 2.85 i 

72 Lambda-cyhalothrin 4.48 gh 4.58 ef  9.33 a 9.18 b  2.57 j 2.86 i 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over fungicides 

 and experiments.  
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            Table 25. Solution pH determined when sethoxydim was applied alone or in combination with fungicides, micronutrients, and adjuvants at four sampling 

            intervals.a 

 

 

 

 

Hours after 

mixing 

 

 

 

Fungicide 

Micronutrient 

None  Boron  Manganese 

Adjuvant  Adjuvant  Adjuvant 

Crop oil 

concentrate 

Conditioning 

agent 

 Crop oil 

concentrate 

Conditioning 

agent 

 Crop oil 

concentrate 

Conditioning 

agent 

  _____________________________________________________________pH________________________________________________________ 

0 None 4.30 l 4.26 l  9.36 a-d 9.36 a-d  2.62 p 2.60 p 

0 Pyraclostrobin 4.56 hij 4.69 gh  9.39 ab 9.41 a  2.61 p 2.59 p 

0 Chlorothalonil plus tebuconazole 5.02 f 5.02 f  9.35 a-e 9.35 a-e  2.64 nop 2.62 p 

6 None 4.33 l 4.29 l  9.35 a-e 9.33 a-e  2.62 p 2.59 p 

6 Pyraclostrobin 4.58 hi 4.38 jkl  9.37 abc 9.35 a-e  2.58 p 2.54 p 

6 Chlorothalonil plus tebuconazole 4.94 f 4.67 gh  9.33 a-e 9.31 a-e  2.63 op 2.58 p  

24 None 4.53 h-k 4.61 h  9.19 cde 9.20 b-e  2.82 mno 2.84 m 

24 Pyraclostrobin 4.61 h 4.66 gh  9.18 cde 9.20 b-e  2.83 mn 2.86 m 

24 Chlorothalonil plus tebuconazole 4.98 f 5.02 f  9.17 de 9.19 cde  2.86 m 2.87 m 

72 None 4.57 hij 4.35 kl  9.18 cde 9.20 b-e  2.82 mno 2.84 m 

72 Pyraclostrobin 4.60 hi 4.40 i-l  9.17 de 9.18 cde  2.83 mn 2.85 m 
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Table 25 continued         

72 Chlorothalonil plus tebuconazole 4.91 f 4.84 fg  9.16 e 9.18 cde  2.85 m 2.87 m 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over insecticides  

and experiments. 
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            Table 26. Solution pH determined when sethoxydim was applied alone or in combination with fungicides, insecticides, micronutrients, and adjuvants.a 

 

 

 

 

Micronutrient 

 

 

 

Fungicide 

Insecticide 

None  Lambda-cyhalothrin 

Adjuvant  Adjuvant 

Crop oil concentrate Conditioning agent  Crop oil concentrate Conditioning agent 

  __________________________________________________pH______________________________________________________ 

None None 4.23 g 4.51 e  4.36 f 4.52 e 

None Pyraclostrobin 4.42 f 4.51 e  4.69 d 4.63 d 

None Chlorothalonil plus tebuconazole 4.90 c 4.92 c  4.92 c 4.96 c 

Boron None 9.35 a 9.20 c  9.35 a 9.19 b 

Boron Pyraclostrobin 9.37 a 9.18 c  9.39 a 9.19 b 

Boron Chlorothalonil plus tebuconazole 9.34 a 9.17 c  9.34 a 9.17 b 

Manganese None 2.61 i 2.82 h  2.60 i 2.84 h 

Manganese Pyraclostrobin 2.58 i 2.84 h  2.58 i 2.85 h 

Manganese Chlorothalonil plus tebuconazole 2.63 i 2.87 h  2.61 i 2.86 h 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments.    
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                        Table 27. Presence or absence of precipitates on mixing of sethoxydim with other agrochemicals at four sampling intervals. a 

 

Agrochemicals Hours after mixing 

Fungicide Insecticide Adjuvant Micronutrient 0  6 24 72 

    ______________precipitates______________ 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

Pyraclostrobin None Crop oil concentrate None N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate None Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate None Y* Y* Y* Y* 

None Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

None None Crop oil concentrate None N N N N 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate Boron Y* Y* Y* Y* 

Pyraclostrobin None Crop oil concentrate Boron N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate Boron Y* Y* Y* Y* 
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Table 27 continued       

None Lambda-cyhalothrin Crop oil concentrate Boron Y* Y* Y* Y* 

None None Crop oil concentrate Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Crop oil concentrate Manganese N N N N 

Pyraclostrobin None Crop oil concentrate Manganese N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Crop oil concentrate Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin Crop oil concentrate Manganese Y* Y* Y* Y* 

None None Crop oil concentrate Manganese N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent None Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent None N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent None Y* Y* Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

None Conditioning agent None Y* Y* Y^ Y^ 

None Lambda-cyhalothrin Conditioning agent None N N N N 

None None Conditioning agent None N N N N 
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Table 27 continued       

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Boron Y^ Y^ Y^ Y^ 

Pyraclostrobin None Conditioning agent Boron Y^ Y^ Y^ Y^ 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent Boron Y* Y* Y* Y* 

Chlorothalonil 

plustebuconazole 

None Conditioning agent Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin Conditioning agent Boron N N N N 

None None Conditioning agent Boron N N N N 

Pyraclostrobin Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

Pyraclostrobin None Conditioning agent Manganese N N N N 

Chlorothalonil 

plus tebuconazole 

Lambda-cyhalothrin Conditioning agent Manganese Y* Y* Y* Y* 

Chlorothalonil 

plus tebuconazole 

None Conditioning agent Manganese Y* Y* Y* Y^ 

None Lambda-cyhalothrin Conditioning agent Manganese N N N N 

None None Conditioning agent Manganese N N N N 

 
aData are pooled over experiments 

*Indicates temporary precipitates  



148 

 

 

 

 

 Table 27 continued 

^Indicates permanent precipitates  

 „Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 28. P > F for main effects and interactions of solution pH determined at different sampling 

times when clethodim and sethoxydim were applied alone or in combination with chloroacetamide  

herbicides, 2,4-DB, and fungicides. 

 

Source Solution pH 

 p value  

Time <.0001 

Graminicide (Grami)  <.0001 

Chloroacetamide herbicide (Chlor)  <.0001 

2,4-DB  <.0001 

Fungicide (Fung)  <.0001 

Grami*Chlor <.0001 

Grami*2,4-DB <.0001 

Grami*Fung <.0001 

Chlor*2,4-DB <.0001 

Chlor*Fung <.0001 

2,4-DB*Fung <.0001 

Grami*Chlor*2,4-DB <.0001 

Grami*Chlor*Fung <.0001 

Chlor*2,4-DB*Fung <.0001 

Grami*2,4-DB*Fung 0.0006 

Grami*Chlor*2,4-DB*fung <.0001 

Grami*Time  <.0001 

Chlor*Time  <.0001 

2,4-DB*Time  <.0001 

Fung*Time  <.0001 

Grami*Chlor*Time <.0001 

Grami*2,4-DB*Time <.0001 
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Table 28 continued  

Grami*Fung*Time 0.4155 

Chlor*2,4-DB*Time <.0001 

Chlor*Fung*Time 0.0313 

2,4-DB*Fung*Time <.0001 

Grami*Chlor*2,4-DB*Time <.0001 

Grami*Chlor*Fung*Time 0.2518 

Chlor*2,4-DB*Fung*Time <.0001 

Grami*2,4-DB*Fung*Time 0.1335 

Grami*Chlor*2,4-DB*Fung*Time 0.0165 

Coefficient of variation (%) 0.42 
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Table 29. P > F for main effects and interactions of solution pH determined at different sampling times  

when clethodim and sethoxydim were applied alone or in combination with chloroacetamide herbicide,  

2,4-DB, and fungicides. 

 

 

Source 

Hours after mixing 

0  6  24  72  

 ____________________________p value_____________________________ 

Graminicide (Grami)  <.0001 <.0001 <.0001 <.0001 

Chloroacetamide herbicide (Chlor)  <.0001 <.0001 <.0001 <.0001 

2,4-DB  <.0001 <.0001 <.0001 <.0001 

Fungicide (Fung)  <.0001 <.0001 <.0001 <.0001 

Grami*Chlor <.0001 <.0001 <.0001 0.2967 

Grami*2,4-DB <.0001 <.0001 <.0001 <.0001 

Grami*Fung 0.0090 <.0001 0.0004 <.0001 

Chlor*2,4-DB <.0001 <.0001 <.0001 <.0001 

Chlor*Fung <.0001 <.0001 <.0001 <.0001 

2,4-DB*Fung 0.0013 <.0001 <.0001 <.0001 

Grami*Chlor*2,4-DB <.0001 <.0001 <.0001 <.0001 

Grami*Chlor*Fung <.0001 <.0001 <.0001 <.0001 

Chlor*2,4-DB*Fung <.0001 <.0001 <.0001 0.1471 

Grami*2,4-DB*Fung 0.0070 0.8257 0.3514 0.0039 

Grami*Chlor*2,4-DB*Fung <.0001 <.0001 <.0001 0.5085 

Coefficient of variation (%) 0.41 0.41 0.41 0.43 
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Table 30. Solution pH determined at the time of mixing when clethodim or sethoxydim were applied alone  

or in combination with 2,4-DB, chloroacetamide herbicides, and fungicides.a 

 

 

 

Chloroacetamide 

herbicide 

 

 

Fungicide 

Graminicideb 

Clethodim  Sethoxydim 

None  2,4-DB  None  2,4-DB 

  __________________________________pH____________________________________ 

None None 4.25 k 6.15 h  4.17 m 6.29 g 

None  Pyraclostrobin 4.42 i 6.38 f  4.25 k 6.43 e 

Dimethenamid-P None 4.22 l 6.82 a  4.03 o 6.74 b 

Dimethenamid-P Pyraclostrobin 4.35 j 6.73 b  4.10 n 6.75 b 

S-metolachlor None 3.53 q 6.63 d  3.41 s 6.61 d 

S-metolachlor Pyraclostrobin 3.56 p 6.66 c  3.45 r 6.63 d 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test 

at p ≤ 0.05. Data are pooled over experiments. 
 
bGraminicides applied with crop oil concentrate. 
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Table 31. Solution pH determined 6 h after mixing when clethodim or sethoxydim were applied alone or in 

combination with chloroacetamide herbicides, 2,4-DB, and fungicides.a 

 

 

 

Chloroacetamide 

herbicide 

 

 

Fungicide 

Graminicideb 

Clethodim  Sethoxydim 

None  2,4-DB  None  2,4-DB 

  ___________________________________pH____________________________________ 

None None 4.23 l 6.05 i  4.17 n 6.20 h 

None  Pyraclostrobin 4.41 j 6.37 g  4.19 m 6.36 g 

Dimethenamid-P None 4.20 m 6.72 a  3.98 p 6.60 d 

Dimethenamid-P Pyraclostrobin 4.30 k 6.73 a  4.04 o 6.70 b 

S-metolachlor None 3.53 r 6.56 q  3.41 t 6.52 f 

S-metolachlor Pyraclostrobin 3.56 q 6.66 c  3.44 s 6.56 e 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test  

at p ≤ 0.05. Data are pooled over experiments. 

 
bGraminicides applied with crop oil concentrate. 
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Table 32. Solution pH determined 24 h after mixing when clethodim or sethoxydim were applied alone or in 

combination with chloroacetamide herbicides, 2,4-DB, and fungicides.a 

 

 

 

Chloroacetamide 

herbicide 

 

 

Fungicide 

Graminicideb 

Clethodim  Sethoxydim 

None  2,4-DB  None  2,4-DB 

  _________________________________pH___________________________________ 

None None 4.24 l 6.00 i  4.10 n 6.16 h 

None  Pyraclostrobin 4.41 j 6.38 g  4.21 m 6.39 g 

Dimethenamid-P None 4.19 m 6.69 b  3.99 p 6.54 de 

Dimethenamid-P Pyraclostrobin 4.28 k 6.73 a  4.03 o 6.67 bc 

S-metolachlor None 3.51 r 6.53 e  3.39 t 6.43 f 

S-metolachlor Pyraclostrobin 3.56 q 6.66 c  3.44 s 6.56 d 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test  

at p ≤ 0.05. Data are pooled over experiments. 
 
bGraminicides applied with crop oil concentrate. 
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Table 33. Solution pH determined 72 h after mixing when clethodim or sethoxydim were applied  

alone or in combination with chloroacetamide herbicides and 2,4-DB.a 

 

 

Chloroacetamide 

herbicide 

Graminicideb 

Clethodim  Sethoxydim 

None  2,4-DB  None  2,4-DB 

 ___________________________________________pH_____________________________________________ 

None 4.37 g 6.24 f  4.12 h 6.28 e 

Dimethenamid-P 4.13 h 6.66 a  4.05 i 6.56 b 

S-metolachlor 3.54 j 6.53 c  3.41 k 6.46 d 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected 

 LSD test at p ≤ 0.05. Data are pooled over fungicides and experiments. 
 
bGraminicides applied with crop oil concentrate. 
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Table 34. Solution pH determined 72 h after mixing when clethodim or sethoxydim were applied  

alone or in combination with chloroacetamide herbicides and fungicides.a 

 

 

 

Chloroacetamide 

herbicide 

Graminicideb 

Clethodim  Sethoxydim 

Fungicide  Fungicide 

None  Pyraclostrobin  None  Pyraclostrobin 

 ___________________________________________pH_____________________________________________ 

None 5.16 f 5.45 a  5.11 g 5.29 d 

Dimethenamid-P 5.33 c 5.45 a  5.25 e 5.36 b 

S-metolachlor 5.00 i 5.07 h  4.89 k 4.98 j 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over 2,4-DB and experiments. 
 
bGraminicides applied with crop oil concentrate. 

  



157 

 

 

 

 

Table 35. Solution pH determined 72 h after mixing when clethodim or sethoxydim were applied  

alone or in combination with 2,4-DB and fungicide.a 

 

 

 

Fungicide 

Graminicideb 

Clethodim  Sethoxydim 

None  2,4-DB  None  2,4-DB 

 ___________________________________________pH_____________________________________________ 

None 3.93 f 6.39 c  3.81 h 6.35 d 

Pyraclostrobin 4.09 e 6.56 a  3.90 g 6.51 b 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected  

LSD test at p ≤ 0.05.  Data are pooled over chloroacetamide herbicides and experiments. 
 
bGraminicides applied with crop oil concentrate. 
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Table 36. Presence or absence of precipitates on mixing of clethodim or sethoxydim with other agrochemicals at four sampling intervals.a 

 

Agrochemicals  Hours after preparation 

Graminicidesb  Chloroacetamide herbicide Fungicide 2,4-DB 0  6  24  72  

    _________________precipitates___________________ 

Clethodim S-metolachlor None 2,4-DB N N N N 

Clethodim None  Pyraclostrobin None  Y* Y* Y* Y* 

Clethodim S-metolachlor Pyraclostrobin None Y* Y* Y* Y* 

Clethodim None None 2,4-DB N N N N 

Clethodim S-metolachlor None None N N N N 

Clethodim Dimethenamid-P None  2,4-DB N N N N 

Clethodim Dimethenamid-P Pyraclostrobin 2,4-DB Y* Y* Y* Y* 

Clethodim Dimethenamid-P None  None  N N N N 

Clethodim Dimethenamid-P Pyraclostrobin None  Y* Y* Y* Y* 

Clethodim None  None  None  N N N N 

Clethodim None Pyraclostrobin 2,4-DB N N N Y* 

Clethodim S-metolachlor Pyraclostrobin 2,4-DB N N N Y* 

Sethoxydim Dimethenamid-P None 2,4-DB N N N N 

Sethoxydim S-metolachlor Pyraclostrobin 2,4-DB Y* Y* Y* Y* 
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Table 36 continued       

Sethoxydim Dimethenamid-P None None N N N N 

Sethoxydim Dimethenamid-P Pyraclostrobin None  Y* Y* Y* Y* 

Sethoxydim S-metolachlor None 2,4-DB N N N N 

Sethoxydim None  Pyraclostrobin None  N N N N 

Sethoxydim Dimethenamid-P Pyraclostrobin 2,4-DB Y* Y* Y* Y* 

Sethoxydim S-metolachlor Pyraclostrobin 2,4-DB Y* Y* Y* Y* 

Sethoxydim None Pyraclostrobin 2,4-DB N N N N 

Sethoxydim S-metolachlor None  None  N N N N 

Sethoxydim None  None  None  N N N N 

Sethoxydim None  None  2,4-DB N N N N 

 

              aData are pooled over experiments 

 
             bClethodim or sethoxydim applied with crop oil concentrate 

 

       *Indicates temporary precipitates  

       ^Indicates permanent precipitates  

       „Y‟ means presence of precipitates  

       „N‟ means no precipitates were seen 
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 Table 37.  F-statistic and Pearson correlation coefficient for visual estimates of percent weed control and solution pH at various 

 times after treatment preparation. 

 

 

 

Grass control 

Hours after treatment preparation 

0   6   24   72  

P > F Coeff.a  P > F Coeff.  P > F Coeff.  P > F Coeff. 

Sethoxydim            

Large crabgrass 0.5878 -0.09  0.5847 -0.09  0.5904 -0.09  0.5672 -0.09 

Clethodim             

Texas panicum 0.5247 -0.10  0.5395 -0.10  0.5332 -0.10  0.5271 -0.10 

Graminicide-Chloroacetamide herbcide-2,4-DB-Pyraclostrobin  

Goosegrass 0.8429 0.04  0.8556 0.04  0.8747 0.03  0.9064 0.02 

Large crabgrass 0.6398 -0.09  0.6192 -0.10  0.6041 -0.10  0.5922 -0.11 

 
aAbbreviation Coeff. is Pearson correlation coefficient. 
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CHAPTER III 

Influence of Herbicides, Insecticides, and Micronutrients on Fungicide Efficacy 

Gurinderbir S. Chahal, David L. Jordan, Barbara B. Shew, Rick L. Brandenburg,  

James D. Burton, and David Danehower

 

 

Abstract 

Field and laboratory experiments were conducted during 2008 and 2009 to study biological 

and physiochemical compatibility when fungicides were applied in combination with 

herbicides, insecticides, and micronutrients for the control of leaf spot and Sclerotinia blight.  

In both years, program with three fungicide sprays was more effective in preventing canopy 

defoliation caused by early and late leaf spot disease than single fungicide spray irrespective 

of the other agrochemical combinations.  Although several interactions were noted among 

agrochemical combinations no general conclusion could be developed concerning 

compatibility of fungicides with other agrochemicals.  Regardless of the other agrochemicals, 

boscalid was more effective than fluazinam in controlling Sclerotinia blight.  Boron, 
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manganese, and 2,4-DB contributed the most to changes in solution pH.  Precipitates formed 

with all fungicide combinations, in most cases solutions were not established after vortexing.  

Correlation among solution pH and canopy defoliation were not significant.    

 

Nomenclature: boron; chlorothalonil; clethodim; folicur; manganese; prothioconazole; 

pyraclostrobin; tebuconazole; 2,4-DB; early leaf spot, Cercospora arachidicola Hori; late 

leaf spot, Cercosporidium personatum (Berk. & M.A. Curtis) Deighton; Sclerotinia blight, 

Sclerotinia minor Jagger. 

Key words: agrochemicals; combinations; interactions; precipitates; solution pH 

Abbreviations: d, days; HAT, hours after treatment; h, hours 

 

Introduction 

 

Peanut (Arachis hypogaea L.) is an important crop in North Carolina and throughout the 

southeastern United States (Brown, 2011).  Peanut growers utilize a wide range of 

agrochemicals to manage pests and to optimize crop growth and development (Gascho and 

Davis, 1995; Lynch and Mack, 1995; Mitchem et al., 1996; Sherwood et al., 1995; Wilcut et 

al., 1995).  Foliar and soilborne diseases are prevalent in peanut, and intensive fungicide 

programs are often implemented to minimize yield loss (Sherwood et al., 1995; Shew, 2011).  

Peanut grown in North Carolina requires timely management of foliar diseases early leaf 

spot, caused by Cercospora arachidicola S. Hori, and late leaf spot, caused by 

Cercosporidium personatum (Berk. & M.A. Curtis) Deighton.  Early leaf spot and late leaf 

spot leaf spot have similar disease cycles.  Control of these diseases is highly dependent upon 
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multiple fungicide applications. Control is currently achieved primarily through fungicidal 

sprays initiated 45-60 days after planting and continuing at 14 day intervals throughout the 

season depending on environmental conditions (Melouk and Shokes, 1995, Culbreath et al., 

2008).  Fungicides currently account for 20% of the variable costs needed to produce peanuts 

(Hagan et al., 2000).  

 Sclerotinia blight of peanut, caused by the soilborne fungus Sclerotinia minor (Jaggar) 

Kohn, is an economically important disease in North Carolina (Porter et al., 1977; Smith et 

al., 2008).  Fluazinam and boscalid are effective in controlling Sclerotinia blight when 

applied timely (Matheron and Porchas, 2004; Smith et al., 2008).  These fungicides protect 

peanut from infection but do not reduce sclerotia population in soil (Shew, 2011).   

 

The relatively poor competitive ability of peanut and the requirement of digging and vine 

inversion require season-long weed control to optimize yield (Wilcut et al., 1995).  

Monocotyledonous weeds, including annual and perennial grasses and sedges, as well as 

dicotyledonous weeds are prevalent in peanut in the United States (Webster, 2009; Wilcut et 

al., 1995).  Comprehensive herbicide programs, in combination with appropriate cultural 

practices, are employed to manage weeds and minimize interference and subsequent yield 

loss (Wilcut et al., 1987, 1995; Wilcut and Swann, 1990).  Herbicides are often co-applied 

either prior to planting (preplant incorporated in conventional tillage or preplant to emerged 

weeds in reduced tillage), immediately following planting (preemergence), or after peanut 

and weeds have emerged (postemergence) to achieve optimum yield (Burke et al., 2003; 

Clewis et al., 2007; Richburg et al., 1996; Wilcut et al., 1994, 1995; York et al., 2004).  
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Agrochemicals with efficacy against insects and plant parasitic nematodes are often applied 

in the seed furrow at planting and include organophosphate and carbamate insecticides 

(Drake et al., 2009; Minton et al., 1990; Minton and Morgan, 1974; Riley et al., 1997).    

Pyrethroid insecticides are often applied to peanut foliage to control potato leaf hopper 

(Empoasca fabae Harris), fall armyworm [Spodoptera frugiperda (J.E. Smith)], corn 

earworm (Heliothis zea Boddie), beet armyworm (Spodoptera exigua Hübner), and two-

spotted spider mites (Tetranychus urticae Koch).  Chloropyrifos can be applied at pegging, 

45 to 70 days after peanut emergence, to control southern corn rootworm (Chapin and 

Thomas, 1993).  Depending on environmental and edaphic conditions and a range of 

agronomic and pest management practices, application of insecticides may be needed 

throughout the growing season to protect peanut from damage.   

 

The micronutrients boron and manganese are applied routinely to optimize peanut growth 

and development and in case of boron to ensure proper kernel development (Gascho and 

Davis, 1995; Harris and Brolman, 1966; Powell et al., 1996).  Because peanut is often grown 

on coarse-textured soils, boron can be deficient due to leaching (Jordan , 2011).  Single and 

in some cases multiple applications of boron-containing foliar solutions are applied 45 to 70 

days after peanut emergence (Gascho and Davis, 1995).  Manganese deficiency occurs 

frequently in peanut because of liming and target soil pH above 6.0.  Correcting a manganese 

deficiency is achieved by foliar applications when visible symptoms become apparent, 
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although some growers apply manganese irrespective of plant symptomology (Powell et al., 

1996). 

 

A diversity of pesticide active ingredients is available for peanut (Brandenburg, 2011; 

Jordan, 2011; Shew, 2011).  Currently, 19 herbicide active ingredients, 16 insecticide active 

ingredients, and 20 fungicide active ingredients representing the major modes of action can 

be applied during the peanut growing season.  Three fumigants, two micronutrients, and one 

plant growth regulator can be used in peanut.  A wide range of advertised plant stimulants are 

available.  Presences of biotic and abiotic stresses mentioned previously often occur 

simultaneously during the peanut growing season, and timing of application for many 

agrochemicals overlap.  Therefore, potential exists for applying herbicides, fungicides, 

insecticides, and foliar micronutrients simultaneously in peanut production systems.  This 

approach is preferable because of convenience, savings in time, reduced application costs, 

and freeing labor for other operations.  Additionally, applying multiple pesticides with 

different modes of action is an important resistance management strategy for pests 

(Brandenburg, 2011; Jordan, 2011; Shew, 2011).  In spite of above mentioned benefits, 

incompatibility can be associated with these mixtures. 

Co-applying pesticides can negatively influence agrochemical efficacy and increase crop 

phytotoxicity (Green, 1989; Hatzios and Penner, 1985).  Defining interactions of 

agrochemicals is important when considering applying agrochemicals simultaneously 

(Barrett 1993; Green, 1989; Hatzios and Penner, 1985; Nash, 1981; Wehtje et al., 1992).  
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Incompatibility can occur through physical interactions in the spray tank, while biological 

incompatibility occurs on plant surface or by affecting physiological processes associated 

with absorption, translocation, and metabolism.  Lack of physiochemical compatibility of 

different agrochemicals in the spray tank may lead to the formation of precipitates which 

may adversely affect application equipments such as screens and nozzles and consequently 

affect pest control (Houghton, 1982).  In biological incompatibility, the active ingredient of 

one component is affected by the active ingredient of the other (Johanson and Kaldon, 1972).  

Various types of interactions can occur on the plant surface when agrochemicals are applied 

simultaneously.  These interactions may occur when absorption, translocation, or metabolism 

of agrochemicals in target pests (Cohen, 1984; Maestri and Currier, 1958; Putnam and 

Penner, 1974; Smith, 1983).  However, in some instances, these interactions can increase 

crop phytotoxicity and decrease pest control (Byrd and York, 1988; Franzen et al., 2003; 

Jordan et al., 2003; Pankey et al., 2004).  Research has been conducted to define interactions 

of fungicides (Bashan et al., 1991; Culbreath et al., 2008; De Waard, 1996, Gisi et al., 1985), 

fungicides and herbicides (Jordan et al., 2003; Kataria and Gisi, 1990; Lancaster et al., 2005, 

2008), fungicides and insecticides (Kataria et al., 1989; Richardson and Miller, 1960; Untied 

and Blanke, 2004), and fungicides and micronutrients (Jordan et al., 2006; Powell, 1993).  

Although interactions in the literature have been defined for some mixtures containing three-

way mixtures (Lancaster et al., 2008), information relative to interactions of four or five-way 

components is limited. 
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 Defining interactions among agrochemicals is important in assisting growers and their 

advisors as they make decisions on co-application of these products.  Research associated 

with the influence of agrochemicals on fungicide performance is limited.  Therefore, the 

objectives of this study were to define interactions when fungicides are applied alone or in 

combination with herbicides, insecticides, and micronutrients with respect to leaf spot and 

Sclerotinia blight control and to determine changes in solution characteristics with these 

fungicide combinations. 

 

Material and Methods 

Interactions of fungicides with other agrochemicals in the field: Experiments were 

conducted during 2008 and 2009 at the Upper Coastal Plain Research Station near Rocky 

Mount and the Peanut Belt Research Station near Lewiston-Woodville, in North Carolina.   

Soils were a Goldsboro fine sandy loam soil (fine-loamy, siliceous, subactive, thermic Aquic 

Paleudults) at Rocky Mount and a Norfolk sandy loam (fine-loamy, kaolinitic, thermic Typic 

Kandiudults) at Lewiston-Woodville.  Efficacy of fungicides was evaluated in separate 

experiments.  Plot size was 0.9 by 3.0 m and 0.9 by 4.6 m for leaf spot and Sclerotinia blight 

control experiments, respectively.  A non-treated peanut row separated each two-row plot.  

The peanut cultivar Philips was used in all experiments and peanuts were planted in the first 

two weeks of May in each year (Isleib et al., 2006). 

 

Leaf spot control with fungicides in four-way combinations: Peanut canopy defoliation 

caused by leaf spot was evaluated at two sites each at the Rocky Mount and Lewiston-
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Woodville, respectively.  One fungicide program consisted of a single spray for the entire 

season versus three fungicide sprays.  In 2008, the first spray included chlorothalonil
1
 plus 

tebuconazole
2
 or pyraclostrobin

3
 in combination with three levels of herbicide (none, 

clethodim
4
, or 2,4-DB

5
), two levels of insecticide (none or lambda-cyhalothrin

6
), and three 

levels of micronutrient (none, boron
7
, or manganese

8
) was applied in mid June.  Crop oil 

concentrate
9
 was applied with clethodim.  Adjuvant was not included with 2,4-DB.  The 

second spray of pyraclostrobin alone was applied to half of the plot at end of July.  Third 

spray of chlorothalonil alone was applied to the same half of the plot in mid August.  Each of 

these fungicide combinations was followed by no additional fungicide or two additional 

applications of fungicides.  In 2009, first spray included the application of propiconazole
10

 

plus tebuconazole or chlorothalonil in combination with different levels of herbicides, 

insecticides, and micronutrients discussed previously.  Second and third sprays of 

pyraclostrobin and chlorothalonil, respectively, were applied to half of the plot as discussed 

previously.  Peanut injury was recorded one week after the application of chlorothalonil and 

prothioconazole plus tebuconazole combinations only used for the control of early and late 

leaf spot disease in 2009.  

 

Agrochemicals were applied at manufacturer‟s suggested use rate (Table 1).  Treatments 

were applied in 140 L/ha aqueous solution by using CO2-pressurized backpack sprayer with 

flat-fan nozzles
11 

at 275 kPa.  The experimental design was a split plot with fungicide 

program (1 or 3 sprays) serving as the whole plot unit and combinations of fungicide, 

herbicide, insecticide, and micronutrient serving as subplot units.  Experiments were repeated 
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in separate fields each year.  Visual estimates of percent peanut injury and canopy defoliation 

were recorded 1 and 3 weeks, respectively, after treatment using a scale of 0 to 100% where 

0 = no crop injury or no canopy defoliation and 100 = complete crop injury or complete 

canopy defoliation. 

 

Sclerotinia blight control with fungicides in four-way combinations: Sclerotinia blight 

experiments were conducted at two sites at Lewiston-Woodville during 2009.  Treatments 

included two levels of fungicide (boscalid
12

 and fluazinam
13

) in combination with three 

levels of herbicide (none, clethodim, or 2,4-DB), two levels of insecticides (none or lambda-

cyhalothrin), and three levels of micronutrients (none, boron, or manganese) applied in late 

July.  Routine fungicide sprays were used in the Sclerotinia blight trials to control southern 

stem rot (caused by Sclerotium rolfsii Sacc.) and leaf spot.  Fields were fumigated with 

metam sodium to control Cylindrocladium black rot (caused by Cylindrocladium parasitium) 

so that disease ratings would not be confounded by diseases other than Sclerotinia blight.  

Peanut injury was recorded one week after the application of boscalid and fluazinam 

combinations.  

 

Agrochemicals were applied at manufacturer‟s suggested use rate (Table 1).  Treatments 

were applied in 140 L/ha aqueous solution by using CO2-pressurized backpack sprayer with 

flat-fan nozzles at 275 kPa.  Experiments were conducted in a randomized complete block 

design with four replications and the experiment was repeated.  Visual estimates of percent 

crop injury or disease were recorded in first week of October using a scale of 0 to 100% 
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where 0 = no crop injury or no disease symptoms associated with Sclerotinia blight and 100 

= complete crop injury or complete canopy expressing symptoms associated with Sclerotinia 

blight. 

 

Physiochemical compatibility of fungicides with other agrochemicals: Laboratory 

experiments were conducted to compare physiochemical compatibility of the fungicides 

combinations at rates and spray volume compared in the field experiments for leaf spot and 

Sclerotinia blight control (Table 1).  In contrast to field experiments where a municipal water 

source was used, deionized water at pH 6.3 was used in the laboratory experiments.  

Agrochemicals were mixed in the following order: dry flowables (boscalid), flowables 

(chlorothalonil, fluazinam, lambda-cyhalothrin, prothioconazole, and tebuconazole), 

emulsifiable concentrates (clethodim, pyraclostrobin, and 2,4-DB), and soluble liquids 

(boron, crop oil concentrate, and manganese).  Fungicide solutions were prepared in a final 

volume of 80 mL in sterilized plastic specimen cups
14

 of 120 mL capacity.  After preparing 

agrochemical mixtures solution was vortexed
15

 immediately and examined for precipitates 

followed by determining pH using a portable pH meter
16

.  Solutions were allowed to sit for 6 

h after mixing, examined for precipitates, vortexed, and re-examined for precipitates 

followed by pH determination.  Similarly, mixtures were allowed to sit for 24 and 72 h after 

the initial solution preparation using the same procedure.  Presence or absence of precipitates 

were determined visually and described as Yes or No, respectively.  Any chemical deposition 

on the bottom of the specimen cup or presence of flakes in the solution was considered 

precipitates.  Two types of precipitates, temporary or permanent, were noticed when 
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herbicides were mixed with other agrochemicals.  Temporary precipitates went back into 

solution on vortexing while permanent precipitates did not go into solution after vortexing.  

Experiments were conducted as a completely randomized design with two replications and 

the experiment was repeated.  

 

Statistical Analysis: Data from field and physiochemical compatibility studies were 

subjected to ANOVA using the PROC GLM procedure of SAS
17

 appropriate for the factorial 

arrangement of treatments using expected mean squares to test fixed and random effects.  

Means of significant main effects and interactions were separated using Fisher‟s Protected 

LSD test at p ≤ 0.05.  Fungicide program was not included in the analysis of peanut injury 

because the second and third sprays had not been applied.  A non-treated control was 

included in the field experiments but was not included in the analysis to allow consideration 

of the treated structure.  F-statistic and Pearson correlation coefficients for canopy defoliation 

caused by leaf spot or peanut diseased plants associated with Sclerotinia blight, pooled over 

experiments for each fungicide and pH determined at four sampling times were determined 

using the PROC CORR statements in SAS. 

 

Results and Discussion 

Interactions of fungicides with other agrochemicals in the field: Severity of canopy 

defoliation varied across years (Tables 5 and 6).  Canopy defoliation exceeded 20% in 2008 

and was 100% in 2009.  In both years, early and late leaf spot was the predominant disease in 

these experiments.   
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Leaf spot control with fungicides in four-way combinations: Main effect fungicide X 

program and the interactions of experiment X micronutrient X herbicide, experiment X 

fungicide X micronutrient,  and experiment X program X fungicide X micronutrient X 

herbicide were significant for canopy defoliation during both years (Table 2).  Regardless of 

the fungicide and other agrochemicals, canopy defoliation was decreased with three 

fungicide sprays compared to one fungicide spray (Table 3).  Multiple applications of 

fungicides are required to prevent canopy defoliation caused by early and late leaf spot 

(Culbreath et al., 2002b).  When pooled over program, herbicides and insecticides, 

chlorothalonil plus tebuconazole protected peanut more from canopy defoliation than 

pyraclostrobin in one experiment (Table 4).  However, Culbreath et al. (2002a) reported that 

pyraclostrobin at rates of 0.17 kg/ha or higher provided better leaf spot control compared to 

chlorothalonil at 1.26 kg/ha or tebuconazole applied at 0.23 kg/ha.  In our study, 

chlorothalonil, pyraclostrobin, and tebuconazole were applied at 0.84, 0.17, and 0.22 kg/ha, 

respectively (Table 1).  In our study, higher control of leaf spot with chlorothalonil plus 

tebuconazole compared to pyraclostrobin might be due to the application of chlorothalonil 

and tebuconazole as mixture instead of single application of either chlorothalonil or 

tebuconazole.  In one experiment, peanut defoliation due to leaf spot was greater with 

chlorothalonil plus tebuconazole plus boron compared to chlorothalonil plus tebuconazole 

(Table 4).  In the same experiment, combination of pyraclostrobin with manganese was more 

effective in preventing canopy defoliation than pyraclostrobin or pyraclostrobin with boron 

(Table 4).  In the second experiment, pyraclostrobin combination with boron or manganese 
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increased canopy defoliation compared to pyraclostrobin alone (Table 4).  When compared to 

chlorothalonil plus tebuconazole, co-application of micronutrients boron or manganese with 

chlorothalonil plus tebuconazole did not affect canopy defoliation in the second experiment 

(Table 4).  When pooled over program, fungicides, and insecticides, in one experiment, 

combinations of chlorothalonil plus tebuconazole or pyraclostrobin with clethodim or 2,4-DB 

or with herbicides plus manganese reduced canopy defoliation than chlorothalonil plus 

tebuconazole or pyraclostrobin  (Table 5).  In the second experiment, including boron with 

fungicides (chlorothalonil plus tebuconazole or pyraclostrobin), increased canopy defoliation 

compared to these fungicides applied alone (Table 5).  In these experiments, the range of 

canopy defoliation was 3 to 25% (Tables 4 and 5). 

 

When pooled over insecticides, in both experiments during 2009, when compared with 

chlorothalonil or prothioconazole plus tebuconazole, no difference in canopy defoliation was 

noted with one fungicide spray program regardless of the fungicide combinations (Table 6).  

In one experiment, prothioconazole plus tebuconazole alone with three fungicide sprays 

program protected peanut from canopy defoliation more than chlorothalonil alone.  Previous 

research suggests that leaf spot control with prothioconazole plus tebuconazole was similar to 

chlorothalonil applied at 1.26 kg/ha in five of eight experiments, but was less effective in the 

remaining three experiments (Culbreath et al., 2008).  In our study, chlorothalonil was 

applied at 0.84 kg/ha.  However, in the second experiment, no difference in canopy 

defoliation was noted with fungicides alone in three fungicide sprays program (Table 6).  In 

one experiment with three fungicide sprays program, when compared to prothioconazole plus 
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tebuconazole, no difference in canopy defoliation was observed when prothioconazole plus 

tebuconazole was applied in combination with herbicides and micronutrients (Table 6).  In 

the same experiment with three fungicide sprays program, combinations of chlorothalonil 

with manganese and clethodim plus crop oil concentrate prevented canopy defoliation more 

effectively than chlorothalonil (Table 6).  In the second experiment with three fungicide 

sprays, combinations of prothioconazole plus tebuconazole with clethodim or manganese 

reduced canopy defoliation compared to prothioconazole plus tebuconazole (Table 6).  When 

compared with chlorothalonil alone, co-application of chlorothalonil with manganese 

increased canopy defoliation in the second experiment with three fungicide sprays program 

(Table 6).  When pooled over insecticides, canopy defoliation by leaf spot disease ranged 

from 29 to 100% (Table 6). 

 

Peanut injury by these fungicide combinations was affected by the interactions of fungicide 

X herbicide, micronutrient X herbicide, and experiment X insecticide X micronutrient X 

herbicide (Table 7).  Peanut injury was higher when chlorothalonil or prothioconazole plus 

tebuconazole were applied with clethodim plus crop oil concentrate or 2,4-DB compared to 

chlorothalonil or prothioconazole plus tebuconazole without herbicides (Table 8).  Jordan et 

al. (2003) reported that peanut injury was higher with chlorothalonil with clethodim plus 

crop oil concentrate than clethodim plus crop oil concentrate.  When pooled over fungicides, 

in one experiment, the combination of chlorothalonil or prothioconazole plus tebuconazole 

with lambda-cyhalothrin plus clethodim plus manganese injured peanut more than these 

fungicides alone (Table 9).  In the second experiment, co-application of chlorothalonil or 
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prothioconazole plus tebuconazole with clethodim plus manganese, lambda-cyhalothrin plus 

clethodim plus manganese, or with lambda-cyhalothrin plus clethodim gave 8, 5, and 4 

percentage points higher peanut injury than chlorothalonil or prothioconazole plus 

tebuconazole (Table 9). 

 

Sclerotinia blight control with fungicides in four-way combinations: Interactions of 

insecticide X micronutrient, experiment X fungicide X insecticide, experiment X insecticide 

X micronutrient, and experiment X insecticide X herbicide were noted for Sclerotinia blight 

control by boscalid and fluazinam (Table 10).  When pooled over herbicides and 

micronutrients, in one experiment, control of disease was greater by fluazinam when co-

applied with lambda-cyhalothrin than fluazinam (Table 11). Also, in the same experiment, 

boscalid without lambda-cyhalothrin controlled the disease more effectively than fluazinam 

alone (Table 11).  Previous research indicates that boscalid preformed marginally better in 

controlling Sclerotinia blight than fluazinam (Smith et al., 2008).  However, no difference in 

disease control was noted when fungicides were applied in combination with or without 

lambda-cyhalothrin in the second experiment (Table 11).  When pooled over fungicides and 

micronutrients, in one experiment, co-application of fungicides with lambda-cyhalothrin and 

2,4-DB increased disease control compared to fungicides (Table 12).  In the second 

experiment, combination of fungicides (boscalid or fluazinam) with clethodim or with 

lambda-cyhalthrin plus 2,4-DB reduced disease control than these fungicides (Table 12).  In 

both experiments, visual estimates of disease associated with Sclerotinia blight symptoms 

was ranging from 19 to 38% when boscalid or fluazinam were applied in combination with 
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herbicides and insecticides (Table 12).  When pooled over fungicides and herbicides, in one 

experiment, co-application of fungicides with lambda-cyhalothrin, with lambda-cyhalothrin 

plus manganese, or with boron reduced disease compared to fungicides alone (Table 13).  In 

the second experiment, no difference in Sclerotinia blight control was noted with different 

fungicide combinations (Table 13).  No peanut injury was noted when boscalid or fluazinam 

was applied in combination with herbicides, insecticides, and micronutrients (data not 

presented in tables). 

 

Physiochemical compatibility of fungicides with other agrochemicals: Significant 

interaction was noted for sampling time and treatment for solution pH determined for 

boscalid, chlorothalonil, chlorothalonil plus tebuconazole, fluazinam, pyraclostrobin, and 

prothioconazole plus tebuconazole (Table 14).  The interactions of fungicide X insecticide X 

micronutrient X herbicide were significant for solution pH measured for chlorothalonil plus 

tebuconazole and pyraclostrobin combinations at 0, 6, and 72 h sampling times (Table 15).   

Solution pH determined for chlorothalonil plus tebuconazole and pyraclostrobin 

combinations at 24 h sampling time was affected by the interactions of fungicide X 

micronutrient X herbicide and insecticide X micronutrient X herbicide (Table 15).  The 

average solution pH containing pyraclostrobin alone was 5.76, 6.24, 6.39, and 6.41 at 0, 6, 

24, and 72 h after initial mixing, respectively while the average solution pH with 

chlorothalonil plus tebuconazole alone was 7.95, 7.77, 7.62, and 7.21 at 0, 6, 24, and 72 h 

after initial mixing, respectively (data not presented in the tables).  Greater variation was 

noted for solution pH determined at four sampling times when chlorothalonil plus 
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tebuconazole or pyraclostrobin were applied with different levels of herbicides, insecticides, 

and micronutrients (Tables 18, 19, 20, 21, and 22).  Chlorothalonil plus tebuconazole alone 

had alkaline solution pH, however, solution with pyraclostrobin alone had acidic to slight 

acidic pH (data not presented in the tables).  Regardless of the sampling time, addition of 

clethodim in chlorothalonil plus tebuconazole or pyraclostrobin solutions reduced the 

solution pH to acidic zone (Tables 18, 19, 20, 21, and 22).  However, addition of 2,4-DB to 

pyraclostrobin solutions without manganese increased the solution pH from acidic to alkaline 

(Tables 18, 19, 20, 21, and 22).  The ranges of solution pH determined for solution with 

pyraclostrobin combinations were 2.59 to 9.45, 2.75 to 9.48, 2.81 to 9.52, and 2.68 to  9.57 at 

0, 6, 24, and 72 h after initial mixing, respectively (Tables 18, 19, 20, 21, and 22).  Solutions 

containing chlorothalonil plus tebuconazole combinations had pH ranging from 2.70 to 9.57 

across four sampling times (Tables 18, 19, 20, 21, and 22).  Chlorothalonil plus tebuconazole 

or pyraclostrobin combinations with boron or 2,4-DB increased the solution pH to alkaline 

zone at four sampling times (Tables 18, 19, 20, 21, and 22).  On the other hand, 

chlorothalonil plus tebuconazole or pyraclostrobin combinations with manganese lowered the 

solution pH of the solution below 3.0, irrespective of other agrochemicals in the solution 

(Tables 18, 19, 20, 21, and 22).  Addition of 2,4-DB to chlorothalonil plus tebuconazole or 

pyraclostrobin combinations with manganese increased the solution pH close to 4.0 (Tables 

18, 19, 20, 21, and 22).  Insecticide had the least effect on pH of solutions with chlorothalonil 

plus tebuconazole or pyraclostrobin combinations. 
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Solution pH determined for chlorothalonil and prothioconazole plus tebuconazole 

combinations was affected by an interaction of fungicide X insecticide X micronutrient X 

herbicide at 0 and 72 h sampling times (Table 16).  The interactions of fungicide X 

micronutrient X herbicide and insecticide X micronutrient X herbicide were noted for 

solution pH determined for chlorothalonil and prothioconazole plus tebuconazole 

combinations at 6 h sampling time (Table 16).   The solution pH measured at 24 h sampling 

time for these fungicides combinations were affected by interactions of fungicide X 

micronutrient X herbicide, insecticide X micronutrient X herbicide, and fungicide X 

insecticide X herbicide (Table 16).  The average solution pH of solution with chlorothalonil 

alone was 5.64, 5.60, 5.54, and 5.74 at 0, 6, 24, and 72 h after initial mixing, respectively 

(data not presented in tables).  Solutions with prothioconazole plus tebuconazole alone had 

average solution pH 5.92, 5.92, 5.90, and 5.72 at 0, 6, 24, and 72 h after initial mixing, 

respectively (data not presented in the tables).  Solution pH for solution with chlorothalonil 

and prothioconazole plus tebuconazole combinations across sampling times were ranging 

from 2.93 to 8.78 and 2.87 to 8.76, respectively (Tables 23, 24, 25, 26, 27, 28, and 29).  

Addition of 2,4-DB to solutions without boron or manganese increased the solution pH close 

to neutral pH (7.0), irrespective of the fungicides (Tables 23, 24, 25, 26, 27, 28, and 29).  

Regardless to fungicides, insecticides, and herbicides, boron addition increased the solution 

pH equal or greater than 8.60 at all four sampling times (Tables 23, 24, 25, 26, 27, 28, and 

29).  On the other hand, manganese decreased the solution pH equal or less than 4.25 across 

sampling times irrespective of herbicides, insecticides, and fungicides in the solution (Table 
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23, 24, 25, 26, 27, 28, and 29).  Insecticide had the least effect on solutions with 

chlorothalonil or prothioconazole plus tebuconazole.    

 

The interactions of fungicide X micronutrient X herbicide and insecticide X micronutrient X 

herbicide were noted for solution pH measured for boscalid and fluazinam combinations at 0, 

6, and 24 h sampling times (Table 17).  The solution pH determined at 72 h sampling time 

for boscalid and fluazinam combinations was affected by an interaction of fungicide X 

insecticide X micronutrient X herbicide (Table 17).  The average solution pH for solution 

with boscalid alone was 4.48, 4.50, 4.55, and 4.55 for 0, 6, 24, and 72 h sampling times, 

respectively while solution with fluazinam alone had average solution pH 6.16, 6.15, 6.18, 

and 6.23 for 0, 6, 24, and 72 h sampling times, respectively (data not presented in the tables).  

In the absence of boron or manganese, addition of 2,4-DB to solution with boscalid or 

fluazinam combination increased the solution pH close to 7.0 (Tables 30, 31, 32, 33, 34, 35, 

and 36).  Regardless of the fungicides, herbicides, and insecticides in the solution, boron 

changed the solution pH equal to or greater than 8.50 however, manganese lowered the 

solution pH value equal to or less than 4.0 across sampling times (Tables 30, 31, 32, 33, 34, 

35, and 36).  In the absence of micronutrients boron or manganese, clethodim plus crop oil 

concentrate decreased the pH of the solution containing fluazinam approximately from 6.20 

to 4.50 (Tables 30, 32, 34, and 36).  Regardless of herbicides, addition of lambda-cyhalothrin 

to fungicides solution without micronutrients slightly increased the solution pH than pH of 

the solution with fungicides alone (Tables 31 and 33).  However, solution with fluazinam 

plus lambda-cyhalothrin had lower solution pH than solution with fluazinam (Table 36). 
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All solutions with boscalid, chlorothalonil, chlorothalonil plus tebuconazole, fluazinam, 

pyraclostrobin, or prothioconazole plus tebuconazole combinations produced temporary and 

permanent precipitates at 0, 6, 24, and 72 h sampling times (Tables 37, 38, and 39). 

Temporary precipitates were produced in all solutions containing pyraclostrobin 

combinations across sampling times (Table 37).  Permanent precipitates were produced by 

several combinations of boscalid, chlorothalonil plus tebuconazole, chlorothalonil, 

fluazinam, or prothioconazole plus tebuconazole across sampling times (Tables 37, 38, and 

39).  Combinations of boscalid or fluazinam with 2,4-DB and lambda-cyhalothrin produced 

temporary precipitates at 0, 6, and 24 h sampling times but precipitates changed to permanent 

by 72 h sampling time (Table 39).  Also, combinations of fluazinam with lambda-cyhalothrin 

plus manganese plus with or without 2,4-DB; fluazinam with manganese produced 

permanent precipitates at 72 h sampling interval (Table 39).  

 

Significant interactions were noticed for leaf spot control by chlorothalonil plus tebuconazole 

and pyraclostrobin and solution pH measured at 0, 6, 24, and 72 h sampling times (Table 40).  

No significant correlations between the control of leaf spot by chlorothalonil and 

prothioconazole plus tebuconazole and solution pH determined at four sampling times (0, 6, 

24, and 72 h) were noted (Table 40).  No correlation was observed between Sclerotinia blight 

control by boscalid or fluazinam and solution pH determined over sampling times (Table 40).  
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In the summary, field experiments showed that defoliation caused by the combination of 

early and late leaf spot or disease associated with Sclerotinia blight varied by fungicide 

treatment and in some instances co-applied agrochemicals.  Results of leaf spot disease 

experiments demonstrated that multiple fungicide sprays decreased peanut canopy 

defoliation compared to single fungicide spray.  Co-application of clethodim or 2,4-DB with 

chlorothalonil plus tebuconazole or pyraclostrobin did not affect canopy defoliation than 

chlorothalonil plus tebuconazole or pyraclostrobin.  In a few instances, boron reduced 

efficacy of chlorothalonil plus tebuconazole and pyraclostrobin.  Combinations of 

chlorothalonil plus tebuconazole or pyraclostrobin with herbicides plus micronutrients did 

not affect canopy defoliation compared to chlorothalonil plus tebuconazole or pyraclostrobin 

alone.  In 2009 with one fungicide spray, no difference in canopy defoliation was noted for  

different agrochemicals combinations.  But in program with three fungicide sprays, 

chlorothalonil or prothioconazole plus tebuconazole combinations with herbicides did not 

affect canopy defoliation than chlorothalonil or prothioconazole plus tebuconazole alone.  In 

a few instances with three fungicide sprays program, chlorothalonil co-application with 

manganese increased canopy defoliation than chlorothalonil.  Peanut injury was observed 

with certain fungicide combinations such as chlorothalonil with clethodim plus crop oil 

concentrate, chlorothalonil or prothioconazole plus tebuconazole with lambda-cyhalothrin 

plus clethodim plus manganese, and chlorothalonil or prothioconazole plus tebuconazole 

with lambda-cyhalothrin plus clethodim. 
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For Sclerotinia blight control, combinations of fungicides with lambda-cyhalothrin and 2,4-

DB increased disease control compared to fungicides alone.  Boscalid or fluazinam 

combinations did not cause peanut injury. 

 

Physiochemical compatibility results showed that chlorothalonil plus tebuconazole changed 

the carrier pH to alkaline.  In contrast, pyraclostrobin alone changed carrier pH from slightly 

acidic to acidic.  Additions of clethodim plus crop oil concentrate to solutions with 

chlorothalonil plus tebuconazole or pyraclostrobin reduced the pH.  Inclusion of boron and 

2,4-DB to solutions with chlorothalonil plus tebuconazole or pyraclostrobin increased 

solution pH.  However, 2,4-DB addition to solutions containing chlorothalonil or 

prothioconazole plus tebuconazole changed solution pH to near neutral.  Addition of 

manganese decreased the fungicides solution pH to highly acidic.  Lambda-cyhalothrin has 

the least effect on pH of solutions containing chlorothalonil or prothioconazole plus 

tebuconazole combinations.  Addition of lambda-cyhalothrin to solution with boscalid or 

fluazinam raised solution pH slightly compared with boscalid or fluazinam without lambda-

cyhalothrin.  A wide range of solution pH (3.0- 8.5) was observed at four sampling times 

when boscalid, chlorothalonil, chlorothalonil plus tebuconazole, fluazinam, pyraclostrobin, 

or prothioconazole plus tebuconazole were mixed with different levels of herbicides, 

insecticides, and micronutrients.  A slight increase in solution pH was noticed as the 

sampling interval increased. 
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Results of physiochemical compatibility demonstrated that precipitates were produced in all 

solutions containing boscalid, chlorothalonil, chlorothalonil plus tebuconazole, fluazinam, 

pyraclostrobin, or prothioconazole plus tebuconazole combinations across sampling times.  

Permanent precipitates were produced by several combinations of boscalid, chlorothalonil 

plus tebuconazole, chlorothalonil, fluazinam, and prothioconazole plus tebuconazole across 

sampling times.  Results of this study showed the physiochemical incompatibility of several 

fungicide combinations used for the control of leaf spot and Sclerotinia blight. 

 

No significant correlations between leaf spot control by chlorothalonil or prothioconazole 

plus tebuconazole or Sclerotinia blight control by boscalid or fluazinam with solution pH 

determined were noted.  However, significant interactions were noted for leaf spot control by 

chlorothalonil plus tebuconazole or pyraclostrobin and solution pH measured across 

sampling times. 
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Source of Materials 

1
Bravo Weather Stik

®
, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

  27419. 
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2
Folicur® 3.6 F Foliar Fungicide, Bayer Cropscience LP, P.O. Box 12014, Alexander Drive,  

  Research Triangle Park, NC 27709. 
 

3
Headline fungicide, BASF Corporation, Research Triangle Park, NC 27709. 

 

4
Select MAX Herbicide. Valent U.S.A. Corporation. P.O. Box 8025 Walnut Creek, CA. 

 
5
Butyrac 200 Herbicide

®
, Albaugh Inc., Ankeny, IA 50021. 

 
6
Karate Z insecticide, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

   27419. 

 
7
Nutrisol

 
10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
8
Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
9
Agri-Dex

®
 nonionic spray adjuvant, Helena Chemical Company, Collierville, TN 38137. 

  
10

Provost 433SC fungicide, Bayer Cropscience LP, P.O. Box 12014, Alexander Drive,  

  Research Triangle Park, NC 27709. 

 
11

TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

   IL 60189. 

 
12

Endura; BASF Corporation, Research Triangle Park, NC 27709. 

 
13

Omega 500F; Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

  27419. 

 
14

Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ   

   07410. 

 
15

Vortex Genie 2
TM

, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
16

Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
17

Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

   NC 27513. 
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Table 1. Application rates of fungicides, herbicides, insecticide, micronutrients, and adjuvant applied  

 in leaf spot and Sclerotinia blight experiments. 

 
  Agrochemicals   Trade name  Classification Rate 

  Pyraclostrobin   Headline  Fungicide 0.17 kg ai/ha 

  Chlorothalonil  

  Tebuconazole  

 Bravo Weather Stik 

 Folicur 

 Fungicide 

 Fungicide 

0.84 kg ai/ha 

0.16 or 0.22 kg ai/ha 

  Chlorothalonil   Bravo Weather Stik   Fungicide  1.26 kg ai/ha 

  Prothioconazole     Provost   Fungicide  0.084 kg ai/ha  

  Fluazinam   Omega500   Fungicide  0.73 kg ai/ha  

  Boscalid   Endura   Fungide  0.44 kg ai/ha 

  2,4-DB   Butyrac 200  Herbicide 0.28 kg ai/ha 

  Clethodim   Select MAX  Herbicide 0.20 kg ai/ha 

  Lambda-cyhalothrin   Karate Z   Insecticide 0.017 kg ai/ha 

  Boron   Nutrisol 10% B   Micronutrient 2.34 L/ha 

  Manganese   Nutrisol 8% Mn  Micronutrient 2.34 L/ha 

  Crop oil concentrate   Agri-Dex   Adjuvant 1.0% (v/v) 
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Table 2. P > F for main effects and interactions in mid June when chlorothalonil,  

chlorothalonil plus tebuconazole, pyraclostrobin, and prothioconazole plus tebuconazole  

were applied alone or in combination with herbicides, insecticides, and micronutrients for 

 the canopy defoliation in 2008 and 2009. 

 
Source 2008 2009 

 ___________________p value__________________ 

Experiment (Exp) <.0001 0.0314 

Fungicide(Fung)*Program (Prog) <.0001 <.0825 

Exp*Prog 0.0332 0.5378 

Fung <.0001 0.0317 

Micronutrient (Micro) 0.0007 0.5593 

Insecticide (Ins) 0.3213 0.6429 

Herbicide (Herb) 0.0019 0.4678 

Fung*Micro 0.3160 0.8853 

Fung*Ins 0.7263 0.5895 

Fung*Herb 0.3788 0.3916 

Micro*Ins 0.2774 0.7453 

Micro*Herb 0.1677 0.3073 

Ins*Herb 0.5596 0.6706 

Fung*Micro*Ins 0.2538 0.7069 

Fung*Micro*Herb 0.6150 0.1903 

Micro*Ins*Herb 0.6123 0.8880 

Fung*Ins*Herb 0.9568 0.5148 

Fung*Micro*Ins*Herb 0.2916 0.5549 

Prog*Fung*Micro 0.7033 0.7164 

Prog*Fung*Ins 0.3755 0.4403 

Prog*Fung*Herb 0.9537 0.5815 
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Table 2 continued   

Prog*Micro*Ins 0.5944 0.4076 

Prog*Micro*Herb 0.9482 0.2900 

Prog*Ins*Herb 0.8032 0.1819 

Prog*Fung*Micro*Ins 0.8722 0.8614 

Prog*Fung*Micro*Herb 0.9523 0.9531 

Prog*Micro*Ins*Herb 0.8642 0.4405 

Prog*Fung*Ins*Herb 0.6693 0.9323 

Prog*Fung*Micro*Ins*Herb 0.9561 0.8613 

Exp*Fung 0.0038 0.2048 

Exp*Micro 0.0001 0.7587 

Exp*Ins 0.1436 0.8323 

Exp*Herb 0.7292 0.1393 

Exp*Fung*Micro 0.0536 0.1722 

Exp*Fung*Ins 0.1038 0.3784 

Exp*Fung*Herb 0.7955 0.9878 

Exp*Micro*Ins 0.6814 0.2492 

Exp*Micro*Herb 0.0035 0.9266 

Exp*Ins*Herb 0.4862 0.1856 

Exp*Fung*Micro*Ins 0.0998 0.8003 

Exp*Fung*Micro*Herb 0.0839 0.4863 

Exp*Micro*Ins*Herb 0.3771 0.5401 

Exp*Fung*Ins*Herb 0.5068 0.7677 

Exp*Fung*Micro*Ins*Herb 0.6451 0.8867 

Exp*Prog*Fung*Micro 0.6445 0.2018 

Exp*Prog*Fung*Ins 0.7010 0.2658 
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Table 2 continued   

Exp*Prog*Fung*Herb 0.9962 0.5443 

Exp*Prog*Micro*Ins 0.7093 0.7831 

Exp*Prog*Micro*Herb 0.7622 0.2034 

Exp*Prog*Ins*Herb 0.7942 0.6712 

Exp*Prog*Fung*Micro*Ins 0.6175 0.5162 

Exp*Prog*Fung*Micro*Herb 0.3943 0.0548 

Exp*Prog*Micro*Ins*Herb 0.6233 0.9315 

Exp*Prog*Fung*Ins*Herb 0.6233 0.6550 

Exp*Prog*Fung*Micro*Ins*Herb 0.4846 0.5011 

Coefficient of variation (%) 83.9 6.7 
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Table 3. Peanut defoliation in early October as influenced by fungicide program at Rocky Mount in 2008.a 

 

 

Fungicide program 

Fungicide 

Pyraclostrobin Chlorothalonil plus tebuconazole 

 ______________________________%_______________________________ 

One spray 23 a 10 b 

Three sprays 6 a 2 b 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test  

at p ≤ 0.05.  Data are pooled over herbicides, insecticides, micronutrients, and experiments. 
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Table 4. Peanut defoliation in early October when chlorothalonil plus tebuconazole and pyraclostrobin were 

applied alone or in combination with micronutrients at Rocky Mount in 2008.a 

 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over program, herbicides, and insecticides. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fungicide 

 Field 1  Field 2 

 Micronutrient  Micronutrient 

 None Boron Manganese  None Boron Manganese 

  _____________________________________________%_______________________________________________ 

Pyraclostrobin  25 a 22 a 15 b  5 b 10 a 11 a 

Chlorothalonil plus 

tebuconazole 

 8 c 13 b 5 c  3 b 5 b 3 b 
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Table 5. Peanut defoliation in early October when chlorothalonil plus tebuconazole and pyraclostrobin were 

applied alone or in combination with herbicides at Rocky Mount in 2008.a 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over program, fungicides, and insecticides. 

 
bClethodim applied with crop oil concentrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Micronutrient 

 Field 1  Field 2 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  _____________________________________________%_______________________________________________ 

None   23 a 13 cd 13 cd  4 bc 3 c 5 abc 

Boron  15 bc 19 ab 18 abc  10 a 6 abc 5 abc 

Manganese  14 bcd 9 de 6 e  9 ab 5 abc 7 abc 
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Table 6. Peanut defoliation in early October as influenced by single or multiple applications when chlorothalonil and prothioconazole plus 

tebuconazole were applied in combination with herbicides and micronutrients at Lewiston-Woodville in 2009.a 

 

 

 

Micronutrient 

 

 

Fungicideb 

 

 

Herbicide 

Field 1  Field 2 

Fungicide programc  Fungicide program 

One spray Three sprays  One spray Three sprays 

   __________________________________%________________________________ 

None Prothioconazole plus tebuconazole None 100 a 31 bc  100 a 38 ab 

None Prothioconazole plus tebuconazole 2,4-DB 100 a 34 abc  100 a 35 bcd 

None Prothioconazole plus tebuconazole Clethodimd 95 a 33 abc  100 a 30 d 

None Chlorothalonil  None 100 a 37 a  100 a 34 bcd 

None Chlorothalonil  2,4-DB 100 a 35 ab  100 a 34 bcd 

None Chlorothalonil  Clethodim 100 a 36 ab  100 a 32 cd 

Boron Prothioconazole plus tebuconazole None 100 a 29 c  100 a 38 ab 

Boron Prothioconazole plus tebuconazole 2,4-DB 100 a 33 abc  100 a 34 bcd 

Boron Prothioconazole plus tebuconazole Clethodim 100 a 33 abc  100 a 38 ab 

Boron Chlorothalonil  None 100 a 34 abc  100 a 36 bc 

Boron Chlorothalonil  2,4-DB 100 a 35 ab  100 a 35 bcd 

Boron Chlorothalonil  Clethodim 100 a 36 ab  100 a 38 ab 
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aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. 

Data are pooled over insecticides. 

 
bFungicides applied in the one spray program included co-applied agrochemicals. 

 
cFungicides applied in the one spray program included co-applied agrochemicals. Fungicides in the three-spray program included combinations 

 of fungicides and co-applied agrochemicals in the first spray and pyraclostrobin and chlorothalonil in the second and third sprays, respectively. 

 
dClethodim applied with crop oil concentrate. 

Table 6 continued       

Manganese Prothioconazole plus tebuconazole None 97 a 34 abc  100 a 32 cd 

Manganese Prothioconazole plus tebuconazole 2,4-DB 100 a 33 abc  100 a 34 bcd 

Manganese Prothioconazole plus tebuconazole Clethodim 100 a 33 abc  100 a 34 bcd 

Manganese Chlorothalonil  None 100 a 34 abc  100 a 43 a 

Manganese Chlorothalonil  2,4-DB 100 a 36 ab   100 a 31 cd 

Manganese Chlorothalonil  Clethodim 100 a 29 c  100 a 35 bcd 



199 

 

 

Table 7. P > F for main effects and interactions for peanut injury 7 d after the  

application when chlorothalonil and prothioconazole plus tebuconazole were  

applied alone or in combination with herbicides, insecticides, and micronutrients  

for the control of leaf spot at Lewiston-Woodville in 2009. 

 

Source Peanut Injury 

 p value 

Experiment (Exp) 0.0575 

Fungicide (Fung) 0.0360 

Micronutrient (Micro) <.0001 

Insecticide (Ins) 0.0318 

Herbicide (Herb) <.0001 

Fung*Micro 0.0802 

Fung*Ins 0.9200 

Fung* Herb 0.0002 

Ins*Micro 0.0908 

Micro*Herb <.0001 

Ins* Herb 0.2799 

Fung*Ins*Micro 0.8255 

Fung*Micro*Herb 0.1246 

Ins*Micro*Herb 0.3331 

Fung*Ins*Herb 0.2115 

Fung*Ins*Micro*Herb 0.1068 

Exp*Fung 0.5143 

Exp*Micro 0.3472 

Exp*Ins 0.6881 

Exp*Herb 0.2597 

Exp*Fung*Micro 0.1644 

Exp*Fung*Ins 0.7254 
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Table 7 continued  

Exp*Fung*Herb 0.1166 

Exp*Ins*Micro 0.0194 

Exp*Micro*Herb 0.4236 

Exp*Ins*Herb 0.0987 

Exp*Fung*Ins*Micro 0.3344 

Exp*Fung*Micro*Herb 0.6272 

Exp*Ins*Micro*Herb 0.0533 

Exp*Fung*Ins*Herb 0.4149 

Exp*Fung*Ins*Micro*Herb 0.4449 

Coefficient of variation (%) 265.8 
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Table 8. Peanut injury observed 7 d after the application when chlorothalonil and prothioconazole plus 

 tebuconazole were applied alone or in combination with herbicides at Lewiston-Woodville in 2009.a 

 

 

Herbicide 

 Fungicide  

Chlorothalonil Prothioconazole plus tebuconazole 

 __________________________________%______________________________ 

None 0 c 0 c 

2,4-DB 1 b 0 c 

Clethodimb 1 b 3 a 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over insecticides, micronutrients, and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 9. Peanut injury observed 7 d after the application when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with herbicides, insecticides, and micronutrients at 

Lewiston-Woodville in 2009.a 

 

 

 

Micronutrient 

 

 

Herbicide 

Field 1  Field 2 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________________%______________________________________________ 

None None 0 c 0 c  0 d 0 d 

None 2,4-DB 0 c 0 c  0 d 3 b 

None Clethodimb 0 c 2 b  0 d 4 bc 

Boron None 0 c 0 c  0 d 0 d 

Boron 2,4-DB 0 c 1 bc   0 d 0 d 

Boron Clethodim 0 c 0 c  1 d 0 d 

Manganese None 0 c 0 c  0 d 1 d 

Manganese 2,4-DB 0 c 0 c  0 d 0 d 

Manganese Clethodim 2 b 6 a  8 a 5 b 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over fungicides. 

 
bClethodim applied with crop oil concentrate. 
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Table 10. P > F for main effects and interactions in August when boscalid  

or fluazinam were applied alone or in combination with herbicides, insecticides, 

and micronutrients for the control of Sclerotinia blight. 

 

Source Sclerotinia blight 

 p value 

Experiment (Exp) <.0001 

Fungicide (Fung) 0.0048 

Micronutrient (Micro) 0.0715 

Insecticide (Ins) 0.4030 

Herbicide (Herb) 0.5078 

Fung*Micro 0.2980 

Fung*Ins 0.4379 

Fung* Herb 0.0662 

Ins*Micro 0.0008 

Micro*Herb 0.9316 

Ins* Herb 0.9052 

Fung*Ins*Micro 0.2979 

Fung*Micro*Herb 0.6519 

Ins*Micro*Herb 0.4247 

Fung*Ins*Herb 0.2831 

Fung*Ins*Micro*Herb 0.7909 

Exp*Fung <.0001 

Exp*Micro 0.1990 

Exp*Ins 0.0300 

Exp*Herb 0.5314 

Exp*Fung*Micro 0.4798 

Exp*Fung*Ins 0.0199 
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Table 10 continued  

Exp*Fung*Herb 0.0800 

Exp*Ins*Micro 0.0015 

Exp*Micro*Herb 0.8767 

Exp*Ins*Herb 0.0483 

Exp*Fung*Ins*Micro 0.5584 

Exp*Fung*Micro*Herb 0.2154 

Exp*Ins*Micro*Herb 0.6556 

Exp*Fung*Ins*Herb 0.7815 

Exp*Fung*Ins*Micro*Herb 0.8492 

Coefficient of variation (%) 32.6 

 
 

 

 

 

 

 

 

 

 

 

 

 

  



205 

 

 

Table 11. Sclerotinia blight control in August when boscalid and fluazinam were applied alone or in  

combination with insecticides in peanut at Lewiston-Woodville in 2009.a 

 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s  

Protected LSD test at p ≤ 0.05. Data are pooled over herbicides and micronutrients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fungicide 

Field 1  Field 2 

Insecticide  Insecticide 

None Lambda-cyhalothrin None Lambda-cyhalothrin 

 ________________________________________%_______________________________________ 

Boscalid 19 c 20 bc  36 a 35 a 

Fluazinam 32 a 24 b  32 a 36 a 
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Table 12. Sclerotinia blight control in August when boscalid and fluazinam were applied alone or in  

combination with insecticides and herbicides in peanut at Lewiston-Woodville in 2009.a 

 

 
aMeans within field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over fungicides and micronutrients. 

 
bClethodim applied with crop oil concentrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Herbicide 

Field 1  Field 2 

Insecticide  Insecticide 

None  Lambda-cyhalothrin None  Lambda-cyhalothrin 

 ____________________________________________%__________________________________________ 

None 28 a 23 ab  32 b 33 ab 

2,4-DB 26 a 19 b  31 b 38 a 

Clethodimb  23 ab 23 ab  38 a 36 ab 
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Table 13. Sclerotinia blight control in August when boscalid and fluazinam were applied alone or in 

combination with insecticides and micronutrients in peanut at Lewiston-Woodville in 2009.a 

 

 
aMeans within field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over fungicides and herbicides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Micronutrient 

Field 1  Field 2 

Insecticide  Insecticide 

None Lambda-cyhalothrin None Lambda-cyhalothrin 

 ________________________________________%________________________________________ 

None 30 a 23 bc  35 a 36 a 

Boron 18 cd 27 ab  32 a 35 a 

Manganese 28 ab 16 d  34 a 35 a 
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Table 14. P > F for main effects and interactions of solution pH determined at different sampling times when 

boscalid, chlorothalonil plus tebuconazole, chlorothalonil, fluazinam, prothioconazole plus tebuconazole, or 

pyraclostrobin were applied alone or in combination with herbicides, insecticides, and micronutrients. 

 

Source Leaf spot, 2008 Leaf spot, 2009 Sclerotinia blight, 2009 

 _________________________________p value_____________________________ 

Time <.0001 <.0001 <.0001 

Fungicide (Fung) <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 0.7674 <.0001 

Insecticide (Ins) 0.0090 <.0001 <.0001 

Herbicide (Herb) <.0001 0.0726 <.0001 

Fung*Micro <.0001 <.0001 <.0001 

Fung*Ins 0.0134 <.0001 <.0001 

Fung*Herb <.0001 <.0001 <.0001 

Micro*Ins 0.0667 <.0001 <.0001 

Micro*Herb <.0001 0.0194 <.0001 

Ins*Herb <.0001 <.0001 <.0001 

Fung*Micro*Ins 0.0001 <.0001 <.0001 

Fung*Micro*Herb <.0001 0.1658 <.0001 

Micro*Ins*Herb <.0001 <.0001 <.0001 

Fung*Ins*Herb 0.0028 <.0001 <.0001 

Fung*Micro*Ins*Herb <.0001 <.0001 <.0001 

Fung*Time <.0001 <.0001 <.0001 

Micro*Time <.0001 <.0001 <.0001 

Ins*Time 0.4098 <.0001 <.0001 

Herb*Time <.0001 <.0001 <.0001 

Fung*Micro*Time <.0001 <.0001 <.0001 

Fung*Ins*Time <.0001 <.0001 <.0001 
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Table 14 continued    

Fung*Herb*Time <.0001 <.0001 0.0138 

Micro*Ins*Time 0.1717 <.0001 <.0001 

Micro*Herb*Time <.0001 <.0001 0.1087 

Ins*Herb*Time <.0001 <.0001 <.0001 

Fung*Micro*Ins*Time <.0001 <.0001 <.0001 

Fung*Micro*Herb*Time <.0001 <.0001 0.0017 

Micro*Ins*Herb*Time <.0001 <.0001 <.0001 

Fung*Ins*Herb*Time <.0001 <.0001 <.0001 

Fung*Micro*Ins*Herb*Time <.0001 <.0001 <.0001 

Coefficient of variation (%) 0.5 0.6 0.4 
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Table 15. P > F for main effects and interactions of solution pH determined at different time intervals  

when chlorothalonil plus tebuconazole or pyraclostrobin were applied alone or in combination with 

herbicides, insecticides, and micronutrients. 

 

 

Source 

Hours after mixing 

0  6  24  72  

 ______________________________p value___________________________ 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) 0.9657 0.1304 0.2222 0.0004 

Herbicide (Herb) <.0001 <.0001 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins <.0001 0.0298 0.6213 <.0001 

Fung*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro 0.5137 0.5855 0.2231 <.0001 

Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Herb 0.0033 0.0233 0.0235 <.0001 

Fung*Ins*Micro <.0001 0.0055 0.2132 <.0001 

Fung*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro*Herb 0.0005 0.0281 0.0218 <.0001 

Fung*Ins*Herb 0.0044 0.0010 0.3135 <.0001 

Fung*Ins*Micro*Herb 0.0002 <.0001 0.2793 <.0001 

Coefficient of variation (%) 0.6 0.6 0.6 0.3 
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Table 16. P > F for main effects and interactions of solution pH determined at different time intervals  

when chlorothalonil or prothioconazole plus tebuconazole were applied alone or in combination with 

herbicides, insecticides, and micronutrients. 

 

Source Hours after mixing 

 0  6  24  72  

 ______________________________p value___________________________ 

Fungicide (Fung) <.0001 0.9226 0.0437 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) <.0001 <.0001 <.0001 <.0001 

Herbicide (Herb) <.0001 <.0001 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins <.0001 0.2450 0.0614 <.0001 

Fung*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro <.0001 <.0001 <.0001 <.0001 

Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Herb <.0001 0.0023 0.0024 <.0001 

Fung*Ins*Micro <.0001 0.8925 0.8522 <.0001 

Fung*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Fung*Ins*Herb <.0001 0.7370 0.0037 0.1370 

Fung*Ins*Micro*Herb <.0001 0.5665 0.5256 0.0101 

Coefficient of variation (%) 0.1 0.3 0.4 1.0 
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Table 17. P > F for main effects and interactions of solution pH determined at different time intervals  

when boscalid or fluazinam were applied alone or in combination with herbicides, insecticides, and 

micronutrients. 

 

Source Hours after mixing 

 0  6  24  72  

 ______________________________p value___________________________ 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins) <.0001 <.0001 0.0113 0.2338 

Herbicide (Herb) <.0001 <.0001 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Fung*Ins 1.000 0.3005 0.0806 <.0001 

Fung*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro <.0001 <.0001 0.0606 <.0001 

Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Herb 0.0115 0.0004 0.0212 <.0001 

Fung*Ins*Micro 0.7647 0.4420 0.2176 <.0001 

Fung*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Micro*Herb <.0001 <.0001 0.0267 <.0001 

Fung*Ins*Herb 0.1573 0.1068 0.1394 <.0001 

Fung*Ins*Micro*Herb 0.1540 0.3116 0.1011 <.0001 

Coefficient of variation (%) 0.3 0.3 0.6 0.2 
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Table 18.Solution pH determined at the time of mixing when chlorothalonil plus tebuconazole and 

pyraclostrobin were applied alone or in combination with herbicides, micronutrients, and insecticides.a 

 
 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Pyraclostrobin  Chlorothalonil plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  _________________________________________pH________________________________________________ 

None None 5.75 h 5.82 g   7.94 e 7.69 f  

None 2,4-DB 8.12 d 8.11 d  8.08 d 8.08 d 

None Clethodimb 4.53 k 4.67 j  5.51 i 5.50 i 

Boron None 9.39 bc 9.40 bc  9.42 abc 9.42 abc 

Boron 2,4-DB 9.43 ab 9.45 a  9.43 ab 9.43 ab 

Boron Clethodim 9.38 c 9.39 bc  9.39 bc 9.39 bc 

Manganese None 4.14 m 2.59 o  2.70 n 2.70 n 

Manganese 2,4-DB 4.14 m 4.14 m  4.26 l 4.27 l 

Manganese Clethodim 2.58 o 2.59 o  2.71 n 2.71 n 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over two experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 19. Solution pH determined 6 h after the time of mixing when chlorothalonil plus tebuconazole and 

pyraclostrobin were applied alone or in combination with herbicides, micronutrients, and insecticides.a 

 
 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Pyraclostrobin  Chlorothalonil plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ________________________________________pH______________________________________________ 

None None 6.24 h 6.36 g  7.77 e 7.59 f 

None 2,4-DB 8.24 c 8.24 c  8.08 d 8.08 d 

None Clethodimb 4.94 l 5.02 k  5.52 j 5.62 i 

Boron None 9.47 ab 9.47 ab  9.47 ab 9.47 ab 

Boron 2,4-DB 9.48 a 9.48 a  9.48 a 9.48 a 

Boron Clethodim 9.43 b 9.44 ab  9.43 b 9.43 b 

Manganese None 2.75 q 2.75 q  2.81 o 2.81 o 

Manganese 2,4-DB 4.30 n 4.30 n  4.35 m 4.37 m 

Manganese Clethodim 2.76 pq 2.78 opq  2.80 op 2.82 o 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over two experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 20. Solution pH determined 24 h after the time of mixing chlorothalonil plus tebuconazole and 

pyraclostrobin were applied alone or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Pyraclostrobin  Chlorothalonil plus tebuconazole 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  ________________________________________________pH____________________________________________ 

None  6.41 g 8.23 d 5.04 i  7.57 f 8.08 e 5.60 h 

Boron  9.50 ab 9.51 ab 9.46 c  9.51 ab 9.52 a 9.48 bc 

Manganese  2.81 m 4.35 k 2.81 m  2.87 l 4.43 j 2.88 l 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 21. Solution pH determined 24 h after the time of mixing when chlorothalonil plus tebuconazole and 

pyraclostrobin were applied alone or in combination with insecticides, micronutrients, and herbicides.a 

 
 

 

 

Micronutrient 

 Insecticide 

 None   Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  ________________________________________________pH____________________________________________ 

None  7.00 d 8.16 c 5.28 f  6.98 d 8.15 c 5.37 e 

Boron  9.51 a 9.52 a 9.47 b  9.50 ab 9.51 a 9.47 b 

Manganese  2.84 h 4.39 g 2.84 h  2.84 h 4.38 g 2.85 h 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 22. Solution pH determined 72 h after the time of mixing when chlorothalonil plus tebuconazole and 

pyraclostrobin were applied alone or in combination with herbicides, micronutrients, and insecticides.a 

 
 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Pyraclostrobin  Chlorothalonil plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  _________________________________________pH____________________________________________ 

None None 6.40 i 6.44 h  7.21 g 7.45 f 

None 2,4-DB 8.11 c 8.10 c  8.02 d 7.91 e 

None Clethodimb 4.71 l 4.67 m  5.52 k 5.63 j 

Boron None 9.56 a 9.56 a  9.56 a 9.56 a 

Boron 2,4-DB 9.57 a 9.56 a  9.57 a 9.57 a 

Boron Clethodim 9.52 b 9.52 b  9.53 b 9.52 b 

Manganese None 2.68 q 2.69 q  2.74 p 2.74 p 

Manganese 2,4-DB 4.30 o 4.29 o  4.40 n 4.41 n 

Manganese Clethodim 2.69 q 2.70 q  2.74 p 2.76 p 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 23.  Solution pH determined at the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with herbicides, micronutrients, and insecticides.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Chlorothalonil  Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  _________________________________________pH____________________________________________ 

None None 5.63 h 5.68 h  5.92 g 6.34 f 

None 2,4-DB 7.13 d 7.24 c  7.02 e 7.02 e 

None Clethodimb 4.60 l 4.80 j  5.54 i 4.71 k 

Boron None 8.72 ab 8.72 ab  8.67 ab 8.68 ab 

Boron 2,4-DB 8.75 a 8.74 ab  8.74 ab 8.74 ab 

Boron Clethodim 8.68 ab 8.68 ab  8.67 ab 8.66 b 

Manganese None 3.01 n 3.01 n  2.97 n 2.97 n 

Manganese 2,4-DB 4.24 m 4.22 m  4.26 m 4.22 m 

Manganese Clethodim 2.94 no 2.93 no  2.87 o 2.87 o 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 24. Solution pH determined 6 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Chlorothalonil  Prothioconazole plus tebuconazole  

 Herbicide Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  ______________________________________________pH____________________________________________ 

None  5.66 h 7.22 e 4.68 i  5.98 g 7.09 f 4.62 j 

Boron  8.72 c 8.76 a 8.68 d  8.68 d 8.74 b 8.68 d 

Manganese  3.01 l 4.20 k 2.94 n  2.98 m 4.19 k 2.91 o 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 

 

 



220 

 

 

Table 25. Solution pH determined 6 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with insecticides, micronutrients, and herbicides.a 
 
 

 

 

Micronutrient 

 Insecticide 

 None   Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None  2,4-DB Clethodim 

  _______________________________________________pH______________________________________________ 

None  5.75 g 7.13 e 4.58 i  5.88 f 7.19 d 4.72 h 

Boron  8.69 bc 8.75 a 8.68 c  8.70 b 8.75 a 8.68 c 

Manganese  3.00 l 4.20 j 2.96 m  2.99 l 4.18 k 2.89 n 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 26. Solution pH determined 24 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Chlorothalonil  Prothioconazole plus tebuconazole 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  _______________________________________________pH______________________________________________ 

None  5.61 i 7.22 f 4.88 j  5.98 h 7.14 g 4.60 k 

Boron  8.71 c 8.77 a 8.74 b  8.68 e 8.74 b 8.70 d 

Manganese  3.02 m 4.21 l 2.98 n  3.03 m 4.21 l 2.96 o 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 27. Solution pH determined 24 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with insecticides, micronutrients, and herbicides.a 
 
 

 

 

Micronutrient 

 Insecticide 

 None  Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  ________________________________________________pH_____________________________________________ 

None  5.72 h 7.51 e 4.66 j  5.87 g 7.20 f 4.79 i 

Boron  8.69 d 8.75 a 8.71 c  8.70 cd 8.76 a 8.73 b 

Manganese  3.03 m 4.22 k 2.99 n  3.02 m 4.20 l 2.95 n 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 28. Solution pH determined 24 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with insecticides and herbicides.a 
 
 

 

 

Fungicide 

 Insecticide 

 None  Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  ________________________________________________pH____________________________________________ 

Chlorothalonil  5.87 e 6.69 c 5.41 j  5.93 d 6.71 b 5.42 j 

Prothioconazole plus 

tebuconazole 

 5.76 g 6.72 b 5.49 i  5.80 f 6.74 a 5.55 h 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

p ≤ 0.05. Data are pooled over micronutrients and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 29. Solution pH determined 72 h after the time of mixing when chlorothalonil and prothioconazole plus 

tebuconazole were applied alone or in combination with herbicides, micronutrients, and insecticides.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Chlorothalonil   Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ________________________________________pH______________________________________________ 

None None 5.74 g 5.52 h  5.71 g 5.09 i 

None 2,4-DB 7.01 e 7.14 d  6.93 e 6.78 f 

None Clethodimb 4.84 k 4.93 j  4.19 l 4.25 l 

Boron None 8.71 ab 8.72 ab  8.66 b 8.66 b 

Boron 2,4-DB 8.77 a 8.78 a  8.71 ab 8.72 ab 

Boron Clethodim 8.73 ab 8.75 a  8.66 b 8.66 b 

Manganese None 3.02 m 3.01 mn  3.00 mn 2.99 mn 

Manganese 2,4-DB 4.25 l 4.20 l  4.20 l 4.17 l 

Manganese Clethodim 2.96 mno 2.93 no  2.98 mno 2.90 p 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 30. Solution pH determined at the time of mixing when boscalid and fluazinam were applied alone or in  

combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Boscalid  Fluazinam  

 Herbicide  Herbicide 

 None  2,4-DB Clethodimb  None  2,4-DB Clethodim 

  _________________________________________________pH______________________________________________ 

None  4.50 i 6.71 f 4.29 j  6.16 g 7.02 e 4.64 h 

Boron  8.57 cd 8.61 a 8.56 d  8.59 b 8.62 a 8.58 bc 

Manganese  2.81 m 3.98 k 2.79 n  2.80 mn 3.96 l 2.76 o 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 31. Solution pH determined at the time of mixing when boscalid and fluazinam were applied alone or in  

combination with insecticides, micronutrients, and herbicides.a 
 
 

 

 

Micronutrient 

 Insecticide 

 None  Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb   2,4-DB Clethodim 

  _________________________________________________pH______________________________________________ 

None  5.31 f 6.84 d 4.41 h   5.34 e 6.89 c 4.52 g 

Boron  8.58 b 8.61 a 8.57 b  8.58 b 8.62 a 8.57 b 

Manganese  2.81 j 3.97 i 2.78 k  2.80 j 3.98 i 2.77 k 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 32. Solution pH determined 6 h after the time of mixing when boscalid and fluazinam were applied alone 

or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Boscalid  Fluazinam  

 Herbicide  Herbicide 

 None  2,4-DB Clethodimb  None  2,4-DB Clethodim 

  _________________________________________________pH______________________________________________ 

None  4.52 i 6.72 f 4.36 j  6.15 g 7.02 e 4.65 h 

Boron  8.57 d 8.61 b 8.57 d  8.59 c 8.63 a 8.57 d 

Manganese  2.81 m 3.99 k 2.79 n  2.80 mn 3.96 l 2.77 o 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 33.  Solution pH determined 6 h after the time of mixing when boscalid and fluazinam were applied alone  

or in combination with insecticides, micronutrients, and herbicides.a 
 
 

 

 

Micronutrient 

 Insecticide 

 None  Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  _________________________________________________pH______________________________________________ 

None  5.32 g 6.83 e 4.45 i  5.35 f 6.90 d 4.56 h 

Boron  8.58 b 8.62 j 8.56 c  8.58 b 8.62 a 8.58 b 

Manganese  2.81 k 3.97 j 2.79 lm  2.80 kl 3.98 j 2.78 m 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 34. Solution pH determined 24 h after the time of mixing when boscalid and fluazinam were applied 

alone or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 Boscalid  Fluazinam  

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None  2,4-DB Clethodim 

  ________________________________________________pH______________________________________________ 

None  4.57 g 6.73 d 4.39 h  6.13 e 7.00 c 4.67 f 

Boron  8.60 b 8.64 a 8.60 b  8.60 b 8.63 a 8.60 b 

Manganese  2.84 j 4.01 i 2.83 j  2.82 jk 4.00 i 2.80 k 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 35. Solution pH determined 24 h after the time of mixing when boscalid and fluazinam were applied 

alone or in combination with insecticides, micronutrients, and herbicides.a 
 
 

 

 

Micronutrient 

 Insecticide 

 None   Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None 2,4-DB Clethodim 

  _________________________________________________pH______________________________________________ 

None  5.36 f 6.83 e 4.49 j  5.33 g 6.90 d 4.56 h 

Boron  8.60 c 8.63 ab 8.59 c  8.60 c 8.64 a 8.61 be 

Manganese  2.83 l 4.00 k 2.82 l  2.83 l 4.01 k 2.81 l 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 36. Solution pH determined 72 h after the time of mixing when boscalid and fluazinam were applied 

alone or in combination with herbicides, micronutrients, and insecticides.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

Boscalid  Fluazinam 

Insecticide  Insecticide 

None  Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ________________________________________pH_______________________________________ 

None None 4.55 m 4.58 l  6.22 i 5.84 j 

None 2,4-DB 6.69 h 6.73 g  6.88 f 7.01 e 

None Clethodimb 4.29 o 4.42 n  4.65 k 4.55 m 

Boron None 8.60 d 8.61 cd  8.60 d 8.60 d 

Boron 2,4-DB 8.63 ab 8.64 a  8.62 bc 8.64 a 

Boron Clethodim 8.60 d 8.60 d  8.60 d 8.60 d 

Manganese None 2.84 st 2.85 s  2.83 tu 2.83 tu 

Manganese 2,4-DB 4.01 pq 4.02 p  4.00 q 4.00 q 

Manganese Clethodim 2.85 s 2.89 r  2.82 u 2.82 u 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test  

at p ≤ 0.05. Data are pooled over experiments.  

 
bClethodim applied with crop oil concentrate. 
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          Table 37. Presence or absence of precipitates on mixing of chlorothalonil plus tebuconazole and pyraclostrobin with insecticides,  

          micronutrients, and herbicides at four sampling intervals.a 

 

Agrochemicals  

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing 

    0  6  24  72  

 ___________precipitates___________ 

Pyraclostrobin  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None None Y* Y* Y* Y* 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None  None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Boron Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  Boron Y* Y* Y* Y* 

2,4-DB None None Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

None None None Boron Y* Y* Y* Y* 
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Table 37 continued        

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None Manganese Y* Y* Y* Y* 

2,4-DB None None Manganese Y* Y* Y* Y* 

None Lambda-cyhalothrin None Manganese Y* Y* Y* Y* 

None  None None Manganese Y* Y* Y* Y* 

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing 

 0  6  24  72  

 ___________precipitates___________ 

Chlorothalonil plus tebuconazole  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  None Y* Y* Y* Y* 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Boron Y^ Y^ Y^ Y^ 
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Table 37 continued        

2,4-DB Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

2,4-DB None None Boron Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Boron Y^ Y^ Y^ Y^ 

None  None None Boron Y^ Y^ Y^ Y^ 

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  Manganese Y^ Y^ Y^ Y^ 

2,4-DB None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

None None None Manganese Y* Y* Y* Y* 

 
                                        aData are pooled over experiments 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

 „Y‟ means presence of precipitates  

„N‟ means no precipitates were seen   
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                     Table 38. Presence or absence of precipitates on mixing of chlorothalonil and prothioconazole plus tebuconazole with insecticides, 

       micronutrients, and herbicides at four sampling intervals.a 

 

Agrochemicals  

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing 

 0  6  24  72  

 ___________precipitates___________ 

Prothioconazole plus tebuconazole  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate None Y^ Y^ Y^ Y^ 

2,4-DB Lambda-cyhalothrin None None Y^ Y^ Y^ Y^ 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y^ Y^ Y^ Y^ 

None  None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

2,4-DB Lambda-cyhalothrin None  Boron Y^ Y^ Y^ Y^ 

2,4-DB None None Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin None Boron Y^ Y^ Y^ Y^ 

None None None Boron Y* Y* Y* Y* 
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Table 38 continued       

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

2,4-DB None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

None  None None Manganese Y* Y* Y* Y* 

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing 

 0  6  24  72  

 ___________precipitates___________ 

Chlorothalonil  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  None Y* Y* Y* Y* 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Boron Y^ Y^ Y^ Y^ 
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Table 38 continued       

2,4-DB Lambda-cyhalothrin None Boron Y^ Y^ Y^ Y^ 

2,4-DB None None Boron Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Boron Y^ Y^ Y^ Y^ 

None  None None Boron Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  Manganese Y^ Y^ Y^ Y^ 

2,4-DB None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

None None None Manganese Y* Y* Y* Y* 

 

aData are pooled over experiments 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

                             „Y‟ means presence of precipitates  

„N‟ means no precipitates were seen  
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             Table 39. Presence or absence of precipitates on mixing of boscalid and fluazinam with insecticides, micronutrients, and herbicides at four  

             sampling intervals.a 

 
Agrochemicals  

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing 

 0  6  24  72  

 _____________precipitates____________ 

Boscalid  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None None Y* Y* Y* Y^ 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None  None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Boron Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  Boron Y* Y* Y* Y* 

2,4-DB None None Boron Y* Y* Y* Y* 

None Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

None None None Boron Y* Y* Y* Y* 
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Table 39 continued        

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

2,4-DB None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y^ Y^ Y^ Y^ 

None  None None Manganese Y^ Y^ Y^ Y^ 

Herbicide Insecticide Adjuvant Micronutrient Hours after mixing  

 0  6  24  72 

 _____________precipitates_____________ 

Fluazinam  

Clethodim Lambda-cyhalothrin Crop oil concentrate None Y* Y* Y* Y* 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  None Y* Y* Y* Y^ 

2,4-DB None None None Y* Y* Y* Y* 

None Lambda-cyhalothrin None None Y* Y* Y* Y* 

None None None None Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Boron Y^ Y^ Y^ Y^ 

Clethodim None Crop oil concentrate Boron Y* Y* Y* Y* 
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Table 39 continued        

2,4-DB Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

2,4-DB None None Boron Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Boron Y* Y* Y* Y* 

None  None None Boron Y* Y* Y* Y* 

Clethodim Lambda-cyhalothrin Crop oil concentrate Manganese Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Lambda-cyhalothrin None  Manganese Y* Y* Y* Y^ 

2,4-DB None None Manganese Y^ Y^ Y^ Y^ 

None Lambda-cyhalothrin None Manganese Y* Y* Y* Y^ 

None None None Manganese Y* Y* Y* Y^ 

 

aData are pooled over experiments 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

                             „Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 40.  F-statistic and Pearson correlation coefficient for visual estimates of percent canopy defoliation or percent disease and solution pH at various 

times after treatment preparation. 

 

 

 

Fungicides 

Hours after treatment preparation 

0   6   24   72  

P > F Coef.a  P > F Coef.  P > F Coef.  P > F Coef. 

            

Chlorothalonil plus tebuconazole or 

Pyraclostrobin 

0.0043 0.46  0.0045 0.46  0.0042 0.46  0.0032 0.47 

 

Chlorothalonil or Prothioconazole plus 

tebuconazole 

0.2070 0.21  0.1775 0.22  0.1692 0.23  0.1312 0.25 

 

Boscalid or Fluazinam 0.8670 -0.03  0.8639 -0.03  0.8599 -0.03  0.8611 -0.03 

 
aAbbreviation, Coef. is Pearson correlation coefficient. 
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  Chapter IV 

Influence of Fungicides, Herbicides, and Micronutrients on Insecticide Efficacy 

Gurinderbir S. Chahal, David L. Jordan, Rick L. Brandenburg, Barbara B. Shew,  

James D. Burton, and David Danehower

 

 

Abstract 

Numerous agrochemicals are applied in peanut production system for pest control.  Field and 

laboratory experiments were conducted in North Carolina to define biological and 

physiochemical interactions when insecticides (acephate, fenpropathrin, and lambda-

cyhalothrin) were applied in combination with other agrochemicals.  Results of field study 

revealed that fenpropathrin or lambda-cyhalothrin combinations with pyraclostrobin plus 

clethodim or 2,4-DB reduced fall armyworm control by these insecticides.  Application of 

chloroacetamide herbicides, paraquat, and paraquat plus bentazon without acephate increased 

peanut damage by tobacco thrips compared with application of these herbicides with 

acephate.  Application of chloroacetamide herbicides with paraquat or paraquat plus 
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bentazon increased peanut injury compared to chloroacetamide herbicides alone.  Bentazon 

reduced peanut injury caused by paraquat irrespective of acephate treatment.  Addition of 

boron, manganese, and 2,4-DB to fenpropathrin and lambda-cyhalothrin combinations 

changed solution pH dramatically.  Acephate alone or with chloroacetamide herbicides 

changed solution pH from slightly acidic to highly acidic compared with carrier pH.  Several 

combinations of acephate, fenpropathrin, or lambda-cyhalothrin formed precipitates.  No 

significant correlations were noted for fall armyworm or thrips control and solution pH.  

 

Nomenclature: acephate; alachlor; bentazon; boron; clethodim; crop oil concentrate; 

dimethenamid-P; fenpropathrin; lambda-cyhalothrin; manganese; paraquat; pyraclostrobin; 

S-metolachlor; 2,4-DB; fall armyworm [Spodoptera frugiperda (J.E. Smith)]; peanut, 

Arachis hypogaea L.; tobacco thrips, Frankliniella fusca Hinds. 

Key words: agrochemicals, combinations, precipitates, solution pH  

Abbreviations: d, days; h, hours 

 

Introduction 

Peanut (Arachis hypogaea L.) is an important crop in Virginia-Carolina production region 

(Brown, 2011).  Several biotic and abiotic stresses occur during the peanut growing season 

and timing of their occurrence generally overlaps.  Peanut growers utilize a wide range of 

agrochemical products to manage these stresses (Gascho and Davis, 1995; Lynch and Mack, 

1995; Sherwood et al., 1995; Wilcut et al., 1995).  Among different agrochemicals used in 

peanuts, agrochemicals with efficacy against insects are often applied in the seed furrow at 

planting to control tobacco thrips and include organophosphate and carbamate families 
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(Drake et al., 2009; Minton et al., 1990; Minton and Morgan, 1974; Riley et al., 1997).  Fall 

armyworm [Spodoptera frugiperda (J.E. Smith)] and corn earworm (Heliothis zea Boddie) 

are the most common lepidoptera insects in peanut (Brandenburg, 2011; Todd et al., 1991).  

The pyrethroid insecticide fenpropathrin is effective against fall army worm.  Beet 

armyworm (Spodoptera exigua Hübner), corn earworm, potato leaf hopper (Empoasca 

fabae), and two-spotted spider mites (Tetranychus urticae Koch) are also controlled or 

suppressed by fenpropathrin.  Chloropyrifos can be applied at pegging, 45 to 70 days after 

peanut emergence, to control southern corn rootworm (Chapin and Thomas, 1993).  

Depending on environmental and edaphic conditions and a range of agronomic and pest 

management practices, application of insecticides in particular may be needed throughout the 

growing season to protect peanut from damage.    

 

Tobacco thrips can affect peanut growth and subsequent yield if at planting systemic 

insecticides or foliar sprays are not used (Brandenburg, 2011; Brandenburg et al., 1998; 

Drake et al., 2009).  Tomato spotted wilt virus (TSWV) is caused by is a tospovirus that 

transmitted to peanut by thrips, Frankliniella spp.  Minimizing damage from tobacco thrips is 

important in optimizing early season peanut growth and maintaining yield (Brandenburg, 

2011).  Acephate can be applied in-furrow or to peanut foliage to control tobacco thrips and 

to reduce TSWV (Brandenburg, 2011).  The influence of herbicides used in peanut such as 

chlorimuron, imazapic, lactofen, and 2,4-DB on the incidence of TSWV has recently studied 

(Dotray et al., 2006; Faircloth and Prostko, 2006; Prostko et al., 2009).  Incidence of TSWV 

can be higher with paraquat plus bentazon plus acifluorfen compared to non-treated peanut 
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but there was no effect of paraquat plus bentazon on TSWV (Shaikh et al., 2003).  Paraquat 

is registered for use within 28 days after peanut emergence to control small annual broadleaf 

weeds and grasses (Wilcut et al., 1995).  It is often applied with other herbicides to improve 

control of emerged weeds and reduce peanut injury (Wilcut et al., 1995).  For instance, 

addition of bentazon to paraquat is a common practice to reduce peanut injury, although it 

can either improve or reduce weed control depending upon the weed and herbicide rate 

(Wehtje et al., 1992b).  Recently, Tubbs et al. (2010) reported that paraquat application with 

bentazon resulted in either equal or better control of TSWV than non-treated peanut.  Blenk 

et al. (1991) reported that paraquat injury did not affect peanut yield.  In another recent 

study, Carely et al. (2009) reported peanut injury when paraquat was applied in combination 

with bentazon, diclosulam, dimethenamid, and S-metolachlor but no difference in peanut 

yield were noted when comparing co-applied herbicides.  Other than paraquat, a standard 

weed management program used by most peanut growers is a preplant incorporated (PPI) 

application of a dinitroaniline or a chloroacetamide herbicide to control grasses and small-

seeded broadleaf weeds followed by a preemergence application to control broadleaf weeds 

and escaped grasses (Ducar et al., 2002).  Peanut damage by tobacco thrips combined with 

peanut injury by herbicides applied at the time of planting or after emergence is an important 

issue.  Therefore, determining the interactions among these variables is important when 

formulating appropriate management strategies for weeds and tobacco thrips in peanut. 

 

Diseases, caused by viruses, bacteria, or fungi, can reduce peanut yield considerably when 

not controlled.  Fungicides are applied routinely to peanut to control foliar diseases including 
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early leaf spot (caused by Cercospora arachidicola Hori), late leaf spot (caused by 

Cercosporidium personatum Berk. & Curtis), and web blotch (caused by Phoma 

arachidicola Marasas, Pauer, and Boerema) (Brenneman et al., 1994; Culbreath et al., 2008; 

Shew and Waliyar, 2005).   Fungicides are also applied to control the soil-borne disease 

southern stem rot (caused by Sclerotium rolfsii Sacc.) and Sclerotinia blight (caused by 

Sclerotinia minor Jagger) (Brenneman et al., 1994; Culbreath et al., 2008; Smith et al., 

1992).  Although variation is noted among geographical regions, years, and environmental 

conditions, during a typical growing season fungicides are applied either singly or in 

combination beginning approximately 45 days after peanut emergence and continuing 

throughout the remainder of the growing season up to several weeks prior to digging and 

vine inversion which can approach 135 or more days (Sherwood et al., 1995; Smith and 

Littrell, 1980).  Fungicide programs to control early and late leaf spot and stem rot often 

include bi-weekly sprays during this period.  Fungicides applied to control these diseases 

provide protection for a period of two weeks under most environmental conditions (Shew 

and Waliyar, 2005). 

 

 The relatively poor competitive ability of peanut and the requirement of digging and in-

version for crop harvest require season-long weed control to optimize yield (Wilcut et al., 

1995).  Monocotyledonous weeds, including annual and perennial grasses and sedges, as well 

dicotyledonous weeds are prevalent in peanut in the United States (Webster, 2009; Wilcut et 

al., 1995).  Comprehensive herbicide programs, in combination with appropriate cultural 

practices, are employed to manage weeds and minimize interference and subsequent yield 
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loss (Wilcut et al., 1987, 1995; Wilcut and Swann, 1990).  Herbicides are often co-applied 

either prior to planting (preplant incorporated in conventional tillage or preplant to emerged 

weeds in reduced tillage), immediately following planting (preemergence), or after peanut 

and weeds have emerged (postemergence) to achieve optimum yield (Burke et al., 2003; 

Clewis et al., 2007; Richburg et al., 1996; Wilcut et al., 1994, 1995; York et al., 2004).  

 

The micronutrients boron and manganese are applied routinely to optimize peanut growth 

and development and in the case of boron to ensure proper kernel development (Gascho and 

Davis, 1995; Harris and Brolman, 1966; Powell et al., 1996).  Because peanut is often grown 

on coarse-textured soils, boron can be deficient due to leaching (Jordan, 2011).  Single and in 

some cases multiple applications of boron-containing foliar solutions are applied 45 to 70 

days after peanut emergence (Gascho and Davis, 1995).  Manganese deficiency occurs 

frequently in peanut because of liming and target soil pH above 6.0.  Correcting a manganese 

deficiency is achieved by foliar applications when visible symptoms become apparent, 

although some growers apply manganese irrespective of plant symptomology (Powell et al., 

1996). 

 

A diversity of pesticide active ingredients is available for peanut (Brandenburg, 2011; 

Jordan, 2011; Shew, 2011).  Currently, 19 herbicide active ingredients, 16 insecticide active 

ingredients, and 20 fungicide active ingredients representing the major modes of action can 

be applied during the peanut growing season.  Three fumigants, two micronutrients, and one 

plant growth regulator can be used in peanut.  A wide range of advertised plant growth 
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stimulants are available.  Presence of biotic and abiotic stresses mentioned previously often 

occurs simultaneously during the peanut growing season, and timing of application for many 

agrochemicals overlap.  Therefore, potential exists for applying herbicides, fungicides, 

insecticides, and foliar micronutrients simultaneously in peanut production systems.  This 

approach is preferable because of convenience, savings in time, reduced application costs, 

and freeing labor for other operations.  Additionally, applying multiple pesticides with 

different modes of action is an important resistance management strategy for pests 

(Brandenburg, 2011; Jordan, 2011; Shew, 2011).  In spite of above mentioned benefits, 

incompatibility can be associated with these mixtures.  Co-applying pesticides can negatively 

influence agrochemical efficacy and increase crop phytotoxicity (Green, 1989; Hatzios and 

Penner, 1985).  Defining interactions of agrochemicals is important when considering 

applying agrochemicals simultaneously (Barrett 1993; Green, 1989; Hatzios and Penner, 

1985; Nash, 1981; Wehtje et al., 1992a).  

 

Incompatibility can occur through physical interactions in the spray tank, while biological 

incompatibility occurs on plant surface or by affecting physiological processes associated 

with absorption, translocation, and metabolism.  Lack of physiochemical compatibility of 

different agrochemicals in the spray tank may lead to the formation of precipitates or 

suspended solids which may adversely affect application equipments such as screens and 

nozzles and consequently affect pest control (Houghton, 1982).  In terms of biological 

incompatibility, the active ingredient of one component is affected by the active ingredient of 

the other (Johanson and Kaldon, 1972).  Various types of interactions can occur on the plant 
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surface or inside the plant when agrochemicals are applied simultaneously.  These 

interactions may occur when absorption, translocation, or metabolism of agrochemicals in 

target pests (Cohen, 1984; Maestri and Currier, 1958; Putnam and Penner, 1974; Smith, 

1983).  However, in some instances, these interactions can increase crop phytotoxicity and 

decrease pest control (Byrd and York, 1988; Franzen et al., 2003; Jordan et al., 2003a; 

Pankey et al., 2004).  Research has been conducted to define interactions of insecticides 

(Corbel et al., 2004; Elhalwagy and Zaki, 2008; Hougard et al., 2003), insecticides and 

herbicides (Brink et al., 2009; Fairchild et al., 1994; Pereira et al., 2005), insecticides and 

fungicides (Kataria et al., 1989; Richardson and Miller, 1960; Untied and Blanke, 2004), and 

insecticides and micronutrients and other fertilizer solutions (Farrar, 1953; Jordan et al., 

2006).  Although interactions in the literature have been defined for some mixtures 

containing three-way mixtures (Lancaster et al., 2008), information concerning interactions 

of four or five-way components is limited. 

 

 Defining interactions among agrochemicals is important in assisting growers and their 

advisors as they make decisions on co-application of these products.  Also, concern about 

effects of tobacco thrips damage along with injury from paraquat and other herbicides 

applied to emerge peanut need to be addressed.  Therefore, objectives of this research was to 

define interactions when insecticides are applied alone or in combination with herbicides, 

insecticides, and micronutrients with respect to fall armyworm control and when acephate 

was applied alone or in combination with selected herbicides for the control of tobacco thrips 

and to determine changes in solution characteristics with these insecticide combinations. 
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. 

Material and Methods 

General methodology: Experiments were conducted during 2009 and 2010 at the Peanut 

Belt Research Station near Lewiston-Woodville, in North Carolina.  Soil was a Norfolk 

sandy loam (fine-loamy, kaolinitic, thermic Typic Kandiudults).  Plot size was 0.9 by 3.0 m 

for fall armyworms and tobacco thrips control experiments.  A non-treated peanut row was 

used as buffer between two plots.  The peanut cultivar Philips was used in all experiments 

(Isleib et al., 2006).  Agrochemicals applied at manufacturer‟s suggested use rate (Table 1).  

Treatments were applied in 140 L/ha aqueous solution using CO2-pressurized backpack 

sprayer with flat-fan nozzles
1 
at 275 kPa.  The experimental design was a randomized 

complete block with four replications and the experiment was repeated.   

 

Tobacco thrips control with acephate in three-way combinations: Thrips control was 

evaluated during 2009 and 2010 at Lewiston-Woodville and peanuts were planted in the first 

two weeks of May during both years.  Treatments included two levels of insecticide (none or 

acephate
2
), three levels of contact herbicides (none, paraquat

3
, paraquat plus bentazon

4
), and 

four levels of chloroacetamide herbicides (none, alachlor
5
, dimethenamid-P

6
, or S-

metolachlor
7
).  Non-ionic surfactant

8
 at 0.125% (v/v) was applied with all treatments 

containing paraquat.   Agrochemicals were applied 7 to 10 days after peanut emergence.  No 

insecticide was applied in the seed furrow at planting to promote tobacco thrips feeding in 

peanut.  Visual estimates of tobacco thrips injury from feeding were determined using an 

ordinal scale of 0 to 5 where 0 = no damage, 1 = noticeable feeding but no stunting, 2 
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=noticeable feeding and 25% stunting, 3 = feeding with blackened terminals and 50% 

stunting, 4 = severe feeding and stunting and 75% stunting, and 5 = severe feeding and 

stunting and 90% stunting.  Visual estimates of percent injury relative to symptoms 

associated with paraquat damage were recorded 10 d after treatment.  Visual estimates of 

percent peanut injury were recorded using a scale of 0 to 100% where 0 = no crop injury and 

100 = complete crop injury.  Foliar chlorosis, necrosis, and peanut stunting were considered 

when making the visual estimates. 

 

Fall armyworm control with insecticides in four-way combinations: Fall armyworm 

control was evaluated at two sites each in 2008 and 2009 at Lewiston-Woodville.  

Treatments included the application of fenpropathrin
9
 and lamda-cyhalothrin

10
 alone or in 

combination with two levels of fungicides (none or pyraclostrobin
11

), three levels of 

herbicides (none or clethodim
12

, or 2,4-DB
13

), and three levels of micronutrients (none, 

boron
14

, or manganese
15

).  Crop oil concentrate
16

 was used with clethodim.  Agrochemicals 

were applied in late July or early August when population of fall army worm approached 

economic threshold levels (Brandenburg, 2011).  Peanut were planted in the first two weeks 

of May each year.  Peanut injury by fenpropathrin and lambda-cyhalothrin combinations 

were recorded 7 d after as described previously.  The number of fall armyworm larvae was 

counted for 0.9 m length of peanut row from each plot 5 d after agrochemicals were applied.   

 

Physiochemical compatibility of insecticides with other agrochemicals: Laboratory 

experiments were conducted to compare physiochemical compatibility of the insecticides 
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combinations used in the field experiments for both fall armyworm and tobacco thrips (Table 

1).  In contrast to field experiments where a municipal water source was used, deionized 

water at pH 6.3 was used in the laboratory experiments.  Agrochemicals were mixed in the 

following order: dry flowables (acephate), flowables (lambda-cyhalothrin), emulsifiable 

concentrates (alachlor, clethodim, fenpropathrin, pyraclostrobin, S-metolachlor, and 2,4-DB), 

and soluble liquids (bentazon, boron, crop oil concentrate, dimethenamid-P, paraquat, and 

manganese).  Solutions were prepared in a final volume of 80 mL in sterilized plastic 

specimen cups
17

 of 120 mL capacity ratios reflecting spray volume and agrochemical ratios 

used in the field.  After mixing different agrochemicals, solution was vortexed
18

 immediately 

and checked for precipitates followed by determining pH using a portable pH meter
19

.  

Solutions were allowed to sit for 6 h after mixing, checked for precipitates, vortexed, and re-

checked for precipitates followed by pH determination.   Similarly, mixture was allowed to 

sit for 24 and 72 h after the initial solution preparation using the same procedure.  Presence 

or absence of precipitates were determined visually and described as Yes or No, respectively.  

Any visual depositions on the bottom of the specimen cup or presence of suspended solids in 

the solution were considered as precipitates.  Two types of precipitates, temporary and 

permanent, were noticed when herbicides were mixed with other agrochemicals.  Temporary 

precipitates went back into solution on vortexing while permanent precipitates did not go into 

solution after vortexing.  Experiments were conducted as a completely randomized design 

with two replications and the experiment was repeated.  

 



253 

 

 

Statistical Analysis: Data from field and physiochemical compatibility studies were 

subjected to ANOVA using the PROC GLM procedure of SAS
20

 appropriate for the factorial 

arrangement of treatments using expected mean squares to test fixed and random effects.  

The non-treated controls were not included in the analyses to allow proper analyses of the 

factorial treatment structure in the fall armyworm experiments.  Means of significant main 

effects and interactions were separated using Fisher‟s Protected LSD test at p ≤ 0.05.  F-

statistic and Pearson correlation coefficients between pooled fall armyworm or thrips control 

for each experiment and solution pH determined at four sampling times were constructed 

using the PROC CORR procedure in SAS. 

 

Results and Discussion 

The population of fall armyworm was low enough in 2008 at the time of evaluation to 

prevent valid comparison of insecticide treatments.  However, visual estimates of percent 

injury 7 d after treatment revealed no injury from insecticide treatments (data not shown).  

Although injury was not expected from agrochemicals applied individually, published reports 

on possible increased injury of co-applied agrochemicals is limited or non-existent.  These 

data suggest that combinations of these agrochemicals will not affect peanut response. 

 

Thrips control with acephate in three-way combinations: Damage from tobacco thrips 

feeding was affected by interactions of acephate X chloroacetamide herbicide and 

experiment X acephate (Table 2).  When pooled over contact herbicides and experiments, 

damage from tobacco thrips feeding was no more than 1.3 on a scale of 0 to 5 when acephate 
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was applied irrespective of chloroacetamide herbicides (Table 3).  When pooled over 

chloroacetamide and contact herbicides, peanut damage was higher when acephate was not 

applied compared with acephate (Table 4).  

  

    The interaction of experiment X acephate X contact herbicide X chloroacetamide 

herbicide was significant for peanut injury reflecting herbicide symptomology, therefore, 

data are presented for each year (Table 2).  Interactions of acephate X contact herbicide X 

chloroacetamide herbicide and acephate X contact herbicide were significant for peanut 

injury during 2009 and 2010, respectively (Table 5).  When pooled over experiments, co-

application of alachlor, dimethenamid-P, and S-metolachlor with paraquat or paraquat plus 

bentazon increased injury compared to peanut not treated with paraquat or paraquat plus 

bentazon (Table 6).  Carley et al. (2009) reported that combination of paraquat plus bentazon 

plus S-metolachlor injured peanut more than paraquat plus bentazon plus dimethenamid-P.  

Although separating the influence of tobacco thrips feeding on peanut growth and injury 

from paraquat and other herbicides was difficult, some observations specific to herbicide 

injury are presented in Tables 6 and 7.  No difference in injury was noted when paraquat was 

not applied, irrespective of acephate treatment, when comparing among chloroacetamide 

treatments (Table 6).  In contrast, when only paraquat was applied injury was higher for all 

chloroacetamide treatments as well as paraquat without chloroacetamide herbicides when 

acephate was applied (Table 6).  Jordan et al. (2003b) reported that the chloroacetamide 

herbicides alachlor, dimethenamid-P, metolachor, or S- metolachlor applied with paraquat 

can increase peanut injury.  Less injury when acephate was applied may be related to the 
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ability of peanut to physiologically recover from herbicide effects because stress induced by 

tobacco thrips feeding was much lower when acephate was applied and thrips were 

controlled.  In the absence of acephate, applying bentazon with paraquat reduced injury only 

when paraquat was applied with alachlor (Table 6).  Also, the injury with paraquat plus 

alachlor in absence of acephate was higher than injury with paraquat alone or with other 

chloroacetamide herbicides.  Although the higher injury with alachlor may be the result of a 

physiological response of peanut to alachlor and paraquat, the higher rate of formulated 

product needed to deliver the appropriate rate of active ingredient for weed control also 

delivered higher rates of emulsifiers compared with formulations of S-metolachlor or 

dimethenamid-P which may have increased injury potential.  Including bentazon with 

paraquat did not reduce injury irrespective of chloroacetamide herbicide (Table 6).  The 

interaction of acephate X contact herbicide also demonstrated the value of minimizing 

tobacco thrips damage in order to decrease injury from herbicides.  When pooled over 

chloroacetamide herbicides and experiments, injury was lower when acephate was applied 

with paraquat compared with paraquat alone (Table 7).  Including bentazon with paraquat 

decreased injury compared with paraquat alone in absence of acephate (Table 7).  Previous 

researches reported that addition of bentazon to paraquat reduce peanut injury (Wehtje et al., 

1986, 1992b; Wilcut et al., 1989).   Also, peanut injury was lower when acephate was 

applied with paraquat plus bentazon than paraquat plus bentazon alone (Table 7).  

 

Fall armyworm control with insecticides in four-way combinations: The interaction of 

experiment X fungicide X herbicide was noted for fall armyworm control by fenpropathrin 
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and lambda-cyhalothrin combinations (Table 8).  When pooled over insecticides and 

micronutrients, mixtures of fenpropathrin or lambda-cyhalothrin with pyraclostrobin plus 

herbicides (clethodim or 2,4-DB) or with clethodim alone resulted in higher fall armyworm 

population compared with insecticides alone (Table 9).  When compared to insecticides alone 

(fenpropathrin or lambda-cyhalothrin), in one experiment, co-application of insecticide with 

pyraclostrobin did not affect fall armyworm population compared with insecticides (Table 9).  

However, in the second experiment application of pyraclostrobin with insecticides resulted in 

higher fall armyworm population than insecticides alone (Table 9).  In the second 

experiment, the combination of insecticides and 2,4-DB did not affect fall armyworm 

population compared to insecticides alone.  On the contrary, in one experiment, application 

of insecticides with 2,4-DB increased fall armyworm population compared with insecticides 

alone (Table 9).  Application of insecticide alone resulted in higher control of fall armyworm 

population compared with non-treated peanut (Table 9).  As was noted in 2008, there was no 

increase in peanut injury when fenpropathrin or lambda-cyhalothrin was applied with 

fungicides, herbicides, and micronutrients (data not shown). 

 

Physiochemical compatibility of insecticides with other agrochemicals: The interaction of 

insecticide X fungicide X micronutrient X herbicide X sampling timing of mixtures was 

noted for solution pH of fenpropathrin and lambda-cyhalothrin combinations determined at 

four sampling times, therefore, data are presented for each sampling time (Table 10).  

Interactions of fungicide X micronutrient X herbicide and insecticide X micronutrient X 

herbicide were significant for solution pH measured immediately after solution preparation 
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(Table 11).  Solution pH measured at 6, 24, and 72 h after preparation was affected by an 

interaction of insecticide X fungicide X micronutrient X herbicide (Table 11).  The average 

solution pH of fenpropathrin alone was ranged from 4.26 to 4.33 across sampling times (data 

not presented in tables).  Solution pH for lambda-cyhalothrin alone ranged from 5.53 to 5.73 

(data not presented in tables).  When compared with combinations of herbicides and 

insecticides without micronutrients, including 2,4-DB raised solution pH close to 7.0 (Table 

12).  When solutions were prepared initially, solution pH increased when boron was included 

in the mixture while pH decreased when manganese was included irrespective of 

micronutrient, herbicide, or insecticide treatment (Table 12).  The interaction was caused by 

difference in solution pH when comparing herbicide treatments within each insecticide 

(Table 12).  

 

Regardless of fungicide, addition of 2,4-DB to solutions containing boron increased pH 

slightly compared with solution with boron plus clethodim (Table 13).  Also, slight increase 

in solution pH was noted when pyraclostrobin was added to solutions with herbicides 

compared with solution without pyraclostrobin immediately after solution preparation (Table 

13).  However, addition of pyraclostrobin to solutions containing micronutrients plus 

herbicides did not affect solution pH at 6 h after solution preparation irrespective of 

insecticides (Table 14).  Regardless of other agrochemicals, including manganese lowered 

solution pH to acidic or highly acidic at all sampling times (Tables 12, 13, 14, 15, and 16).  

However, including 2,4-DB to solution with  manganese increased solution pH than solution 

with insecticides plus manganese across sampling time (Tables 12, 13, 14, 15, and 16).  In 
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the absence of micronutrients, addition of pyraclostrobin to fenpropathrin solutions slightly 

increased solution pH than solution with fenpropathrin without pyraclostrobin irrespective of 

herbicides (Tables 12, 14, 15, and 16).  Solution pH of fenpropathrin and lambda-cyhalothrin 

combinations was ranging from 2.88 to 8.60, 2.87 to 8.62, 2.87 to 8.62, and 2.86 to 8.60 at 0, 

6, 24, and 72 h sampling times, respectively (Tables 12, 13, 14, 15, and 16). 

 

Precipitates were formed with all combinations of lambda-cyhalothrin but solutions were 

reestablished after vortexing (Table 17).  Several combinations of fenpropathrin produced 

temporary precipitates at four sampling intervals but these precipitates were temporary and 

were brought back into solution after vortexing (Table 18).  However, fenpropathrin alone, 

fenpropathrin plus 2,4-DB, fenpropathrin plus boron plus 2,4-DB, fenpropathrin plus boron, 

and fenpropathrin plus clethodim plus crop oil concentrate plus manganese did not form 

precipitates across sampling times (Table 18). 

 

The interaction of acephate X contact herbicide X chloroacetamide herbicide X sampling 

time was significant for solution pH determined (Table 19).  When analyzed by sampling 

time, the interaction of acephate X contact herbicide X chloroacetamide herbicide was 

significant at all sampling intervals (Table 20).  The average pH of solution with acephate 

alone was 3.83, 3.76, 3.60, and 3.39 at 0, 6, 24, and 72 h sampling intervals, respectively 

(data not presented in tables).  When compared to carrier pH (6.30), all combinations reduced 

solution pH except combination of alachlor with paraquat plus bentazon at sampling time 0 

and 6 h (Tables 21 and 22).  When compared to no acephate combinations, acephate 
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combinations lowered solution pH irrespective of the chloroacetamide and contact herbicides 

(Tables 21, 22, 23, and 24).  Acephate combinations including chloroacetamide herbicides 

and paraquat lowered solution pH compared to combinations without acephate with 

chloroacetamide herbicides and paraquat (Tables 21, 22, 23, and 24).  Regardless of other 

agrochemicals in the solution, addition of paraquat plus bentazon decreased solution pH 

close to 5.0 at all sampling times (Tables 21, 22, 23, and 24).  When compared to solution 

containing paraquat with or without acephate, including bentazon increased solution pH of 

these combinations across sampling intervals (Tables 21, 22, 23, and 24).  Unlike to solutions 

of fenpropathrin or lambda-cyhalothrin combinations, solutions with or without acephate 

combinations had acidic pH at 0, 6, 24, and 72 h sampling times.  Solutions with acephate 

combinations had pH ranging from 3.34 to 5.57 across sampling times (Tables 21, 22, 23, 

and 24).  Gorsuch and Griffin (1992) reported that the half life of acephate is 29, 30, 17, and 

3 days at pH 3.0, 5.0, 7.0, and 9.0, respectively.  

 

In most of instances, solution with or without acephate combinations formed temporary 

precipitates at 0, 6, 24, and 72 h sampling times (Table 25).  Combinations of acephate with 

dimethenamid-P formed temporary precipitates, however, in the absence of acephate this 

combination did not produce any precipitates across sampling intervals (Table 25).  Solutions 

containing alachlor with acephate formed permanent precipitates across sampling times but 

the addition of paraquat or paraquat plus bentazon to these combinations changed the 

permanent precipitates to temporary precipitates (Table 25). 
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Correlations for fall armyworm control, pooled over experiments in 2009 by fenpropathrin 

and lambda-cyhalothrin and solution pH across sampling times were not significant (Table 

26).  No significant correlations for visual injusy by paraquat or tobacco thrips control and 

solution pH determined across sampling times were noted (Table 26). 

 

Collectively, results in the field demonstrated that co-application of fenpropathrin or lambda-

cyhalothrin either with pyraclostrobin plus herbicides (clethodim or 2,4-DB) did affect fall 

armyworm control by these insecticides.  Application of contact and chloroacetamide 

herbicides without acephate increased peanut damage by tobacco thrips compared with 

application of these herbicides with acephate.   Addition of contact herbicides to 

chloroacetamide herbicide increased peanut injury compared to treatments without contact 

herbicides.  Addition of acephate to different combinations of contact and chloroacetamide 

herbicides reduced peanut injury compared with combinations without acephate.  This might 

be due to the reduction in biotic stress caused by tobacco thrips which may combine with 

injury and result in higher stress to peanut.  Co-application of paraquat with alachlor resulted 

in higher injury especially in the absence of acephate.  

 

Results from the physiochemical compatibility experiments suggested that boron, 

manganese, and/or 2,4-DB can change solution pH dramatically when applied with 

fenpropathrin and lambda-cyhalothrin.  Boron increased solution pH above 8.50 while 

manganese lowered solution pH to approximately 3.0.  Temporary precipitates were formed 

by almost all combinations of fenpropathrin or lambda-cyhalothrin combinations.   
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Acephate and chloroacetamide herbicide changed solution pH to highly acidic while paraquat 

plus bentazon decreased solution pH close to 5.0.  Permanent precipitates were seen with 

acephate plus alachlor over sampling intervals. 

 

Although a wide range of solution pH was noted, control of fall armyworm and tobacco 

thrips was not correlated with solution pH.  
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Source of Materials
  

1
TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

   IL 60189. 
 

2
Orthene®97, Amvac Chemical Corporation, P.O. Box 4100 Washington Blvd. Los Angeles,   

  CA 90023. 

 
3
Gramoxone Inteon Herbicide, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 

 

4
Basagran Herbicide, BASF Corporation, Research Triangle Park, NC 27709. 

  94596. 

 
5
Intrro Preemergence Herbicide, Monsanto Company, St. Louis, MO 63167. 

 

6
Outlook Herbicide, BASF Corporation, Research Triangle Park, NC 27709. 

 

7
Dual Magnum Herbicide, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 
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8
Induce®, blend of alkylarylpolyoxylkane ether, free fatty acids, and isopropyl (90%), and 

  water and formulation acids (10%). Helena Chemical Corporation, 225 Schilling Blvd., 

  Suite 300, Collierville, TN 38017. 
 

9
Danitol 2.4 EC insecticide, Valent U.S.A. Corporation. P.O. Box 8025 Walnut Creek, CA   

  94596. 
 

10
Karate Z insecticide, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

   27419. 

 
11

Headline fungicide, BASF Corporation, Research Triangle Park, NC 27709. 

 
12

 Select MAX Herbicide. Valent U.S.A. Corporation. P.O. Box 8025 Walnut Creek, CA. 

 
13

Butyrac 200 Herbicide
®

, Albaugh Inc., Ankeny, IA 50021. 

 
14

Nutrisol
 
10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
15

Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
16

Agri-Dex
®
 nonionic spray adjuvant, Helena Chemical Company, Collierville, TN 38137. 

 
17

Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ   

   07410. 
 

18
Vortex Genie 2

TM
, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
19

Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
20

Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

   NC 27513. 
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 Table 1. Application rates of insecticides, fungicides, herbicides, micronutrients, and adjuvants 

 applied for fall armyworm and tobacco thrips control. 

  Agrochemicals   Trade name  Classification Rate  

 Tobacco thrips    

 Acephate   Orthene97   Insecticide  1.12 kg ai/ha 

 Alachlor  Intrro  Herbicide 3.36 kg ai/ha 

 Bentazon  Basagran  Herbicide 0.28 kg ai/ha 

 Dimethenamid-P  Outlook  Herbicide 0.84 kg ai/ha 

 Paraquat  Gramoxone Inteon  Herbicide 0.14 kg ai/ha 

 S-metolachlor  Dual magnum  Herbicide 1.06 kg ai/ha 

 Nonionic surfactant   Induce Adjuvant 0.125% (v/v) 

 Fall armyworm    

 Fenpropathrin   Danitol   Insecticide  0.65 kg ai/ha 

 Lambda-cyhalothrin   Karate Z   Insecticide 0.017 kg ai/ha 

 Pyraclostrobin   Headline  Fungicide 0.17 kg ai/ha 

 Clethodim   Select MAX  Herbicide 0.20 kg ai/ha 

 2,4-DB   Butyrac 200  Herbicide 0.28 kg ai/ha 

 Boron   Nutrisol 10% B   Micronutrient 2.34 L/ha 

 Manganese   Nutrisol 8% Mn  Micronutrient 2.34 L/ha 

 Crop oil concentrate   Agri-Dex   Adjuvant 1.0% (v/v) 
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            Table 2. P > F for main effects and interactions 10 d after application when acephate was  

            applied alone or in combination with contact and chloroacetamide herbicides for the control of   

            tobacco thrips in peanut at Lewiston-Woodville in 2009 and 2010. 

 

Source Peanut damage from 

thrips feeding 

Peanut injury associated with 

paraquat 

 ____________________p value___________________ 

Experiment (Exp) <.0001 <.0001 

Acephate <.0001 <.0001 

Contact herbicide (Contact) 0.3258 <.0001 

Chloroacetamide herbicide (Chlor) 0.0047 0.3823 

Acepahte*Contact 0.2065 0.0003 

Acepahte*Chlor 0.0014 0.2492 

Contact*Chlor 0.9472 0.1124 

Acepahte*Contact*Chlor 0.7609 0.1274 

Exp*Acepahte <.0001 0.4231 

Exp*Contact 0.1649 0.0004 

Exp*Chlor 0.2686 0.0187 

Exp*Acepahte*Contact 0.8930 0.5631 

Exp*Acepahte*Chlor 0.4460 0.0098 

Exp*Contact*Chlor 0.7654 0.0562 

Exp*Acepahte*Contact*Chlor 0.0926 0.0405 

Coefficient of variation (%) 43.7 63.9 
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Table 3. Peanut damage 10 d after application when acephate was applied alone or in combination with  
chloroacetamide herbicides.a 

 

 

Chloroacetamide herbicide 

Acephate 

No Yes 

 __________________scale 0-5_________________ 

None 1.8 b 1.3 d 

Alachlor 2.8 a 1.3 d 

Dimethenamid-P 2.3 b 0.8 e 

S-metolachlor 2.5 ab 1.1 de 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over contact herbicides and experiments. 
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Table 4. Peanut damage 10 d after application when acephate or no insecticide was applied for the control of 

tobacco thrips at Lewiston-Woodville.a 

 

Acephate 2009 2010 

 _______________________scale 0-5______________________ 

No 2.0 b 2.7 a 

Yes 0.4 c 1.9 b 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over chloroacetamide and contact herbicides. 
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            Table 5. P > F for main effects and interactions 10 d after application when acephate was applied alone  

            or in combination with chloroacetamide and contact herbicides for the control of tobacco thrips in   

            peanut at Lewiston-Woodville. 

 

 

Source 

Peanut injury associated with paraquat 

2009 2010 

 ___________________p value_________________ 

Acephate <.0001 <.0001 

Contact herbicide (Contact) <.0001 <.0001 

Chloroacetamide herbicide (Chlor) 0.0277 0.2132 

Acephate*Contact 0.0513 0.0071 

Acephate*Chlor 0.0022 0.4369 

Contact*Chlor 0.0432 0.1561 

Acephate*Contact*Chlor 0.0127 0.2647 

Coefficient of variation (%) 45.5 94.7 
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Table 6. Peanut injury 10 d after application when acephate was applied alone or in combination with chloroacetamide and contact 

herbicides for the control of tobacco thrips in 2009.a 

 

 

 

Chloroacetamide 

herbicide 

Acephate 

No  Yes 

Contact herbicide  Contact herbicide 

None  Paraquat  Paraquat plus bentazon  None  Paraquat  Paraquat plus bentazon 

 __________________________________________________________________%______________________________________________________________ 

None 5 fg  10 ef  14 de  0 g  18 cd  16 cde 

Alachlor 3 fg  39 a  23 bc  0 g  16 cde  14 de 

Dimethenamid-P 4 fg  25 bc  19 cd  0 g  14 de  14 de 

S-metolachlor 3 fg  29 b  23 bc  1 g  14 de  13 de 

 
 aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over    

experiments. 
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Table 7. Peanut injury 10 d after application when acephate was applied alone or in combination with contact 

herbicides for the control of tobacco thrips at Lewiston-Woodville in 2010.a 

 

 

Insecticide 

Contact herbicide 

None Paraquat Paraquat plus bentazon 

 __________________________________________%__________________________________________ 

None 3 cd 22 a 11 b 

Acephate 1 d 7 bc 4 cd 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over chloroacetamide herbicides and experiments. 
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Table 8. P > F for main effects and interactions 7 d after application when 

fenpropathrin and lambda-cyhalothrin were applied alone or in combination  

with fungicides, herbicides, and micronutrients for the control of fall armyworm  

in 2009. 

 

Source  Control 

 p value 

Experiment (Exp) 0.9844 

Insecticide (Ins) 0.2489 

Fungicide (Fung) 0.1907 

Micronutrient (Micro) 0.3428 

Herbicide (Herb) 0.4682 

Ins*Fung 0.6809 

Ins*Micro 0.0873 

Ins*Herb 0.4682 

Fung*Micro 0.8976 

Micro*Herb 0.3387 

Fung*Herb 0.6861 

Ins*Fung*Micro 0.6437 

Ins*Fung*Herb 0.4779 

Ins*Micro*Herb 0.7047 

Fung*Micro*Herb 0.0913 

Fung*Ins*Micro*Herb 0.6128 

Exp*Ins 0.6245 

Exp*Fung 0.3379 

Exp*Micro 0.6757 

Exp*Herb 0.0535 

Exp*Ins*Fung 0.8601 

Exp*Ins*Micro 0.8771 
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Table 8 continued  

Exp*Ins*Herb 0.5413 

Exp*Fung*Micro 0.8771 

Exp*Micro*Herb 0.1618 

Exp*Fung*Herb 0.0189 

Exp*Ins*Fung*Micro 0.9971 

Exp*Ins*Fung*Herb 0.4889 

Exp*Ins*Micro*Herb 0.2418 

Exp*Fung*Micro*Herb 0.7973 

Exp*Fung*Ins*Micro*Herb 0.4010 

Coefficient of variation (%) 148.0 
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       Table 9. Fall armyworm control 7 d after application when fenpropathrin and lambda-cyhalothrin were applied alone or in combination   

       with fungicides and herbicides at Lewiston-Woodville in 2009.a 

 

 

        aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  

      Data are pooled over insecticides and micronutrients. 

 
         bClethodim applied with crop oil concentrate. 

 

         cNon-treated check.

 

 

 

Fungicide 

 Fall armyworm population 

 Field 1  Field 2  Field 1  Field 2 

 Herbicide  Herbicide   

No Agrochemicalsc  None 2,4-DB Clethodimb  None 2,4-DB Clethodim  

  ___________________________________________________________No./0.9 m of row____________________________________________________________ 

None  0 b 1 a  1 a  0 b 0 b 1a  -  - 

Pyraclostrobin  0 b 1 a 1 a  1 a 1 a 1 a  -  - 

None  - - -  - - -  1  1 
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Table 10. P > F for main effects and interactions of solution pH determined across sampling time  

when fenpropathrin and lambda-cyhalothrin were applied alone or in combination with fungicides,  

herbicides, and micronutrients. 

  

Source Solution pH 

 p value 

Time <.0001 

Insecticide (Ins) <.0001 

Fungicide (Fung) <.0001 

Micronutrient (Micro) <.0001 

Herbicide (Herb) <.0001 

Ins*Fung 0.1225 

Ins*Micro <.0001 

Fung*Micro <.0001 

Micro*Herb <.0001 

Fung*Herb <.0001 

Ins*Fung*Micro <.0001 

Ins*Fung*Herb <.0001 

Ins*Micro*Herb <.0001 

Fung*Micro*Herb <.0001 

Ins*Fung*Micro*Herb <.0001 

Ins*Time <.0001 

Fung*Time 0.0198 

Micro*Time <.0001 

Herb*Time <.0001 

Ins*Fung*Time 0.2145 

Ins*Micro*Time <.0001 

Ins*Herb*Time <.0001 
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Table 10 continued  

Fung*Micro*Time 0.0029 

Micro*Herb*Time <.0001 

Fung*Herb*Time <.0001 

Ins*Fung*Micro*Time <.0001 

Ins*Fung*Herb*Time <.0001 

Ins*Micro*Herb*Time <.0001 

Fung*Micro*Herb*Time <.0001 

Ins*Fung*Micro*Herb*Time <.0001 

Coefficient of variation (%) 0.30 

 
  



281 

 

 

Table 11.  P > F for main effects and interactions of solution pH determined at four time intervals  

when fenpropathrin and lambda-cyhalothrin were applied alone or in combination with fungicides,  

herbicides, and micronutrients. 

 

 

 

Source 

Solution pH 

Hours after mixing 

0  6  24  72  

 ______________________________p value___________________________ 

Insecticide (Ins)  <.0001 <.0001 <.0001 <.0001 

Fungicide (Fung) <.0001 <.0001 <.0001 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Herbicide (Herb) <.0001 <.0001 <.0001 <.0001 

Ins*Fung 0.9474 0.2702 0.2702 0.7173 

Ins*Micro <.0001 <.0001 <.0001 <.0001 

Ins *Micro <.0001 <.0001 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Micro*Herb <.0001 <.0001 <.0001 <.0001 

Fung*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Fung*Micro 0.0740 <.0001 <.0001 0.0239 

Ins*Fung*Herb 0.0800 <.0001 <.0001 <.0001 

Ins*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Fung*Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Fung*Micro*Herb 0.2674 <.0001 <.0001 <.0001 

Coefficient of variation (%) 0.27 0.31 0.31 0.35 
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Table 12. Solution pH determined at the time of mixing fenpropathrin and lambda-cyhalothrin were applied 

alone or in combination with herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Insecticide 

 Fenpropathrin  Lambda-cyhalothrin 

 Herbicide  Herbicide 

 None 2,4-DB Clethodimb  None  2,4-DB Clethodim 

  ________________________________________________pH____________________________________________ 

None  5.52 f 7.21 d 4.36 g  4.30 h 7.03 e 4.31 h 

Boron  8.54 bc 8.59 a 8.53 c  8.55 b 8.60 a 8.55 b 

Manganese  2.91 j 4.10 i 2.88 k  2.90 j 4.10 i 2.88 k 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over fungicides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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Table 13. Solution pH determined at the time of mixing when fenpropathrin and lambda-cyhalothrin were 

applied alone or in combination with fungicides, herbicides and micronutrients.a 

 

 

 

 

Micronutrient 

 Fungicide 

 None  Pyraclostrobin 

 Herbicide  Herbicide 

 None  2,4-DB Clethodimb  None  2,4-DB Clethodim 

  ________________________________________________pH____________________________________________ 

None  4.92 e 7.03 d 4.32 g  4.91 e 7.21 c 4.35 f 

Boron  8.55 b 8.59 a 8.54 b  8.55 b 8.60 a 8.55 b 

Manganese  2.91 i 4.10 h 2.89 jk  2.90ij 4.11 h 2.88 k 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 

 
bClethodim applied with crop oil concentrate. 
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           Table 14. Solution pH determined 6 h after mixing when fenpropathrin and lambda-cyhalothrin were applied alone or in 

           combination with fungicides, herbicides, and micronutrients.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Insecticide 

Fenpropathrin  Lambda-cyhalothrin 

Fungicide  Fungicide 

None Pyraclostrobin  None Pyraclostrobin 

  ___________________________________________pH__________________________________________________ 

None None 4.30 j 4.32 i  5.71 f 5.49 g 

None 2,4-DB 6.94 e 7.10 d  7.10 d 7.31 c 

None Clethodimb 4.20 l 4.22 k  4.33 i 4.42 h 

Boron None 8.57 b 8.57 b  8.57 b 8.57 b 

Boron 2,4-DB 8.62 a 8.61 a  8.61 a 8.57 b 

Boron Clethodim 8.56 b 8.57 b  8.56 b 8.62 a 

Manganese None 2.91 o 2.90 op  2.91 o 2.90 op 

Manganese 2,4-DB 4.11 m 4.11 m  4.10 mn 4.09 n 

Manganese Clethodim 2.89 pq 2.88 qr  2.89 pq 2.87 r 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  

Data are pooled over experiments. 
 

bClethodim applied with crop oil concentrate.
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         Table 15. Solution pH determined 24 h after mixing when fenpropathrin and lambda-cyhalothrin were applied alone or in  

         combination with fungicides, herbicides, and micronutrients.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Insecticide 

Fenpropathrin  Lambda-cyhalothrin 

Fungicide  Fungicide 

None Pyraclostrobin  None Pyraclostrobin 

  ___________________________________________pH__________________________________________________ 

None None 4.30 j 4.32 i  5.71 f 5.49 g 

None 2,4-DB 6.94 e 7.10 d  7.10 d 7.31 c 

None Clethodimb 4.20 l 4.22 k  4.33 i 4.42 h 

Boron None 8.57 b 8.57 b  8.57 b 8.57 b 

Boron 2,4-DB 8.62 a 8.61 a  8.61 a 8.57 b 

Boron Clethodim 8.56 b 8.57 b  8.56 b 8.62 a 

Manganese None 2.91 o 2.90 op  2.91 o 2.90 op 

Manganese 2,4-DB 4.11 m 4.11 m  4.10 mn 4.09 n 

Manganese Clethodim 2.89 pq 2.88 qr  2.89 pq 2.87 r 

 
             aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. 

          Data are pooled over experiments. 

 
             bClethodim applied with crop oil concentrate.
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Table 16. Solution pH determined 72 h after mixing when fenpropathrin and lambda-cyhalothrin were applied alone or in  

combination with fungicides, herbicides, and micronutrients.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Insecticide 

Fenpropathrin  Lambda-cyhalothrin 

Fungicide  Fungicide 

None Pyraclostrobin  None Pyraclostrobin 

  ___________________________________________pH__________________________________________________ 

None None 4.25 l 4.29 k  5.73 h 5.44 i 

None 2,4-DB 6.89 g 7.06 e  6.99 f 7.29 d 

None Clethodimb 4.16 n 4.19 m  4.27 kl 4.47 j 

Boron None 8.56 bc 8.56 bc  8.56 bc 8.57 b 

Boron 2,4-DB 8.60 a 8.60 a  8.60 a 8.55 bc 

Boron Clethodim 8.54 c 8.56 bc  8.55 bc 8.60 a 

Manganese None 2.89 r 2.89 r  2.89 rs 2.88 rs 

Manganese 2,4-DB 4.11 o 4.10 op  4.08 pq 4.06 q 

Manganese Clethodim 2.86 s 2.86 s  2.87 rs 2.86 s 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. 

 Data are pooled over experiments. 

 
bClethodim applied with crop oil concentrate.        
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         Table 17. Presence or absence of precipitates on mixing of lambda-cyhalothrin with fungicides, herbicides, and micronutrients at four sampling   

         times.a 
 

Agrochemicals Lambda-cyhalothrin 

 Hours after mixing 

Herbicide Fungicide Adjuvant Micronutrient 0  6  24  72  

    _____________precipitates_____________ 

Clethodim Pyraclostrobin Crop oil concentrate None Y* Y* Y* Y* 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Pyraclostrobin None None Y* Y* Y* Y* 

2,4-DB None None None Y* Y* Y* Y* 

None Pyraclostrobin None None Y* Y* Y* Y* 

None  None None None Y* Y* Y* Y* 

Clethodim Pyraclostrobin Crop oil concentrate Boron Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Boron Y* Y* Y* Y* 

2,4-DB Pyraclostrobin None  Boron Y* Y* Y* Y* 

2,4-DB None None Boron Y* Y* Y* Y* 

None Pyraclostrobin None Boron Y* Y* Y* Y* 

None None None Boron Y* Y* Y* Y* 

Clethodim Pyraclostrobin Crop oil concentrate Manganese Y* Y* Y* Y* 
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Table 17 continued        

Clethodim None Crop oil concentrate Manganese Y* Y* Y* Y* 

2,4-DB Pyraclostrobin None Manganese Y* Y* Y* Y* 

2,4-DB None None Manganese Y* Y* Y* Y* 

None Pyraclostrobin None Manganese Y* Y* Y* Y* 

None  None None Manganese Y* Y* Y* Y* 

 

aData are pooled over experiments 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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          Table 18. Presence or absence of precipitates on mixing of fenpropathrin with fungicides, herbicides, and micronutrients at four sampling  

          times.a 

 

Agrochemicals Fenpropathrin 

Herbicide Fungicide Adjuvant Micronutrient Hours after mixing 

 0  6  24  72  

 _____________precipitates_____________ 

Clethodim Pyraclostrobin Crop oil concentrate None Y* Y* Y* Y* 

Clethodim None Crop oil concentrate None Y* Y* Y* Y* 

2,4-DB Pyraclostrobin None  None Y* Y* Y* Y* 

2,4-DB None None None N N N N 

None Pyraclostrobin None None Y* Y* Y* Y* 

None None None None N N N N 

Clethodim Pyraclostrobin Crop oil concentrate Boron Y* Y* Y* Y* 

Clethodim None Crop oil concentrate Boron N N N N 

2,4-DB Pyraclostrobin None Boron Y* Y* Y* Y* 

2,4-DB None None Boron N N N N 

None Pyraclostrobin None Boron Y* Y* Y* Y* 

None  None None Boron N N N N 

Clethodim Pyraclostrobin Crop oil concentrate Manganese Y* Y* Y* Y* 
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Table 18 continued        

Clethodim None Crop oil concentrate Manganese N N N N 

2,4-DB Pyraclostrobin None  Manganese Y* Y* Y* Y* 

2,4-DB None None Manganese Y* Y* Y* Y* 

None Pyraclostrobin None Manganese Y* Y* Y* Y* 

None None None Manganese Y* Y* Y* Y* 

 

aData are pooled over experiments 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Table 19.  P > F for main effects and interactions of solution pH determined  

across time when acephate was applied alone or in combination with chloroacetamide  

and contact herbicides. 

 
 

 

 

 

  

Source Solution pH 

 p value 

Time <.0001 

Acephate  <.0001 

Contact herbicide (Contact) <.0001 

Chloroacetamide herbicide (Chlor) <.0001 

Acephate*Contact <.0001 

Acephate*Chlor <.0001 

Contact*Chlor <.0001 

Acephate*Contact*Chlor <.0001 

Acephate*Time <.0001 

Contact*Time 0.0022 

Chlor*Time <.0001 

Acephate*Contact*Time <.0001 

Acephate*Chlor*Time <.0001 

Contact*Chlor*Time <.0001 

Acephate*Contact*Chlor*Time <.0001 

Coefficient of variation (%) 0.53 
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Table 20.  P > F for main effects and interactions of solution pH determined at sampling times when acephate 

was applied alone or in combination with chloroacetamide and contact herbicides. 

 
 

Source 

Hours after mixing 

0  6  24  72  

 ______________________________p value___________________________ 

Acephate  <.0001 <.0001 <.0001 <.0001 

Contact herbicide (Contact) <.0001 <.0001 <.0001 <.0001 

Chloroacetamide herbicide (Chlor) <.0001 <.0001 <.0001 <.0001 

Acephate*Contact <.0001 <.0001 <.0001 <.0001 

Acephate*Chlor <.0001 <.0001 <.0001 <.0001 

Contact*Chlor <.0001 <.0001 <.0001 <.0001 

Acephate*Contact*Chlor <.0001 <.0001 <.0001 <.0001 

Coefficient of variation (%) 0.45 0.54 0.54 0.57 
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Table 21. Solution pH determined at the time of mixing when acephate was applied alone or in combination with chloroacetamide and contact  

herbicides.a 

 

 

 

Chloroacetamide 

herbicide 

 Acephate 

 No  Yes 

 Contact herbicide  Contact herbicide 

 None Paraquat Paraquat plus bentazon  None Paraquat Paraquat plus bentazon 

  _____________________________________________________________pH__________________________________________________________ 

None  6.27 b 5.21 g 5.86 d  3.83 p 3.91 n 4.54 k 

Alachlor  4.97 j 5.05 i 6.39 a  3.88 o 3.93 n 5.51 e 

Dimethenamid-P  3.59 r 3.60 r 5.32 f  3.44 s 3.46 s 5.09 h 

S-metolachlor  4.31 m 4.43 l 6.12 c  3.86 o 3.78 q 5.53 e 

 
   aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over  

   experiments. 
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Table 22. Solution pH determined 6 h after mixing when acephate was applied alone or in combination with chloroacetamide and contact herbicides.a 

 

 

 

Chloroacetamide 

herbicide 

 Acephate 

 No  Yes 

 Contact herbicide  Contact herbicide 

 None Paraquat Paraquat plus bentazon  None Paraquat Paraquat plus bentazon 

  _____________________________________________________________pH__________________________________________________________ 

None  6.30 a 5.30 e 5.88 c  3.76 o 3.84 m 4.47 i 

Alachlor  4.92 h 5.02 g 6.30 a  3.82 m 3.88 l 5.47 d 

Dimethenamid-P  3.58 q 3.59 q 5.30 e  3.40 r 3.42 r 5.06 f 

S-metolachlor  4.28 k 4.43 j 6.12 b  3.79 n  3.70 p 5.49 d 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments. 
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Table 23. Solution pH determined 24 h after mixing when acephate was applied alone or in combination with chloroacetamide and contact herbicides.a 
 

 

 

Chloroacetamide 

herbicide 

 Acephate 

 No  Yes 

 Contact herbicide  Contact herbicide 

 None Paraquat Paraquat plus bentazon  None Paraquat Paraquat plus bentazon 

  _____________________________________________________________pH__________________________________________________________ 

None   6.28 a 5.37 f 5.91 d  3.60 q 3.68 o  4.32 l 

Alachlor  4.86 j 4.90 i 6.19 b  3.76 n 3.74 n 5.39 ef 

Dimethenamid-P  3.55 r 3.60 q 5.30 g  3.34 s 3.34 s 5.00 h 

S-metolachlor   4.26 m 4.42 k 6.10 c  3.65 p 3.60 q 5.40 e 

 

aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments. 
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Table 24. Solution pH determined 72 h after mixing when acephate was applied alone or in combination with chloroacetamide and contact herbicides.a 

 

 

 

Chloroacetamide 

herbicide 

 Acephate 

 No  Yes 

 Contact herbicide  Contact herbicide 

 None Paraquat Paraquat plus bentazon  None Paraquat Paraquat plus bentazon 

  _____________________________________________________________pH__________________________________________________________ 

None  6.29 a 5.39 d 5.92 c  3.39 n 3.38 n 4.02 k 

Alachlor  4.78 h 4.75 h 6.06 b  3.46 m 3.45 m 5.18 f 

Dimethenamid-P  3.56 l 3.58 l 5.27 e  3.19 p 3.19 p 4.87 g 

S-metolachlor  4.26 j 4.40 i 6.08 b  3.40 n 3.34 o 5.25 e 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are pooled over 

experiments. 
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    Table 25. Presence or absence of precipitates on mixing of acephate with chloroacetamide and contact herbicides at four sampling times.a 

 

Agrochemicals Hours after mixing 

Insecticide Contact herbicide Chloroacetamide herbicde 0  6  24  72  

   _________________precipitates________________ 

None None None N N N N 

None  Paraquat None N N N N 

None  Paraquat plus bentazon None N N N N 

None None S-metolachlor Y* Y* Y* Y* 

None  Paraquat S-metolachlor Y* Y* Y* Y* 

None  Paraquat plus bentazon S-metolachlor Y* Y* Y* Y* 

None None Dimethenamid-P N N N N 

None  Paraquat Dimethenamid-P Y* Y* Y* Y* 

None  Paraquat plus bentazon S-metolachlor Y* Y* Y* Y* 

None None  Alachlor Y* Y* Y* Y* 

None  Paraquat Alachlor Y* Y* Y* Y* 

None  Paraquat plus bentazon Alachlor Y* Y* Y* Y* 

Acephate None None N N N N 

Acephate Paraquat None N N N N 
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Table 25 continued       

Acephate Paraquat plus bentazon None N N N N 

Acephate None S-metolachlor Y* Y* Y* Y* 

Acephate Paraquat S-metolachlor Y* Y* Y* Y* 

Acephate Paraquat plus bentazon S-metolachlor Y* Y* Y* Y* 

Acephate None Dimethenamid-P Y* Y* Y* Y* 

Acephate Paraquat Dimethenamid-P Y* Y* Y* Y* 

Acephate Paraquat plus bentazon S-metolachlor Y* Y* Y* Y* 

Acephate None  Alachlor Y^ Y^ Y^ Y^ 

Acephate Paraquat Alachlor Y* Y* Y* Y* 

Acephate Paraquat plus bentazon Alachlor Y* Y* Y* Y* 

 
aData are pooled over experiments. 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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   Table 26.  F-statistic and Pearson correlation coefficient for visual estimates of insect control or visual injury and solution pH at four  

   sampling times. 

 

aAbbreviation, Coef. is Pearson correlation coefficient.  

 

 

Insect control 

Hours after mixing 

0   6   24   72  

P > F Coef.a  P > F Coef.  P > F Coef.  P > F Coef. 

            

Fall armyworm 0.7120 0.06  0.7274 0.06  0.7288 0.06  0.7209 0.06 

Tobacco thrips 0.0652 0.38  0.0603 0.38  0.0363 0.43  0.0325 0.43 

Visual injury by paraquat 0.3735 0.19  0.3467 0.20  0.2983 0.22  0.2693 0.23 
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CHAPTER V 

Influence of Fungicides, Herbicides, Insecticides, and Micronutrients on Prohexadione 

Calcium Efficacy 

Gurinderbir S. Chahal, David L. Jordan, Rick L. Brandenburg, Barbara B. Shew,  

James D. Burton, and David Danehower

 

 

Abstract 

A variety of pesticides, micronutrients, and plant growth regulators are applied to peanut to 

control pests and manage peanut growth and development.  Field and laboratory experiments 

were conducted to define biological and physiochemical compatibility of prohexadione 

calcium co-applied with fungicides, herbicides, insecticides, and micronutrients.  Field 

studies revealed that two sprays of prohexadione calcium improved row visibility and 

reduced the main stem height compared with one prohexadione calcium spray irrespective of 

agrochemical combinations applied with the first application.  Applying prohexadione 

calcium with lambda-cyhalothrin resulted in lower main stem height compared to 
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prohexadione calcium.  In many instances, peanut injury was noted when prohexadione 

calcium was applied with prothioconazole plus tebuconazole and 2,4-DB.  In one of the 

experiments, prohexadione calcium with prothioconazole plus tebuconazole lowered fall 

armyworm population compared with prohexadione calcium alone.  Micronutrients boron 

and manganese and 2,4-DB result in major changes in pH of prohexadione calcium solution.  

Prohexadione calcium had the least effect on pH of the carrier.  Correlation was not 

significant for canopy visibility improvement and solution pH across sampling intervals. 

 

Nomenclature: boron; crop oil concentrate; lambda-cyhalothrin; manganese; prohexadione 

calcium; prothioconazole; tebuconazole; urea ammonium nitrate; 2,4-DB; fall armyworm 

[Spodoptera frugiperda (J.E. Smith)]; peanut, Arachis hypogaea L. 

Key words: agrochemicals; combinations; precipitates; solution pH  

Abbreviations: d, days; h, hours 

 

Introduction 

 

 Peanut (Arachis hypogaea L.) producers utilize a wide range of agrochemicals to control 

pests and optimize crop growth and development, including herbicides (Wilcut et al., 1995), 

fungicides (Sherwood et al., 1995), and insecticides (Lynch and Mack, 1995).  The relatively 

poor competitive ability of peanut necessitates season-long weed management to obtain 

maximum peanut yield (Jordan, 2011; Wilcut et al., 1995).  Apart from the application of 

pesticides, peanut also requires plant growth regulator application in some instances to 

manage excessive vine growth of peanut which reduces efficiency of digging and vine 

inversion (Jordan et al., 2008).  Prohexadione calcium is registered for management of 
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vegetative growth of peanut and other crops (Anonymous, 2003; Byers and Yoder, 1999; 

Grossman et al., 1994; Lee et al., 1998; Nakayama et al., 1992; Yamaji et al., 1991).  

Prohexadione calcium inhibits gibberellin biosynthesis by blocking kaurene oxidase in 

responsive species (Grossman et al., 1994).  Prohexadione calcium improved peanut row 

visibility, increased pod yield, and improved market, grade characteristics when applied at 

50% row closure and repeated approximately two weeks later (Mitchem et al., 1996; 

Culpepper et al., 1997; Jordan et al., 2000).  Several researches reported that apart from 

improving row visibility in crops, prohexadione calcium also helps in controlling insects and 

diseases by improving pesticide efficacy (Byers et al., 1997; Cooley et al., 1997; Paulson et 

al., 2005).  It might be attributed to better penetration and coverage of pesticides due to 

reduced foliage growth or with changes in the foliage quality of the host plants. 

 

Diseases, caused by viruses, bacteria, or fungi, can reduce peanut yield considerably when 

not controlled.  Fungicides are applied routinely to peanut to control foliar diseases including 

early leaf spot (caused by Cercospora arachidicola Hori), late leaf spot (caused by 

Cercosporidium personatum Berk. & Curtis), and web blotch (caused by Phoma 

arachidicola Marasas, Pauer, and Boerema) (Brenneman et al., 1994; Culbreath et al., 2008; 

Shew and Waliyar, 2005).   Fungicides also control the soil-borne diseases southern stem rot 

(caused by Sclerotium rolfsii Sacc.) and Sclerotinia blight (caused by Sclerotinia minor 

Jagger) (Brenneman et al., 1994; Culbreath et al., 2008; Smith et al., 1992).  Although 

variation is noted among geographical regions, years, and environmental conditions, during a 

typical growing season fungicides are applied either singly or in combination beginning 
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approximately 45 days after peanut emergence and continuing throughout the remainder of 

the growing season up to several weeks prior to digging and vine inversion which can 

approach 135 or more days (Sherwood et al., 1995; Smith and Littrell, 1980).  Fungicide 

programs to control early and late leaf spot and southern stem rot often include bi-weekly 

sprays during this period.  Fungicides applied to control these diseases provide protection for 

a period of two weeks under most environmental conditions (Shew and Waliyar, 2005). 

 

Pyrethroid insecticides are often applied to peanut foliage to control potato beet armyworm 

(Spodoptera exigua Hübner), corn earworm (Heliothis zea Boddie), fall armyworm 

[Spodoptera frugiperda (J.E. Smith)], leaf hopper (Empoasca fabae Harris), and two-spotted 

spider mites (Tetranychus urticae Koch).  Chloropyrifos can be applied at pegging, 45 to 70 

days after peanut emergence, to control southern corn rootworm (Chapin and Thomas, 1993).  

Depending on environmental and edaphic conditions and a range of agronomic and pest 

management practices, application of insecticides may be needed throughout the growing 

season to protect peanut from damage.   

 

Monocotyledonous weeds, including annual and perennial grasses and sedges, as well 

dicotyledonous weeds are prevalent in peanut in the United States (Webster, 2009; Wilcut et 

al., 1995).  Comprehensive herbicide programs, in combination with appropriate cultural 

practices, are employed to manage weeds and minimize interference and subsequent yield 

loss (Wilcut et al., 1987, 1995; Wilcut and Swann, 1990).  Herbicides are often co-applied 

either prior to planting (preplant incorporated in conventional tillage or preplant to emerged 
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weeds in reduced tillage), immediately following planting (preemergence), or after peanut 

and weeds have emerged (postemergence) to achieve optimum yield (Burke et al., 2003; 

Clewis et al., 2007; Richburg et al., 1996; Wilcut et al., 1994, 1995; York et al., 2004).  

 

The micronutrients boron and manganese are applied routinely to optimize peanut growth 

and development and in the case of boron to ensure proper kernel development (Gascho and 

Davis, 1995; Harris and Brolman, 1966; Powell et al., 1996).  Because peanut is often grown 

on coarse-textured soils, boron can be deficient due to leaching (Jordan, 2011).  Single and in 

some cases multiple applications of boron-containing foliar solutions are applied 45 to 70 

days after peanut emergence (Gascho and Davis, 1995).  Manganese deficiency occurs 

frequently in peanut because of liming and target soil pH above 6.0.  Correcting a manganese 

deficiency is achieved by foliar applications when visible symptoms become apparent, 

although some growers apply manganese irrespective of plant symptomology (Powell et al., 

1996). 

 

A diversity of pesticide active ingredients is available for peanut (Brandenburg, 2011; 

Jordan, 2011; Shew, 2011).  Currently, 19 herbicide active ingredients, 16 insecticide active 

ingredients, and 20 fungicide active ingredients representing the major modes of action can 

be applied during the peanut growing season.  Three fumigants, two micronutrients, and one 

plant growth regulator can be used in peanut.  A wide range of advertised plant growth 

stimulants are also available.  Presences of biotic and abiotic stresses mentioned previously 

often occur simultaneously during the peanut growing season, and timing of application for 
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many agrochemicals overlap.  Therefore, potential exists for applying herbicides, fungicides, 

insecticides, and foliar micronutrients simultaneously in peanut production systems.  This 

approach is preferable because of convenience, savings in time, reduced application costs, 

and freeing labor for other operations.  Additionally, applying multiple pesticides with 

different modes of action is an important resistance management strategy for pests 

(Brandenburg, 2011; Jordan, 2011; Shew, 2011).  In spite of above mentioned benefits, 

incompatibility can be associated with these mixtures.  Co-applying pesticides can negatively 

influence agrochemical efficacy and increase crop phytotoxicity (Green, 1989; Hatzios and 

Penner, 1985).  Defining interactions of agrochemicals is important when considering 

applying agrochemicals simultaneously (Barrett 1993; Green, 1989; Hatzios and Penner, 

1985; Nash, 1981; Wehtje et al., 1992).  

 

Incompatibility can occur through physical interactions in the spray tank, while biological 

incompatibility occurs on surface or inside the plant by affecting physiological processes 

associated with absorption, translocation, and metabolism.  Lack of physiochemical 

compatibility of different agrochemicals in the spray tank may lead to the formation of 

precipitates or suspended solids which may adversely affect application equipments such as 

screens and nozzles and consequently affect pest control (Houghton, 1982).  In biological 

incompatibility, the active ingredient of one component is affected by the active ingredient of 

the other (Johanson and Kaldon, 1972).  Various types of interactions can occur on the plant 

surface or inside when agrochemicals are applied simultaneously.  These interactions may 

occur when absorption, translocation, or metabolism of agrochemicals in target pests (Cohen, 
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1984; Maestri and Currier, 1958; Putnam and Penner, 1974; Smith, 1983).  However, in 

some instances, these interactions can increase crop phytotoxicity and decrease pest control 

(Byrd and York, 1988; Franzen et al., 2003; Jordan et al., 2003; Pankey et al., 2004).  

Research has been conducted to define interactions of plant growth regulators (Cruz-Castillo 

et al., 1993), plant growth regulators and herbicides (Beam et al., 2002), plant growth 

regulators and fungicides (Beam et al., 2002; Kathleen et al., 1989), plant growth regulators 

and insecticides (Beam et al., 2002; Krueger and Mason, 1974) and plant growth regulators 

and micronutrients and other fertilizer solutions (Beam et al., 2002; Jordan et al., 2006).  

Although interactions in the literature have been defined for some mixtures containing three-

way mixtures (Lancaster et al., 2008), interactions of four or five-way components is limited. 

 

Defining interactions among agrochemicals is important in assisting growers and their 

advisors as they make decisions on co-application of these products.  Therefore, the objective 

of this study was to define interactions when prohexadione calcium is applied alone or in 

combination with fungicides, herbicides, insecticides, and micronutrients with respect to 

improve row visibility and to determine changes in solution characteristics with these 

prohexadione calcium combinations. 

 

Material and Methods 

Peanut canopy visibility improvement with prohexadione calcium in five-way 

combinations: Experiments were conducted during 2009 in two separate fields at the Peanut 

Belt Research Station near Lewiston-Woodville, in North Carolina.   Soil was a Norfolk 
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sandy loam (fine-loamy, kaolinitic, thermic Typic Kandiudults) at Lewiston-Woodville.  Plot 

size was 0.9 by 3.0 m and a non-treated peanut row separated each two-row plot.  Peanut was 

planted in first week of May and the peanut cultivar Philips was used in all experiments 

(Isleib et al., 2006). 

 

Prohexadione calcium
1
 was applied alone or in combination with two levels of fungicide 

(none or prothioconazole plus tebuconazole
2
), two levels of herbicide (none or 2,4-DB

3
),  

two levels of insecticide (none or lambda-cyhalothrin
4
), and three levels of micronutrient 

(none, boron
5
, or manganese

6
) was applied in late July when 50% of the vines of adjacent 

rows were touching.  Two applications of prohexadione calcium are generally needed to 

establish row visibility that will remain until harvest (Mitchem et al., 1996).  A second spray 

of prohexadione calcium alone was applied to half of the plot 10 d after first application 

without other agrochemicals.  Crop oil concentrate
7
 and urea ammonium nitrate

8
-28% (UAN) 

were applied with prohexadione calcium alone or when mixed with other agrochemicals.  

Maximum efficacy of prohexadione calcium is obtained when UAN is applied with 

prohexadione calcium (Jordan et al., 2000).  Peanut main stem height of three plants selected 

at random within each plot from the soil surface to the top of the main stems was recorded.  

Peanut injury was recorded 7 d after the application of prohexadione calcium combinations 

used for peanut row visibility improvement.  Agrochemicals were applied at manufacturer‟s 

suggested use rate (Table 1).  Treatments were applied in 140 L/ha aqueous solution using 

CO2-pressurized backpack sprayer with flat-fan nozzles
9 
at 275 kPa.     
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Visual estimates of percent peanut injury consisting of foliar chlorosis, necrosis, and stunting 

were recorded using a scale of 0 to 100 where 0 = no injury and 100 = plant death.  Visual 

estimates of row visibility in peanut were recorded using scale of 0 to 10 (0 = 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) and main stem height.  The 

number of fall armyworm larvae was counted for 0.9 m length of peanut row from each plot 

14 d after agrochemicals were applied.   

 

Physiochemical compatibility of prohexadione calcium with other agrochemicals: 

Laboratory experiments were conducted to compare physiochemical compatibility of the 

prohexadione calcium combinations used in the field experiments for row visibility 

improvement (Table 1).  In contrast to field experiments where a municipal water source was 

used, deionized water at pH 6.3 was used in the laboratory experiments.  Agrochemicals 

were mixed in the following order: dry flowables (prohexadione calcium), flowables 

(lambda-cyhalothrin, prothioconazole plus tebuconazole), emulsifiable concentrates (2,4-

DB), and soluble liquids (boron, crop oil concentrate, manganese, and urea ammonium 

nitrate).  Prohexadione calcium solutions were prepared in a final volume of 80 mL in 

sterilized plastic specimen cups
10

 of 120 mL capacity.  After preparing agrochemical 

mixtures solution was vortexed
11

 immediately and examined for precipitates followed by 

determining pH using a portable pH meter
12

.  Solutions were allowed to sit for 6 h after 

mixing, examined for precipitates, vortexed, and re-examined for precipitates followed by pH 

determination.  Similarly, mixtures were allowed to sit for 24 and 72 h after the initial 
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solution preparation using the same procedure.  Presence or absence of precipitates were 

determined visually and described as Yes or No, respectively.  Any visual deposition on the 

bottom of the specimen cup or presence of suspended solids in the solution was considered 

precipitates.  Two types of precipitates, temporary or permanent, were noticed when 

herbicides were mixed with other agrochemicals.  Temporary precipitates went back into 

solution on vortexing while permanent precipitates did not go into solution after vortexing.   

 

Statistical Analysis: Data from field and physiochemical compatibility studies were 

subjected to ANOVA using the PROC GLM procedure of SAS
13

 appropriate for the factorial 

arrangement of treatments using expected mean squares to test fixed and random effects.  

The experimental design in the field was a split plot with prohexadione calcium program (1 

or 2 sprays) serving as the whole plot unit and combinations of prohexadione calcium, 

fungicide, herbicide, insecticide, and micronutrient serving as subplot units and the 

experiments was repeated.  In the laboratory, the experimental design was a completely 

randomized design and the experiment was repeated.  Means of significant main effects and 

interactions were separated using Fisher‟s Protected LSD test at p ≤ 0.05.  Prohexadione 

calcium program was not included in the analysis of peanut injury because the second spray 

had not been applied.  A non-treated control was included in the field experiments but was 

not included in the analysis to allow consideration of the treated structure.  F-statistic and 

Pearson correlation coefficients for pooled peanut row visibility improvement caused by 

prohexadione calcium combinations and solution pH determined at four sampling times were 

determined using the PROC CORR statements in SAS. 
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Results and Discussion 

Peanut canopy visibility improvement with prohexadione calcium in five-way 

combinations: Interactions of experiment X insecticide X herbicide, experiment X fungicide 

X herbicide, experiment X micronutrient, fungicide X micronutrient X herbicide, and 

experiment X program were noted for the row visibility improvement by prohexadione 

calcium combinations (Table 2).  When pooled over experiments and other agrochemicals, 

two applications of prohexadione calcium increased peanut canopy visibility compared to 

one application of prohexadione calcium (Table 3).  Mitchem et al. (1996) reported that two 

applications of prohexadione calcium are generally required to improve row visibility that 

will remain until peanut harvest.   

 

When pooled over program, insecticides, and experiments, applying prohexadione calcium 

with 2,4-DB or with prothioconazole plus tebuconazole or with prothioconazole plus 

tebuconazole plus boron improved canopy visibility than prohexadione calcium (Table 4).  In 

the absence of prothioconazole plus tebuconazole, no differences in canopy visibility 

improvement were noted when prohexadione calcium applied with micronutrients compared 

with prohexadione calcium alone (Table 4).  When pooled over fungicides, herbicides, 

insecticides, and program, in one experiment, co-application of prohexadione calcium with 

boron decreased row visibility compared to prohexadione calcium (Table 5).  However, when 

compared with prohexadione calcium, no differences in row visibility were noted in the 

second experiment (Table 5).  When pooled over program, insecticides, and micronutrients, 
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in one experiment co-application of prohexadione calcium with prothioconazole plus 

tebuconazole or with 2,4-DB increased canopy visibility compared with prohexadione 

calcium (Table 6).   In the second experiment, when compared to prohexadione calcium, 

applying prohexadione calcium with fungicides and herbicides did not affect row visibility 

improvement (Table 6).  When pooled over program, fungicides, and micronutrients, 

applying prohexadione calcium with lambda-cyhalothrin increased canopy visibility 

compared with prohexadione calcium alone in the absence of 2,4-DB in both experiments 

(Table 7).  Previous research suggests that prohexadione calcium application with lambda-

cyhalothrin increased row visibility compared with prohexadione alone (Beam et al., 2002).  

In one experiment, co-application of prohexadione calcium with lambda-cyhalothrin plus 

2,4-DB improved row visibility compared with prohexadione calcium, however, no 

difference was noted in the second experiment (Table 7).   

 

Peanut main stem height by prohexadione calcium combinations was affected by main effect 

of program and interactions of fungicide X micronutrient X insecticide X herbicide and 

experiment X micronutrient X insecticide X herbicide (Table 2).   When pooled over 

experiments, fungicides, herbicides, insecticides, and micronutrients, peanut main stem 

height with two prohexadione calcium sprays was 36 cm compared with 43 cm with one 

prohexadione calcium spray (data not presented in table).  Previous researches indicate that 

main stem height is often lower when prohexadione calcium is applied twice compared with 

a single application (Jordan et al., 2000; Mitchem et al., 1996).  When pooled over program 

and experiments, main stem height was lower by several combinations of prohexadione 
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calcium compared with prohexadione calcium alone (Table 8).  For instance, main stem 

height with the combination of prohexadione calcium with lambda-cyhalothrin, with 2,4-DB, 

or with boron alone was lower compared with application of prohexadione calcium alone 

(Table 8).  Beam et al. (2002) reported that reduction in main stem height of peanut was not 

affected when prohexadione calcium applied with insecticides.  When pooled over program 

and fungicides, in one experiment, main stem height following application of prohexadione 

calcium with manganese plus 2,4-DB, with boron plus 2,4-DB, or with lambda-cyhalothrin 

plus manganese was similar to prohexadione calcium alone (Table 9).  However, in the 

second experiment, when compared with prohexadione calcium, no differences in main stem 

height were noted with these combinations (Table 9).  Co-application of prohexadione 

calcium with lambda-cyhalothrin resulted in main stem being shorter 14 d after application 

compared with prohexadione calcium in one and second experiments, respectively (Table 9).  

In the second experiment, main stem height following application of prohexadione calcium 

with lambda-cyhalothrin plus boron plus 2,4-DB was greater compared with prohexadione 

calcium, however, no difference was noted in one experiment (Table 9).  

 

Interactions of experiment X fungicide X micronutrient X herbicide and fungicide X 

insecticide X micronutrient X herbicide were noted for peanut injury with prohexadione 

calcium combinations (Table 10).  When pooled over insecticides, combinations of 

prohexadione calcium with prothioconazole plus tebuconazole plus 2,4-DB, with 

prothioconazole plus tebuconazole plus 2,4-DB plus boron, with prothioconazole plus 

tebuconazole plus manganese, and with prothioconazole plus tebuconazole plus manganese 
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plus 2,4-DB increased peanut injury compared with prohexadione calcium alone (Table 11).  

When pooled over experiments, several prohexadione calcium combinations such as 

prohexadione calcium with prothioconazole plus tebuconazole plus lambda-cyhalothrin plus 

boron or manganese plus 2,4-DB, with prothioconazole plus tebuconazole plus lambda-

cyhalothrin plus manganese, with prothioconazole plus tebuconazole plus manganese plus 

2,4-DB, with prothioconazole plus tebuconazole plus lambda-cyhalothrin plus 2,4-DB, and 

with prothioconazole plus tebuconazole plus 2,4-DB increased crop injury at least 8 

percentage points or more compared to prohexadione calcium alone (Table 12).  Previous 

research indicates that application of prothioconazole plus tebuconazole with 2,4-DB 

increased peanut injury compared with 2,4-DB alone (Grichar et al., 2010).  The range of 

peanut injury was 0 to 13% in these experiments (Tables 11 and 12). 

 

Population of fall armyworm in the non-treated control was 5 and 5 per 0.9 m of row in field 

1 and field 2, respectively (data not shown in tables).  In these respective fields, fall 

armyworm population following application of prohexadione calcium with lambda-

cyhalothrin alone was 4 and 5 per 0.9 m of row (data not shown in tables).  The interaction of 

experiment X fungicide X micronutrient X herbicide was significant for fall armyworm 

population control by prohexadione calcium combinations (Table 10).  When pooled over 

insecticides, in one field applying prohexadione calcium with prothioconazole plus 

tebuconazole alone, with boron alone, or with 2,4-DB alone decreased fall armyworm 

population compared with prohexadione calcium alone (Table 13).  However, fall armyworm 

population was lower when prothioconazole plus tebuconazole were applied in absence of 
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micronutrients compared with no prothioconazole plus tebuconazole (Table 13).  In contrast, 

fall armyworm population was higher when 2,4-DB was applied with prothioconazole plus 

tebuconazole in absence of micronutrients (Table 13).  Similarly, applying prothioconazole 

plus tebuconazole increased fall armyworm population with boron in absence to 2,4-DB 

(Table 13).  In the second field, when compared with prohexadione calcium, no differences 

of fall armyworm were noted when prohexadione calcium applied with fungicides, 

herbicides, and micronutrients (Table 13).  Several researches reported the decrease in insect 

population when prohexadione calcium was applied for canopy improvement in apple and 

pear trees (Byers et al., 1997; Cooley et al., 1997; Paulson et al., 2005).  In our experiments, 

in absence of lambda-cyhalothrin fall armyworm population following prohexadione calcium 

alone was 4 per 0.9 m of row compared with 5 per 0.9 m of row in non-treated peanut (data 

not shown in tables). 

 

Physiochemical compatibility of prohexadione calcium with other agrochemicals: The 

interaction of insecticide X fungicide X micronutrient X herbicide X sampling time was 

noted for solution pH of prohexadione calcium solutions measured at four sampling times, 

therefore, data are presented for each sampling time (Table 14).  Solution pH determined for 

prohexadione calcium combinations was affected by the interactions of fungicide X 

micronutrient X herbicide and insecticide X fungicide each for 0 and 6 h sampling times 

(Table 15).  Interaction of insecticide X fungicide X micronutrient X herbicide was noted for 

solution pH measured at 24 and 72 h sampling intervals (Table 15).  The average pH of 

solution with prohexadione calcium alone was 6.76, 6.86, 6.88, and 6.76 at 0, 6, 24, and 72 h 
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sampling times, respectively (data not presented in tables).  When pooled over herbicides, 

micronutrients, and experiments, solution with prohexadione calcium with prothioconazole 

plus tebuconazole plus lambda-cyhalothrin was slightly higher than prohexadione calcium at 

the time of mixing (Table 16).  Regardless of other agrochemicals, combination of 

prohexadione calcium with 2,4-DB or with boron increased the solution pH compared to 

prohexadione calcium at the time of mixing (Table 17).  In contrast, addition of manganese 

reduced the solution pH to 4.45 or less irrespective of other agrochemicals in the solution 

(Table 17).  When pooled over herbicides, micronutrients, and experiments, slight variation 

in solution pH was noted when prohexadione calcium was applied with fungicides and 

insecticides at 6 h sampling time (Table 18).  Regardless of other agrochemicals, addition of 

2,4-DB and boron raised the solution pH close to 7.0  and 8.4 over sampling times, 

respectively (Tables 19, 20, and 21).  However, in the absence of 2,4-DB and boron, 

prohexadione combinations with manganese decreased the solution pH less than 4.0 across 

sampling times (Tables 19, 20, and 21).  Insecticide had the least effect on solution pH.  The 

range of solution pH with prohexadione calcium combinations with fungicides, herbicides, 

and micronutrients was 3.53 to 8.45 at sampling intervals (Tables 17, 18, 19, 20, and 21). 

 

Precipitates were produced by prohexadione calcium combinations over sampling times 

(Table 22).  In most instances, solution was reestablished after vortexing except with mixture 

of prohexadione calcium with prothioconazole plus tebuconazole plus lambda-cyhalothrin 

plus manganese, with 2,4-DB plus manganese, and with 2,4-DB plus lambda-cyhalothrin 

plus manganese across sampling times (Table 22).  No significant correlation was noted for 
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pooled canopy visibility improvement by prohexadione calcium combinations and solution 

pH for sampling times of 0 h (p = 0.1379, R = 0.30), 6 h (p = 0.1312, R = 0.31), 24 h (p = 

0.1252, R = 0.31), and 72 h (p = 0.0895, R = 0.34) (data not shown in tables).   

 

In summary, sequential applications of prohexadione calcium were more effective in 

improving row visibility than a single application irrespective of agrochemical combination 

applied at the first timing.  Combination of prohexadione calcium with prothioconazole plus 

tebuconazole or with lambda-cyhalothrin or with 2,4-DB increased peanut canopy visibility 

than prohexadione calcium.  When compared to prohexadione calcium, applying 

prohexadione calcium with lambda-cyhalothrin reduced main stem height.  In several 

instances, peanut injury was noted when prohexadione calcium was applied in combination 

with fungicides, herbicides, insecticides, and micronutrients, primarily when prothioconazole 

plus tebuconazole and 2,4-DB were included. 

 

Results of physiochemical compatibility study demonstrated that prohexadione calcium has 

very little effect on carrier pH.  Addition of manganese, 2,4-DB, or boron to solutions 

containing prohexadione calcium changed solution pH to highly acidic, neutral, or alkaline, 

respectively.  Lambda-cyhalothrin has the least effect on pH of solutions containing 

prohexadione calcium.   

 

Precipitates were formed in all prohexadione calcium combinations over sampling intervals. 
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No significant correlations were noted for canopy visibility improvement and solution pH at 

four time intervals. 
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Source of Materials
  

1
Apogee® Plant Growth Regulator, BASF Corporation, 26 Davis Drive, Research Triangle    

 Park, NC 27709. 
 

2
Provost 433SC fungicide, Bayer Cropscience LP, P.O. Box 12014, Alexander Drive,  

  Research Triangle Park, NC 27709. 

 
3
Butyrac 200 Herbicide

®
, Albaugh Inc., Ankeny, IA 50021. 

 

4
Karate Z insecticide, Syngenta Crop Protection, Inc. , P.O. Box 18300, Greensboro, NC  

   27419. 

 
5
Nutrisol

 
10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
6
Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
7
Agri-Dex

®
 nonionic spray adjuvant, Helena Chemical Company, Collierville, TN 38137. 

 
8
UAN-28, Yara North America Inc., 100 N. Tampa Street, Tampa, FL 33602. 

 
9
TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

   IL 60189. 

 
10

Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ   

   07410. 
 

11
Vortex Genie 2

TM
, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 
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12

Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

 
13

Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

   NC 27513.  
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 Tables 1. Application rates of plant growth regulator, insecticides, fungicides, herbicides, 

 and micronutrients applied to row visibility improvement in peanut. 

 

  Agrochemicals   Trade name  Classification Rate  

  Prohexadione calcium   Apogee   Plant growth regulator 0.14 kg ai/ha 

  Crop oil concentrate   Agri-Dex   Adjuvant 1.0% (v/v) 

  Urea ammonium nitrate UAN  Fertilizer 0.49 kg/ha 

  Lambda-cyhalothrin   Karate   Insecticide 0.017 kg ai/ha 

  2,4-DB   Butyrac 200  Herbicide 0.28 kg ai/ha 

  Prothioconazole      Proline  Fungicide 0.084 kg ai/ha 

  Tebuconazole  Folicur Fungicide 0.16 kg ai/ha 

  Boron   Nutrisol 10% B  Micronutrient 2.34 L/ha 

  Manganese   Nutrisol 8% Mn Micronutrient 2.34 L/ha 
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Table 2. P > F for the main effects and interactions 14 d after application  

when prohexadione calcium applied alone or in combination with fungicides,  

herbicides, insecticides, and micronutrients to improve row visibility in peanut. 

 

Source Row visibility Main stem height 

 ___________p value__________ 

Experiment (Exp) 0.0009 <.0001 

Program (Prog) <.0001 <.0001 

Exp*Prog 0.0108 0.2148 

Fungicide (Fung) 0.8323 0.5762 

Micronutrient (Micro) 0.0086 0.0095 

Insecticide (Ins) 0.0022 0.0005 

Herbicide (Herb) 0.2694 0.3207 

Fung*Micro 0.7305 0.1217 

Fung*Ins 0.7242 0.3207 

Fung*Herb 0.5255 0.4197 

Micro*Ins 0.4568 0.3262 

Micro*Herb 0.1249 0.8871 

Ins*Herb 0.2496 0.0944 

Fung*Micro*Ins 0.2932 0.0743 

Fung*Micro*Herb 0.0143 0.0099 

Micro*Ins*Herb 0.2877 0.5672 

Fung*Ins*Herb 0.6214 0.1071 

Fung*Micro*Ins*Herb 0.3998 0.0200 

Prog*Fung*Micro 0.2703 0.2125 

Prog*Fung*Ins 0.7242 0.3519 

Prog*Fung*Herb 0.6893 0.9011 

Prog*Micro*Ins 0.5012 0.8975 
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Table 2 continued   

Prog*Micro*Herb 0.9732 0.9733 

Prog*Ins*Herb 0.7242 0.9011 

Prog*Fung*Micro*Ins 0.4503 0.6591 

Prog*Fung*Micro*Herb 0.7999 0.8871 

Prog*Micro*Ins*Herb 0.7378 0.7457 

Prog*Fung*Ins*Herb 0.6214 0.2915 

Prog*Fung*Micro*Ins*Herb 0.6189 0.7457 

Exp*Fung 0.5566 0.1725 

Exp*Micro 0.0332 0.4977 

Exp*Ins 0.7958 0.2641 

Exp*Herb 0.0094 0.1928 

Exp*Fung*Micro 0.7687 0.0678 

Exp*Fung*Ins 0.3122 0.8522 

Exp*Fung*Herb 0.0047 0.0828 

Exp*Micro*Ins 0.4568 0.0106 

Exp*Micro*Herb 0.3830 0.6516 

Exp*Ins*Herb 0.0463 0.0031 

Exp*Fung*Micro*Ins 0.3187 0.5672 

Exp*Fung*Micro*Herb 0.4801 0.4333 

Exp*Micro*Ins*Herb 0.1938 0.0291 

Exp*Fung*Ins*Herb 0.9064 0.7561 

Exp*Fung*Micro*Ins*Herb 0.3963 0.1120 

Exp*Prog*Fung*Micro 0.8896 0.8180 

Exp*Prog*Fung*Ins 0.6549 0.9011 

Exp*Prog*Fung*Herb 0.2903 0.1928 
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Table 2 continued   

Exp*Prog*Micro*Ins 0.8808 0.7840 

Exp*Prog*Micro*Herb 0.6950 0.8975 

Exp*Prog*Ins*Herb 0.4953 0.7561 

Exp*Prog*Fung*Micro*Ins 0.4553 0.7544 

Exp*Prog*Fung*Micro*Herb 0.2763 0.2875 

Exp*Prog*Micro*Ins*Herb 0.7973 0.7038 

Exp*Prog*Fung*Ins*Herb 0.6549 0.7094 

Exp*Prog*Fung*Micro*Ins*Herb 0.8956 0.9885 

Coefficient of Variation 17.0 10.7 
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Table 3. Row visibility 14 d after the application of prohexadione calcium program in 2009.a 

 

Prohexadione calcium program 

Row visibilityb 

Field 1 Field 2 

 ____________________scale 0-10_____________________ 

One spray 5 b 5 b 

Two sprays 8 a 7 a 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over fungicides, herbicides, insecticides, micronutrients, and experiments. 

 
bRow visibility defined using a scale of 0 to 10 where 0 = a flat canopy with no row definition and 10 = peanut    

 rows that are triangular in shape. 
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Table 4. Row visibility 14 d after the application when prohexadione calcium applied alone or in combination 

with fungicides, herbicides, and micronutrients.a, b
 

 
 

 

 

Micronutrient 

Fungicide 

None  Prothioconazole plus tebuconazole 

Herbicide  Herbicide 

None 2,4-DB  None 2,4-DB 

 _____________________________________scale 0-10___________________________________________ 

None 6 b 7 a  7 a 6 b 

Boron 6 b 6 b  7 a 6 b 

Manganese 6 b 6 b  6 b 6 b 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over program, insecticides, and experiments. 

 
bRow visibility defined using a scale of 0 to 10 where 0 = a flat canopy with no row definition and 10 = peanut  

 rows that are triangular in shape. 

 

 

 

 

  



330 

 

 

Table 5. Row visibility 14 d after the application when prohexadione calcium applied alone or in combination 

with micronutrients at Lewiston-Woodville in 2009.a 

 

Micronutrients 

Row visibilityb 

Field 1 Field 2 

 ____________________scale 0-10_____________________ 

None  7 a 6 a 

Boron  6 b 6 a 

Manganese 7 a 6 a 

 
aMeans within afield followed by the same letter are not significantly different according to Fisher‟s 

Protected LSD test at p ≤ 0.05. Data are pooled over fungicides, herbicides, insecticides, and program. 

 
bRow visibility defined using a scale of 0 to 10 where 0 = a flat canopy with no row definition and  

10 = peanut rows that are triangular in shape. 
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Table 6. Row visibility 14 d after the application when prohexadione calcium applied alone or in combination 

with fungicides and herbicides at Lewiston-Woodville in 2009.a, b 

 
 

 

Fungicide 

Field 1  Field 2 

Herbicide  Herbicide 

None 2,4-DB  None 2,4-DB 

 _____________________________________scale 0-10___________________________________________ 

None 6 b 7 a  6 a 6 a 

Prothioconazole 

plus tebuconazole 

7 a 6 b  6 a 6 a 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over program, insecticides, and micronutrients. 

 
bRow visibility defined using a scale of 0 to 10 where 0 = a flat canopy with no row definition and 10 = peanut 

rows that are triangular in shape. 
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Table 7. Row visibility 14 d after the application when prohexadione calcium applied alone or in combination 

with herbicides and insecticides at Lewiston-Woodville in 2009.a, b 

 
 

 

Insecticide 

Field 1  Field 2 

Herbicide  Herbicide 

None 2,4-DB  None 2,4-DB 

 _____________________________________scale 0-10___________________________________________ 

None 6 b 6 b  6 b 6 b 

Lambda-cyhalothrin 7 a 7 a  7 a 6 b 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over program, fungicides, and micronutrients. 

 
bRow visibility defined using a scale of 0 to 10 where 0 = a flat canopy with no row definition and 10 = peanut 

rows that are triangular in shape. 
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Table 8. Peanut main stem height 14 d after application when prohexadione calcium was applied alone or in 

combination with fungicides, herbicides, insecticides, and micronutrients.a 

 

 

 

 

 

Micronutrient 

 

 

 

 

Herbicide 

Main stem height 

Fungicide 

None  Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________________cm___________________________________________ 

None None 41 a 36 c  38 b 38 b 

None 2,4-DB 38 b 36 c  41 a 41 a 

Boron None 38 b 41 a  41 a 38 b 

Boron 2,4-DB 41 a 38 b  38 b 41 a 

Manganese None 38 b 38 b  41 a 38 b 

Manganese 2,4-DB 41 a 41 a  41 a 38 b 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD 

 test at p ≤ 0.05. Data are pooled over program and experiments. 
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Table 9. Peanut main stem height 14 d after application when prohexadione calcium was applied alone or in 

combination with herbicides, insecticides, and micronutrients at Lewiston-Woodville in 2009.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Main stem height 

Field 1  Field 2 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________________cm_____________________________________________ 

None None 41 b 38 c  38 b 33 d 

None 2,4-DB 41 b 41 b  38 b 36 c 

Boron None 41 b 41 b  38 b 36 c 

Boron 2,4-DB 43 a 41 b  38 b 41 a 

Manganese None 41 b 43 a  38 b 36 c 

Manganese 2,4-DB 43 a 41 b  38 b 38 b 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over program and fungicides. 

 

 

 

 

 

 

 

 

 

  



335 

 

 

Table 10. P > F for the main effects and interactions for peanut injury and fall army worm  

population when prohexadione calcium was applied alone or in combination with fungicides,  

herbicides, insecticides, and micronutrients. 

 

Source Peanut injury Fall armyworm population 

 __________________p value__________________ 

Experiment (Exp) 0.7119 0.5313 

Fungicide (Fung) <.0001 0.2802 

Micronutrient (Micro) <.0001 0.5966 

Insecticide (Ins) 0.0027 0.5692 

Herbicide (Herb) <.0001 0.0277 

Fung*Micro <.0001 0.1838 

Fung*Ins 0.0118 0.1003 

Fung* Herb <.0001 0.1731 

Ins*Micro 0.0052 0.3881 

Micro*Herb <.0001 0.8010 

Ins*Herb 0.1188 0.3936 

Fung*Ins*Micro 0.4458 0.5966 

Fung*Micro*Herb 0.0006 0.6313 

Ins*Micro*Herb 0.0723 0.0689 

Fung*Ins*Herb 0.7088 0.1731 

Fung*Ins*Micro*Herb 0.0047 0.4745 

Exp*Fung 0.1179 0.9093 

Exp*Micro 0.9897 0.4799 

Exp*Ins 0.8925 0.8643 

Exp*Herb 0.1188 0.6488 

Exp*Fung*Micro 0.4697 0.9609 

Exp*Fung*Ins 0.6008 0.2558 
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Table 10 continued   

Exp*Fung* Herb 0.2888 0.7759 

Exp*Ins*Micro 0.8086 0.6531 

Exp*Micro*Herb 0.8930 0.7642 

Exp*Ins*Herb 0.0865 0.4947 

Exp*Fung*Ins*Micro 0.2514 0.8845 

Exp*Fung*Micro*Herb 0.0267 0.0020 

Exp*Ins*Micro*Herb 0.9329 0.3801 

Exp*Fung*Ins*Herb 0.1694 0.8643 

Exp*Fung*Ins*Micro*Herb 0.5706 0.7519 

Coefficient of variation (%) 71.5 60.7 
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Table 11.  Peanut injury 7 d after the application when prohexadione applied alone or in combination with 

fungicides, herbicides, and micronutrients at Lewiston-Woodville in 2009.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Peanut injury 

Field 1  Field 2 

Fungicide  Fungicide 

None Prothioconazole 

plus tebuconazole 

 None Prothioconazole  

plus tebuconazole 

  _____________________________________%_____________________________________ 

None None 0 c 1 c  0 b 2 b 

None 2,4-DB 0 c 13 a  1 b 8 a 

Boron None 0 c 0 c  0 b 0 b 

Boron 2,4-DB 0 c 9 b  2 b 8 a 

Manganese None 0 c 9 b  1 b 8 a 

Manganese 2,4-DB 1 c 9 b  0 b 9 a 

 

aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected 

LSD test at p ≤ 0.05. Data are pooled over insecticides. 
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Table 12.  Peanut injury 7 d after the application when prohexadione applied alone or in combination  

with fungicides, herbicides, insecticides, and micronutrients.a 

 

 

 

 

 

Micronutrient 

 

 

 

 

Herbicide 

Peanut injury 

Fungicide 

None  Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________%_____________________________________ 

None None 0 e 0 e  1 de 3 cd 

None 2,4-DB 1 de 0 e  12 a 8 b 

Boron None 0 e 0 e  0 e 0 e 

Boron 2,4-DB 2 cde 0 e  4 c 13 a 

Manganese None 0 e 1 de  4 c 13 a 

Manganese 2,4-DB 0 e 1 de  8 b 11 a 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD  

test at p ≤ 0.05. Data are pooled over experiments. 
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Table 13. Fall armyworm population when prohexadione calcium was applied alone or in combination with fungicides, herbicides, and  

micronutrients at Lewiston-Woodville in 2009.a 

 

 

 

 

Micronutrient 

 

 

 

Herbicide 

Fall armyworm population 

Field 1  Field 2 

Fungicide  Fungicide 

None Prothioconazole plus tebuconazole  None Prothioconazole plus tebuconazole 

  ______________________________________________No./0.9m of row_________________________________________________ 

None None 6 a 3 bc  4 a 5 a 

None 2,4-DB 2 c 5 ab  4 a 3 a 

Boron None 3 bc 6 a  5 a 5 a 

Boron 2,4-DB 4 abc 4 abc  3 a 5 a 

Manganese None 4 abc 4 abc  5 a 4 a 

Manganese 2,4-DB 3 bc 4 abc  4 a 5 a 

 
aMeans within a field followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data are  

pooled over insecticides. 
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Table 14. P > F of main effects and interaction of solution pH determined 

 across sampling times when prohexadione calcium applied alone or in  

combination with fungicides, herbicides, insecticides, and micronutrients. 

 
Source Solution pH 

 p value 

Time <.0001 

Fungicide (Fung) <.0001 

Micronutrient (Micro) <.0001 

Insecticide (Ins) 0.5191 

Herbicide (Herb)  <.0001 

Fung*Micro <.0001 

Ins*Fung 0.2769 

Fung*Herb <.0001 

Ins*Micro 0.3993 

Micro*Herb <.0001 

Ins*Herb 0.0057 

Ins*Fung*Micro <.0001 

Fung*Micro*Herb <.0001 

Ins*Micro*Herb 0.0058 

Ins*Fung*Herb <.0001 

Ins*Fung*Micro*Herb 0.0027 

Fung*Time <.0001 

Micro*Time <.0001 

Ins*Time 0.0081 

Herb*Time <.0001 

Fung*Micro*Time <.0001 

Ins*Fung*Time <.0001 
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Table 14 continued  

Fung*Herb*Time <.0001 

Ins*Micro*Time 0.0094 

Micro*Herb*Time <.0001 

Ins*Herb*Time 0.2774 

Ins*Fung*Micro*Time <.0001 

Fung*Micro*Herb*Time <.0001 

Ins*Micro*Herb*Time 0.4775 

Ins*Fung*Herb*Time <.0001 

Ins*Fung*Micro*Herb*Time <.0001 

Coefficient of variation (%) 0.4 
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Table 15. P > F of main effects and interaction of solution pH determined when prohexadione calcium  

applied alone or in combination with fungicides, herbicides, insecticides, and micronutrients at four sampling 

intervals. 

 
 

Source 

Hours after preparation 

0  6  24  72  

 __________________________p value__________________________ 

Fungicide (Fung)  0.6053 0.6419 0.0002 <.0001 

Micronutrient (Micro) <.0001 <.0001 <.0001 <.0001 

Insecticide (Ins)  0.1061 0.6419 0.7343 0.0062 

Herbicide (Herb)  <.0001 <.0001 <.0001 <.0001 

Fung*Micro <.0001 <.0001 <.0001 <.0001 

Ins*Fung 0.0314 0.0074 0.0031 <.0001 

Fung*Herb 0.0142 0.5263 0.2371 <.0001 

Ins*Micro 0.3286 0.5248 0.9150 0.0024 

Micro*Herb <.0001 <.0001 <.0001 <.0001 

Ins*Herb 0.7203 0.5263 0.0651 0.0114 

Ins*Fung*Micro 0.3379 0.7227 0.3908 <.0001 

Fung*Micro*Herb <.0001 <.0001 0.0699 <.0001 

Ins*Micro*Herb 0.8624 0.7125 0.1439 0.0103 

Ins*Fung*Herb 0.3615 0.2922 0.0447 <.0001 

Ins*Fung*Micro*Herb 0.2968 0.4720 0.0495 <.0001 

Coefficient of variation (%) 0.4 0.4 0.3 0.4 
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Table 16. Solution pH determined at the time of mixing when prohexadione calcium applied alone or in 

combination with fungicides and insecticides.a 

 

 

Insecticide 

Fungicide 

None Prothioconazole  plus tebuconazole 

 ____________________________pH______________________________ 

None 6.42 b 6.41 c 

Lambda-cyhalothrin 6.42 b 6.43 a 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD  

test at p ≤ 0.05. Data are pooled over herbicides, micronutrients, and experiments. 
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Table 17. Solution pH determined at the time of mixing when prohexadione calcium applied alone or in 

combination with fungicides, herbicides, and micronutrients.a 

 

 

 

 

Micronutrient 

Fungicide 

None  Prothioconazole  plus tebuconazole 

Herbicide  Herbicide 

None 2,4-DB  None 2,4-DB 

 __________________________________________pH__________________________________________ 

None 6.75 b 6.90 a  6.71 c 6.90 a 

Boron 8.43 e 8.45 d  8.42 f 8.43 e 

Manganese 3.53 i 4.45 g  3.64 h 4.45 g 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at 

 p ≤ 0.05. Data are pooled over insecticides and experiments. 
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Table 18. Solution pH determined at 6 h after mixing when prohexadione calcium applied alone  

or in combination with fungicides and insecticides.a 
 
 

Insecticide 

Fungicide 

None Prothioconazole  plus tebuconazole 

 ____________________________pH____________________________ 

None 6.47 a 6.46 b 

Lambda-cyhalothrin 6.46 b 6.47 a 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected  

LSD test at p ≤ 0.05. Data are pooled over herbicides, micronutrients, and experiments. 
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Table 19. Solution pH determined at 6 h after mixing when prohexadione calcium applied alone or in 

combination with fungicides, herbicides, and micronutrients.a 
 

 

 

 

Micronutrient 

Fungicide 

None  Prothioconazole  plus tebuconazole 

Herbicide  Herbicide 

None 2,4-DB  None 2,4-DB 

 __________________________________________pH__________________________________________ 

None 6.85 c 6.94 b  6.80 d 6.94 b 

Boron 8.42 a 8.41 a  8.41 a 8.41 a 

Manganese 3.67 g 4.52 e  3.74 f 4.51 e 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at  

p ≤ 0.05. Data are pooled over insecticides and experiments. 
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Table 20. Solution pH determined at 24 h after mixing when prohexadione calcium applied alone or in combination with  

fungicides, herbicides, insecticides, and micronutrients.a 
 
 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

None  Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________________pH_____________________________________________ 

None None 6.88 f 6.84 g  6.81 h 6.80 h 

None 2,4-DB 7.02 c 7.04 c  6.95 e 6.98 d 

Boron None 8.42 a 8.40 ab  8.40 ab 8.39 b 

Boron 2,4-DB 8.40 ab 8.39 b  8.39 b 8.41 ab 

Manganese None 3.73 l 3.73 l  3.76 k 3.75 k 

Manganese 2,4-DB 4.58 i 4.52 j  4.52 j 4.56 i 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05. Data  

are pooled over experiments. 
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Table 21. Solution pH determined at 72 h after mixing when prohexadione calcium applied alone or in combination with 

fungicides, herbicides, insecticides, and micronutrients.a 
 
 

 

 

Micronutrient 

 

 

 

Herbicide 

Fungicide 

None  Prothioconazole plus tebuconazole 

Insecticide  Insecticide 

None Lambda-cyhalothrin  None Lambda-cyhalothrin 

  ___________________________________________pH_____________________________________________ 

None None 6.76 h 6.86 g  7.34 b 7.07 de 

None 2,4-DB 7.03 f 7.05 ef  7.12 c 7.09 cd 

Boron None 8.38 a 8.37 a  8.37 a 8.37 a 

Boron 2,4-DB 8.37 a 8.36 a  8.36 a 8.37 a 

Manganese None 3.71 k 3.73 k  3.74 k 3.73 k 

Manganese 2,4-DB 4.55 ij 4.52 j  4.52 j 4.56 i 

 
aMeans followed by the same letter are not significantly different according to Fisher‟s Protected LSD test at p ≤ 0.05.  

Data are pooled over experiments. 
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Table 22. Presence or absence of precipitates on mixing of prohexadione calcium with fungicides, herbicides, insecticides, and micronutrients at  

four sampling times.a 

 

 Agrochemicals Hours after preparation 

Herbicide Fungicide Insecticide Micronutrient 0  6  24 72  

Prohexadione calcium plus crop oil concentrate plus urea ammonium nitrate-28% _____________________precipitates___________________ 

None  None None None  Y* Y* Y* Y* 

None  Prothioconazole plus tebuconazole None None  Y* Y* Y* Y* 

None None Lambda-cyhalothrin None Y* Y* Y* Y* 

None  Prothioconazole plus tebuconazole Lambda-cyhalothrin None  Y* Y* Y* Y* 

None  None None Boron Y* Y* Y* Y* 

None  Prothioconazole plus tebuconazole None Boron Y* Y* Y* Y* 

None  None Lambda-cyhalothrin Boron Y* Y* Y* Y* 

None Prothioconazole plus tebuconazole Lambda-cyhalothrin Boron  Y* Y* Y* Y* 

None  None  None  Manganese Y* Y* Y* Y* 

None  Prothioconazole plus tebuconazole None  Manganese Y* Y* Y* Y* 

None None  Lambda-cyhalothrin Manganese Y* Y* Y* Y* 

None  Prothioconazole plus tebuconazole Lambda-cyhalothrin Manganese Y^ Y^ Y^ Y^ 

2,4-DB None None None  Y* Y* Y* Y* 

2,4-DB Prothioconazole plus tebuconazole None None  Y* Y* Y* Y* 
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Table 22 continued       

2,4-DB None Lambda-cyhalothrin None Y* Y* Y* Y* 

2,4-DB Prothioconazole plus tebuconazole Lambda-cyhalothrin None  Y* Y* Y* Y* 

2,4-DB None None Boron Y* Y* Y* Y* 

2,4-DB Prothioconazole plus tebuconazole None Boron Y* Y* Y* Y* 

2,4-DB None Lambda-cyhalothrin Boron Y* Y* Y* Y* 

2,4-DB Prothioconazole plus tebuconazole Lambda-cyhalothrin Boron  Y* Y* Y* Y* 

2,4-DB None  None  Manganese Y^ Y^ Y^ Y^ 

2,4-DB Prothioconazole plus tebuconazole None  Manganese Y* Y* Y* Y* 

2,4-DB None  Lambda-cyhalothrin Manganese Y^ Y^ Y^ Y^ 

2,4-DB Prothioconazole plus tebuconazole Lambda-cyhalothrin Manganese Y* Y* Y* Y* 

 
aData are pooled over experiments. 

*Indicates temporary precipitates  

^Indicates permanent precipitates  

„Y‟ means presence of precipitates  

„N‟ means no precipitates were seen 
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Chapter VI 

Palmer Amaranth (Amaranthus palmeri) Control with Combinations of 2,4-DB and 

Diphenylether Herbicides 

Gurinderbir S. Chahal, David L. Jordan, Eric P. Prostko, and Alan C. York
*
 

 

Abstract 

Palmer amaranth that has escaped soil-applied herbicides at planting or that is resistant to the 

acetolactate synthase-inhibiting herbicides can be difficult to control in peanut, especially 

when POST herbicides are applied to Palmer amaranth exceeding 15 cm.  Experiments were 

conducted in Georgia and North Carolina during 2007 and 2008 to compare control of 

Palmer amaranth greater than 20 cm tall by sequential and tank-mix applications of 2,4-DB 

and acifluorfen or lactofen.  Palmer amaranth control by co-application of 2,4-DB with 

acifluorfen or lactofen or control when 2,4-DB was applied 3 to 7 d prior to diphenylether 

herbicides was similar in most experiments when evaluated 2 and 5 wk after initial herbicide 

applications.  Tank-mix and sequential applications of 2,4-DB and acifluorfen or lactofen 

often were more effective than 2,4-DB alone 2 wk after the initial herbicide application.  By 

5 wk after initial application, 2,4-DB alone as two sequential applications was as effective as 

                                                 
   *Graduate Research Assistant and Professor, Department of Crop Science, North Carolina State University, 

Box 7620, Raleigh, NC 27695-7620; Professor, Department of Crop and Soil Science, University of Georgia, 
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tank-mix or sequential applications of 2,4-DB and acifluorfen or lactofen in most 

experiments. 

Nomenclature: Acifluorfen; fomesafen; imazapic; imazethapyr; lactofen; 2,4-DB; Palmer 

amaranth, Amaranthus palmeri L.; peanut, Arachis hypogaea L. 

Keywords: co-application, herbicide interactions, sequential application.   

 

Introduction 

Palmer amaranth is found in all major peanut production regions of the United States 

(Gleason and Cronquist, 1991; Horak and Loughin, 2000; Webster, 2009).  Burke et al. 

(2007) observed that the higher growth rate of Palmer amaranth coupled with its elevated 

height makes it a competitive weed in peanut.  These researchers reported that one Palmer 

amaranth per m of row reduced peanut yield 28%.  Although soil-applied herbicides are 

effective on Palmer amaranth (Grey and Wehtje, 2005; Grichar and Colburn, 1996; Grichar 

et al., 1999), season-long control is generally not adequate with soil-applied herbicides alone 

(Grichar, 2008).  In recent years, biotypes of Palmer amaranth and other Amaranthus species 

have developed resistance to acetolactate synthase (ALS) inhibiters used in peanut, including 

chlorimuron-ethyl, diclosulam, imazapic, and imazethapyr (Prostko et al., 2007).  Imazapic 

and imazethapyr are very effective in controlling ALS-sensitive Palmer amaranth biotypes, 

even when size exceeds 20 cm (Clewis et al., 2008).  Although the protoporphyrinogen IX 

oxidase-inhibiting herbicides such as acifluorfen and lactofen as well as paraquat control 

Palmer amaranth, these herbicides must be applied when plants are small to be effective 

(Wilcut et al., 1995).  In fields where biotypes are resistant to the ALS herbicides, growers 
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often realize resistant biotypes exist several weeks after optimum timing of application.  

Consequently, herbicides are applied to large weeds that are difficult to control.  Determining 

more effective ways to control large Palmer amaranth that has escaped previous herbicide 

applications is important in managing this weed in peanut.  

 

Herbicide mixtures are often used to increase efficiency and efficacy of weed management 

systems (Green, 1989).  Co-application of agrochemicals is more convenient, increases the 

spectrum of control, and improves control of larger or stressed weeds (Jianhua et al., 1995; 

Shaw, 2002).  Herbicide mixtures that include different modes of action or sequential 

application of herbicides with different modes of action can reduce selection pressure for 

herbicide-resistant Palmer amaranth and other species (Retzinger and Mallory-Smith, 1997; 

Wrubel and Gressel, 1994).  The diphenylether herbicides acifluorfen and lactofen and the 

synthetic auxin 2,4-DB are the only postemergence herbicides registered for use in peanut 

that will control or suppress escaped Palmer amaranth when ALS-resistant biotypes are 

present (Jordan et al., 2007).  Diphenylether herbicides co-applied with herbicides having a 

different mode of action are often more effective than either herbicide applied alone (Vidrine 

et al., 1993).  Coverage of weeds by spray solution is important in obtaining satisfactory 

control by contact herbicides such as acifluorfen or lactofen, and applying higher spray 

volumes often achieves this goal (Lee and Oliver, 1982).  Altering weed growth in a manner 

that enables a higher amount of spray solution to penetrate the weed canopy also may lead to 

improved control, especially control of tall weeds such as Palmer amaranth.  The synthetic 

auxin herbicide 2,4-DB often causes twisting, curling, and bending of weeds (Senseman, 



354 

 

 

2007; Sterling and Hall, 1997).  It is postulated that applying 2,4-DB prior to acifluorfen or 

lactofen may allow greater penetration of spray solution into the canopy which may result in 

greater coverage and subsequently more effective control.  However, the effectiveness of this 

practice has not been determined for large Palmer amaranth.  

 

Peanut growers routinely apply 2,4-DB several times during the growing season to control 

weeds.  Although single applications may be ineffective, sequential applications often 

suppress larger weeds, such as sicklepod [Senna obtusifolia (L.) Irwin and Barneby], and 

consequently minimize interference (Wilcut et al., 1995).  This approach to controlling 

escaped Palmer amaranth has not been thoroughly investigated in peanut.  While acifluorfen 

and lactofen are applied routinely to control broadleaf weeds in peanut, concern about 

adverse effects on peanut exist.  Previous research suggests that acifluorfen and aciflourfen 

plus bentazon can reduce peanut yield in some instances (Jordan et al., 2003).  Applications 

of these herbicides during pod set and pod fill are of particular concern.  In contrast, research 

with 2,4-DB suggests adequate tolerance throughout the growing season (Baughman et al., 

2002; Grichar et al., 1997; Jordan et al., 2003).  Because only suppression of large Palmer 

amaranth by acifluorfen or lactofen plus 2.4-DB is expected, equivalent suppression by 

sequential applications of 2,4-DB may be as effective, and sequential applications of 2,4-DB 

are less expensive than programs containing acifluorfen or lactofen and potentially less 

injurious to peanut. 
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Controlling escaped Palmer amaranth, especially biotypes resistant to ALS-inhibiting 

herbicides, has become important for peanut growers.  Therefore, research was conducted to 

compare Palmer amaranth control by acifluorfen and lactofen co-applied with and applied 

sequentially with 2,4-DB and to determine if sequential applications of 2,4-DB alone are as 

effective as co-applied or sequential application of 2,4-DB with acifluorfen or lactofen. 

 

Materials and Methods 

Three experiments were conducted in tilled fallow areas without peanut.   

Experiment 1 was conducted during 2007 and 2008 at the Ponder farm located near Tifton, 

GA on a Dothan loamy sand (fine-loamy, kaolinitic, thermic Plinthic Kandiudults) with 0.9% 

organic matter and pH 5.6.  Treatments consisted of 2,4-DB
1
 applied to 30 to 40 cm Palmer 

amaranth (POST 1), acifluorfen
2
, acifluorfen plus 2,4-DB, lactofen

3
, and lactofen plus 2,4-

DB applied to Palmer amaranth (POST 1), 2,4-DB applied POST 1 followed by acifluorfen 

or lactofen applied POST 2, and 2,4-DB at POST 1 followed by 2,4-DB at POST 2.  A non-

treated check was included.  The POST 2 application was made 7 d after the POST 1 

application.  Herbicide rates included 280 g ae/ha of the dimethylamine salt of 2,4-DB, 280 g 

ae/ha of the sodium salt of acifluorfen, and 220 g ai/ha of lactofen.  Crop oil concentrate
4
 at 

1.0% (v/v) was included with all herbicide applications.  

 

Experiment 2 was conducted in 2007 and 2008 at different times the Central Crops Research 

Station near Clayton, NC, in four separate fields at different times at the Upper Coastal Plain 

Research Station near Rocky Mount, NC during 2008, and twice in 2007 and once in 2008 in 
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separate but adjacent fields on a private farm near Mount Olive, NC.  Soil at Clayton was 

Dothan loamy sand with organic matter 1.0% and pH 5.9.  Soil at Rocky Mount was Norfolk 

sandy loam soil (fine-loamy, siliceous, thermic Typic Paleudults) with organic matter 

ranging from 0.8 to 1.5% and pH ranging from 5.9 to 6.2.  Soil at Mount Olive was Wagram 

loamy sand (loamy, kaolinitic, thermic, Arenic Kandiudults) with 0.7% organic matter and 

pH 5.1.  Treatments in experiment 2 consisted of acifluorfen (280 or 420 g/ha) or lactofen 

(150 or 220 g/ha) and 2,4-DB (280 g/ha) either co-applied to 30 to 40 cm Palmer amaranth 

(POST 2) or as sequential applications of acifluorfen or lactofen at POST 2 preceded by 2,4-

DB 4 to 5 d earlier (POST 1).  Additional treatments included 2,4-DB alone at POST 1 or  

POST 2, the ammonium salt of imazapic
5
 (70 g ae/ha) at POST 2, and a non-treated check.  

With the exception of the non-treated check, all treatments included 2,4-DB at 280 g/ha 

applied POST 3 (2 wk after POST 2).  Nonionic surfactant
6
 at 0.25 % (v/v) was included 

with all treatments except 2,4-DB applied alone.  

 

Experiment 3 was conducted in 2008 in two separate fields at Rocky Mount and in privately 

owned fields near Mount Olive, NC and Hobbsville, NC.  Soils at Rocky Mount and Mount 

Olive were similar to those described previously while the soil at Hobbsville was a Norfolk 

sandy loam with 0.8% organic matter and pH 6.1.  Treatments consisted of acifluorfen (420 

g/ha), the sodium salt of fomesafen
7
 (280 g ae/ha), lactofen (220 g/ha), imazapic (70 g/ha), 

and the ammonium salt of imazethapyr
8
 (70 g ae/ha) co-applied with 2,4-DB (1120 g/ha) to 

30 to 40 cm Palmer amaranth (POST 1).  These treatments also included a repeat application 
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of 2,4-DB at the same rate 10 d later (POST 2).  A crop oil concentrate at 1.0% (v/v) was 

included in all applications except 2,4-DB alone.   

 

Treatments were arranged in a randomized complete block design with three or four 

replications.  Plot size was 2 by 5 m.  Herbicides were applied with a CO2-pressurized 

backpack sprayer calibrated to deliver 145 L/ha using 8002 regular flat fan nozzles
9
.  Visual 

estimates of percent control were recorded at 2 and 4 weeks after POST 2 application (WAT) 

using a scale of 0 = no control and 100 = complete control (Frans et al., 1986).  The number 

of seedheads/m
2
 was recorded in each plot 6 wk after POST 2 application at 6 of the 10 sites 

for experiment 2.  Data for visual estimates of percent weed control and for number of 

seedheads were subjected to analysis of variance and means were separated by using Fisher‟s 

Protected LSD test at p ≤ 0.05.   

 

Results and Discussion 

Experiment 1.  Lack of treatment by year interaction allowed data to be averaged over years.   

Acifluorfen and lactofen applied alone controlled Palmer amaranth 36 to 39% 2 WAT (Table 

1).  Control was increased 17 to 22% when 2,4-DB was co-applied with acifluorfen or 

lactofen.  At 4 WAT, acifluorfen and lactofen controlled Palmer amaranth 20 and 41%, 

respectively.  Although not statistically significant, control increased 17 to 23% when 2,4-

DB was co-applied with acifluorfen or lactofen.  Control at 4 WAT was 27% greater with co-

application of lactofen plus 2,4-DB as compared with co-application of acifluorfen plus 2,4-

DB.  There was no benefit from sequential application of 2,4-B and acifluorfen or lactofen 
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compared with co-application.    Neither co-application nor sequential application of 2,4-DB 

and acifluorfen or lactofen was more effective than 2,4-DB alone followed by a sequential 

application of 2,4-DB. 

 

Experiment 2.  Palmer amaranth was controlled 34 to 36% 2 wk after POST 2 application 

by 2,4-DB alone applied at POST 1 or POST 2 (Table 2).  Greater control, 51 to 61%, was 

noted with 2,4-DB plus acifluorfen or lactofen co-applied at POST 2 or with 2,4-DB at POST 

1 followed by acifluorfen or lactofen at POST 2.  Sequential application of 2,4-DB and 

acifluorfen or lactofen was no more effective than co-application.  

 

A rate response with acifluorfen and lactofen was not observed at 4 wk after POST 2 (Table 

2).  Control was generally similar with 2,4-DB and acifluorfen or 2,4-DB and lactofen co-

applied and sequentially applied.  All treatments that included 2,4-DB alone or with 

acifluorfen or lactofen reduced Palmer amaranth seedhead production 58 to 74%.  However, 

most systems that included acifluorfen or lactofen were no more effective at seedhead 

suppression than systems with 2,4-DB alone. 

 

Imazapic applied POST 2 was more effective 2 wk after POST 2 than 2,4-DB alone but less 

effective than combinations of 2,4-DB plus acifluorfen or lactofen (Table 2).  At 4 wk after 

POST 2 (and 2 wk after POST 3), imazapic at POST 2 followed by 2,4-DB at POST 3 

controlled Palmer amaranth and suppressed seedhead production as well as any system with 

acifluorfen or lactofen plus 2,4-DB.  The Palmer amaranth population in this experiment may 
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have been partially resistant to acetolactate synthase (ALS) herbicides.   Biotypes of Palmer 

amaranth resistant to ALS-inhibiting herbicides are common in North Carolina and Georgia 

(Sosnoskie et al., 2009; Whitaker, 2009).  Imazapic would have been more effective on non-

ALS-resistant Palmer amaranth. 

 

Experiment 3.  At 2 wk after POST 2 application, Palmer amaranth control by imazethapyr 

plus 2,4-DB at POST 1 followed by 2,4-DB at POST 2 was similar to control by 2,4-DB 

alone at POST 1 and POST 2 (Table 3).  However, systems including acifluorfen, fomesafen, 

lactofen, and imazapic were more effective than the system with 2,4-DB alone.  Systems 

with fomesafen, imazapic, and lactofen were 10 to 14% more effective than the system with 

acifluorfen.  At 4 wk after POST 2 application, less control was observed in the system with 

2,4-DB alone as compared with systems that included acifluorfen, fomesafen, lactofen, 

imazapic, or imazethapyr.   The systems with imazapic was most effective, with Palmer 

amaranth controlled 81%.  Systems with fomesafen and imazethapyr were intermediately 

effective (53 to 55% control) while systems with acifluorfen and lactofen were least effective 

(44 to 47% control). 

 

In summary, results from these experiments indicate that sequential applications of 

acifluorfen or lactofen and 2,4-DB in some instances were more effective than co-

application.  However, response was inconsistent and did not occur the majority of time.  

Additionally, sequential or tank mix applications of acifluorfen or lactofen and 2,4-DB did 

not exceed that of sequential applications of 2,4-DB in most experiments.  Imazapic, which 
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generally controls large Palmer amaranth was marginally effective in many of these 

experiments due in part to suspected resistance to ALS resistance in fields where these 

experiments were conducted.  These results indicate that sequential applications of 2,4-DB 

most likely will be as effective as of diphenylether herbicides with minimal concern over 

adverse effects on peanut when Palmer amaranth size exceeds label recommendations. 
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Table 1.  Palmer amaranth control by acifluorfen, lactofen, and 2,4-DB co-applied or sequentially applied in 

Georgia.  Experiment 1.a 

 

 Application  Controld 

Herbicideb timingc  2 wk 4 wk 

   ____________ % ____________ 

Acifluorfen POST 1  36 c 20 c 

Acifluorfen plus 2,4-DB POST 1  53 ab 37 bc 

2,4-DB fbe Acifluorfen POST 1 fb POST 2  63 a 44 abc 

Lactofen POST 1  39 bc 41 abc 

Lactofen plus 2,4-DB POST 1  61 a 64 a 

2,4-DB fb lactofen POST 1 fb POST 2  62 a 61 ab 

2,4-DB fb 2,4-DB POST 1 fb POST 2  60 a 51 ab 

 
aMeans within a column followed by the same letter are not significantly different according to Fisher‟s 

Protected LSD test at p ≤ 0.05. Data are pooled over years. 

 
bAcifluorfen, lactofen, and 2,4-DB were applied at 280, 220, and 280 g/ha, respectively.  Crop oil concentrate at 

1.0% (v/v) applied with all treatments. 

 
cPOST 1 applied to 30 to 40 cmPalmer amaranth.  POST 2 applied 7 d after POST 1.   

 
dControl recorded 2 and 4 wk after the first 2,4-DB application. 

 
eAbbreviation: fb, followed by. 
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Table 2.  Palmer amaranth control by acifluorfen, imazapic, lactofen, and 2,4-DB co-applied and sequentially 

applied in North Carolina.  Experiment 2.a   

 

  Application  Controlc   

Herbicides  Rate  Timingb  2 wk  4 wk  Seedheads 

  g/ha    
_________ % _________  No./plot 

2,4-DB fbd 

   acifluorfen fb 

   2,4-DB 

 280 fb  

280 fb 

280 

 POST 1 fb  

POST 2 fb 

POST 3 

 51 c  49 bc  7 bc 

           
2,4-DB fb  

   acifluorfen fb 

   2,4-DB 

 280 fb  

420 fb 

280 

 POST 1 fb  

POST 2 fb 

POST 3 

 55 b  51 ab  7 bc 

           
2,4-DB fb  

   lactofen fb 

   2,4-DB 

 280 fb  

150 fb 

280 

 POST 1 fb  

POST 2 fb 

POST 3 

 55 b  55 a  5 cd 

           
2,4-DB fb  

   lactofen fb 

   2,4-DB 

 280 fb  

220 fb 

280 

 POST 1 fb  

POST 2 fb 

POST 3 

 58 ab  52 ab  6 bc 

           
2,4-DB plus  

   acifluorfen fb 

   2,4-DB 

 280 plus  

280 fb 

280 

 POST 2 

fb 

POST 3 

 55 bc  51 ab  6 bc 

           
2,4-DB plus 

   acifluorfen fb 

   2,4-DB 

 280 plus 

420 fb 

280 

 POST 2 

fb 

POST 3 

 54 bc  48 bc  6 bc 
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2,4-DB plus  

   lactofen fb 

   2,4-DB 

 280 plus  

150 fb 

280 

 POST 2 

fb 

POST 3 

 56 b  47 bc  5 cd 

           
2,4-DB plus  

   lactofen fb 

   2,4-DB 

 280 plus 

220 fb 

280 

 POST 2 

fb 

POST 3 

 61 a  52 ab  6 bc 

           
2,4-DB fb 

   2,4-DB 

 

 280 fb 

280 

 POST 1 fb 

POST 3 

 34 e  41 d  8 b 

           
2,4-DB fb 

   2,4-DB 

 280 fb 

280 

 POST 2 fb 

POST 3 

 36 e  46 cd  8 b 

           
Imazapic fb 

   2,4-DB 

 70 fb 

280 

 POST 2 fb 

POST 3 

 45 d  54 a  4 d 

           

Non-treated          19 a 

 

aMeans within a column followed by the same letter are not different according to Fisher‟s Protected LSD test at 

p ≤ 0.05.  Data are pooled over location and year combinations. 

 
bPOST 2 applied to 30 to 40 cm Palmer amaranth; POST 1 applied 4 to 5 d earlier.  POST 3 applied 2 wk after 

POST 2. 

 
cControl recorded 2 and 4 wk after POST 2 (0 and 2 wk after POST 3). 

 
dAbbreviation:  fb, followed by. 

 

Table 2 continued 
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Table 3.  Palmer amaranth control by combinations of acifluorfen, fomesafen, lactofen, imazapic, and 

imazethapyr plus 2,4-DB followed by a second application of 2,4-DB in North Carolina.  Experiment 3.a 

 

  Application  Controld 

Herbicidesb  timingc  2 wk  4 wk 

    ____________ % ____________ 

Acifluorfen plus 2,4-DB fbe 2,4-DB  POST 1 fb POST 2  52 b  48 c 

Fomesafen plus 2,4-DB fb 2,4-DB  POST 1 fb POST 2  63 a  53 b 

Lactofen plus 2,4-DB fb 2,4-DB  POST 1 fb POST 2  66 a  44 c 

Imazapic plus 2,4-DB fb 2,4-DB  POST 1 fb POST 2  62 a  81 a 

Imazethapyr plus 2,4-DB fb 2,4-DB  POST 1 fb POST 2  44 c  55 b 

2,4-DB fb 2,4-DB  POST 2 fb POST 2  39 c  36 d 

 
aMeans within a column followed by the same letter are not significantly different according to Fisher‟s 

Protected LSD test at p ≤0.05.  Data are pooled over locations. 

 
bAcifluorfen, fomesafen, lactofen, imazapic, imazethapyr, and 2,4-DB were applied at 280, 280, 220, 70, 70, 

and 1120 g/ha, respectively.  Crop oil concentrate at 1.0% (v/v) included in all applications except 2,4-DB 

alone.      

   
cPOST 1 applied to 30 to 40 cm Palmer amaranth; POST 2 applied 10 d later. 

 
dControl recorded 2 and 4 wk after POST 2 application. 

 
eAbbreviation:  fb, followed by. 
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CHAPTER VII 

Influence of Water Quality and Co-applied Agrochemicals on Efficacy of Glyphosate 

 

Gurinderbir S. Chahal, David L. Jordan, James D. Burton, David Danehower, and  

Alan C. York
 

 

 

Abstract 

Experiments were conducted to determine the influence of water source as carrier and other 

agrochemicals on glyphosate efficacy, 
14

C-glyphosate absorption and translocation, and 

physiochemical compatibility.  Glyphosate efficacy was affected by 24 of 37 water sources 

compared with deionized water, although response was not consistent across all weed species 

including cereal rye, common lambsquarters, common ragweed, fall panicum, goosegrass, 

large crabgrass, Italian ryegrass, Palmer amaranth, tall morningglory, and wheat.  Glyphosate 

was compatible when co-applied with cloransulam-methyl, dicamba, flumioxazin, 

pyrithiobac-sodium, thifensulfuron-methyl plus tribenuron-methyl, trifloxysulfuron-sodium, 

and 2,4-D but not when applied with acifluorfen or glufosinate.  
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Fertilizer solutions containing calcium, manganese, and zinc consistently reduced weed 

control by glyphosate.  Efficacy was seldom affected by boron.  Compared with deionized 

water, Italian ryegrass control was affected by 10, 3, and 9 of 37 water sources when applied 

at seedling, tillering, and jointing stages, respectively.  With the exception of boron, fertilizer 

solutions reduced efficacy of all stages of growth.  Water quality and fertilizer solutions had 

little effect on 
14

C-glyphosate absorption and translocation in Italian ryegrass 6 hours after 

treatment compared with application in deionized water.  Precipitates were not produced 

when glyphosate was applied with the water sources or fertilizer solutions.  However, 

precipitates developed when glyphosate was co-applied with cloransulam-methyl, 

flumioxazin, thifensulfuron-methyl plus tribenuron-methyl, and trifloxysulfuron-sodium but 

not with acifluorfen, dicamba, glufosinate, pyrithiobac-sodium, and 2,4-D.  Solution pH 

ranged from 4.11 to 5.60 after glyphosate was added regardless of solution pH prior to 

glyphosate addition.  Significant correlations were observed between control of almost all 

species and water quality components (calcium, iron, manganese, zinc, hardness, and pH). 

 

 

Nomenclature: acifluorfen; boron; calcium; cloransulam-methyl; dicamba; flumioxazin; 

glufosinate; glyphosate; manganese; pyrithiobac-sodium; thifensulfuron-methyl plus 

tribenuron-methyl; and trifloxysulfuron-sodium; zinc; 2,4-D; cereal rye, Secale cereale L.; 

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

L.; fall panicum, Panicum dichotomiflorum Michx.; goosegrass, Eleusine indica (L.) Gaertn.; 

Italian ryegrass, Lolium multiflorum (Lam.) Husnot.; large crabgrass, Digitaria sanguinalis 
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(L.) Scop.; Palmer amaranth, Amaranthus palmeri (L.) S. Watts.; tall morningglory, Ipomoea 

purpurea (L.) Roth; and wheat, Triticum aestivum L. 

Key words: agrochemicals, efficacy, fertilizer solutions, herbicides, solution pH, water 

sources, 
14

C-glyphosate. 

Abbreviations: HAT, hours after treatment; h, hours; Yes, Y; No, N.  

 

 Introduction 

Glyphosate [N-(phosphonomethyl) glycine] and its salts were first described as herbicides in 

1971 (Baird et al., 1971).  Glyphosate is a broad spectrum and systemic compound used in 

many herbicide programs all over the world.  Much of this increase in use has been due to the 

widespread adoption of glyphosate-resistant crops to control many annual and perennial 

weeds.  Glyphosate is a foliar-applied herbicide and its efficacy depends on retention, 

cuticular penetration, and subsequent translocation to plant meristems (Thomas et al., 2007; 

Woodburn, 2000).  Glyphosate inhibits 5-enolpyruvylshikimic acid-3-phosphate synthase 

(EPSPS) in sensitive plants, an enzyme of the shikimic acid pathway (Amrhein et al., 1982). 

 

Water is the main carrier used for most of the herbicide applications and generally comprises 

over 99% of the spray solution.  Quality of water used in spray tanks can greatly affect 

efficacy of herbicides.  The term water quality comprises of physical and chemical 

characteristics of water.  Unlike deionized water, ground water and municipal water systems 

contain different components including cations, pH of the water, presence of calcium 

carbonate responsible for water hardness, and carbonate and bicarbonate levels determining 
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the alkalinity of the water.  Moreover, some suspended matter can also lead to turbidity in 

water.  Polyvalent cations including aluminum, calcium, iron, magnesium, and zinc in the 

spray solution can reduce glyphosate efficacy (Buhler and Burnside, 1983a; Hanson and 

Rieck, 1976; Hatzios and Penner, 1985; Hensley et al., 1978; Sandberg et al., 1978; Shillevg 

and Waller, 1989; Stahlman and Philips, 1979). 

 

Glyphosate, like other phosphonic acids, functions as chelating agent through amine, 

carboxylate, and phosphonate functional groups that can act as strong ligand and coordinate 

to metal ions, including transition metal ions (Glass, 1984; Pearson, 1963; Subramaniam and 

Hoggard, 1988).  Tridentate ligand and tetradentate can be produced by glyphosate and other 

constituents (Motekaitis and Martell, 1985; Subramaniam and Hoggard, 1988).  Virtually all 

principal metabolites of glyphosate can form strong complexes with transition-metal ions, 

and probably with other metal ions such as calcium and magnesium (Subramaniam and 

Hoggard, 1988).  The interaction of glyphosate with these cations results in its decreased 

absorption and translocation in plants and subsequently reduced efficacy (Buhler and 

Burnside, 1983b; Glass, 1984; Hall et al., 2000; Madsen et al., 1978; McBride and Kung, 

1989; Motekaitis and Martell, 1985; Nalewaja and Matysiak, 1991; Nilsson, 1985; Stahlman 

and Philips, 1979; Subramaniam and Hoggard, 198; Thelen et al., 1995; Wills and 

McWhorter, 1985).  

Nalewaja and Matysiak (1991, 1992, 1993a, 1993b) reported reduction in glyphosate efficacy 

when applied in hard water.  Weak acid herbicides such as glyphosate dissociate in water 

forming a positively charged species (cation) and a negatively charged species (anion).  Hard 
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water contains high concentrations of calcium and magnesium ions which compete with the 

isopropylamine cation for association with the glyphosate anion.   As a result, glyphosate 

precipitates out of solution and is less likely to traverse the leaf cuticle and enter the plant.  

Increase in glyphosate activity by decreasing carrier volume has been reported (Buhler and 

Burnside, 1983b; Nalewaja and Matysiak, 1993a; O‟Sullivan et al., 1981).  This increase in 

efficacy can be attributed to decrease in the concentration of divalent cations such as Ca
2+

 

and Mg
2+

 in the carrier used for glyphosate application.  Efficacy of glyphosate in the 

presence of calcium ion can be improved with addition of ammonium sulfate (Nalewaja and 

Matysiak, 1991).  The protective action of ammonium sulfate results from the low water 

solubility of calcium sulfate, allowing it to precipitate before calcium creates a complex with 

glyphosate during droplet drying (Nalewaja and Matysiak, 1993b).  Interaction between 

ammonium ion and glyphosate may also play a part in increasing glyphosate efficacy (Thelen 

et al., 1995).  

 

Apart from the calcium and magnesium, some other cations such as manganese and zinc can 

reduce glyphosate efficacy (Bailey et al., 2002; Scroggs et al., 2009).  Manganese and zinc 

are important micronutrients in soybean [Glycine max (L.) Merr.] and cotton (Gossypium 

hirsutum L.) production systems in some parts of the United States and their availability are 

reduced in soils with high pH (Bailey et al., 2002; Berry, 2007; Scroggs et al., 2009; Tisdale 

et al., 1993).  Generally, growers apply these micronutrients with glyphosate to save time and 

production cost.  However, glyphosate efficacy is often reduced when co-applied with these 

micronutrients (Abouziena et al., 2009; Bailey et al., 2002: Bernards et al., 2005a 2005b; 
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Scroggs et al., 2009).  Micronutrients may form complexes with glyphosate in a manner 

similar to calcium forming salts that were not readily passed though the leaf cuticle and 

thereby reducing glyphosate efficacy. 

 

Water pH affects the stability and efficacy of weak acid herbicides such as glyphosate.  

Hydrolysis, a process that breaks the bonds holding pesticides together, can reduce the active 

ingredient in spray solutions and is affected by water pH.  Change in pH can influence the 

performance of glyphosate.  Stahlman and Phillips (1979) reported a negative influence of 

high pH on glyphosate.  Buhler and Burnside (1983b) reported an increase in glyphosate 

activity with the addition of HCl, H2SO4, or acetic acid.  Addition of acid to the spray tank 

may result in the protonation of the negatively charged moieties on the glyphosate molecule.  

The resultant nonpolar glyphosate molecule would pass through the leaf cuticle readily as 

compared to the cation-glyphosate complex or polar moieties.  

 

In modern agriculture, herbicide mixtures are favored over sequential applications to broaden 

the spectrum of weed.  Presence of different weed species often occurs simultaneously in a 

cropping system and timing of application for many agrochemicals coincides.  This approach 

is also preferred because of convenience, savings in time, reduced application costs, and 

freeing labor for other operations.  Additional benefits of applying multiple pesticides with 

different modes of action are important resistance management strategy for pests (Wrubel 

and Gressel, 1994).  However, some herbicide mixtures can reduce weed control due to 

antagonism compared with separate applications of each herbicide.  Shaw and Arnold (2002) 
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reported the reduction in control of pitted morningglory (Ipomoea lacunosa L.) and hemp 

sesbania [Sesbania exaltata (Raf.) Cory] when glyphosate was co-applied with either 

chlorimuron or cloransulam-methyl compared with sequential application of glyphosate.  

Unlike these results, Jordan et al. (1997) found that chlorimuron did not antagonize 

glyphosate control of barnyardgrass [Echinochlos crus-galli (L.) Beauv.].  Efficacy of 

glyphosate was reduced when applied with bromoxynil, dicamba, and 2,4-D (Flint and 

Barrett, 1989; Nalewaja and Matysiak, 1992; O'Sullivan and O'Donovan, 1980).  For a 

successful weed control, glyphosate should be compatible both physiochemically and 

biologically with other agrochemicals.  Physiochemical incompatibility may result in the 

formation of precipitates or change in pH of the spray solution, while biological 

incompatibility occurs at plant or soil surface.  Defining compatibility of glyphosate with 

other agrochemicals is important in assisting growers and their advisors as they make 

decisions on co-application of these products. 

  

Italian ryegrass has spread across the southeastern United States and it is one of the most 

common and problematic weeds in small grains (Webster, 2000).  Italian ryegrass is also 

common weed found in reduced tillage fields.  Glyphosate is more effective than other non-

selective herbicides applied to control Italian ryegrass (Guy, 1995; Jordan and Sanders, 1999; 

York and Culpepper, 2001).  Nonetheless, uneven control of Italian ryegrass with glyphosate 

has been reported (Rankins et al., 1995).  Rankins et al. (1995) speculated that irregular 

control was related with its growth stage.  Other factors that can affect glyphosate efficacy 

are weather conditions, especially cooler temperature (Jordan et al., 2001).  
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Although the effect of water quality on glyphosate has been reported in other geographical 

regions of the United States, the role of water quality on glyphosate efficacy in North 

Carolina has not been extensively documented.  Research was conducted to determine if 

glyphosate efficacy is affected by water sources collected from different regions of North 

Carolina, selected fertilizer solutions, and herbicides.  Experiments were also conducted to 

compare absorption and translocation of 
14

C-glyphosate in Italian ryegrass and to determine 

pH and formation of precipitates when glyphosate is included with different water sources 

and other agrochemicals.  

 

Materials and Methods 

Constituents of water sources and fertilizer solutions: In 2008, water from thirty-seven 

sources was collected from different municipalities or farming operations in North Carolina.  

Water sources were stored in the dark at room temperature.  Water sources and four fertilizer 

solutions (boron
1
, calcium

2
, manganese

3
, and zinc

4
) were analyzed by North Carolina 

Department of Agriculture and Consumer Services-Agronomic Division laboratory for a 

range of constituents including calcium, magnesium, sodium, zinc, boron, pH, and hardness 

(Table 1).  Fertilizer solutions were prepared based on manufacturer‟s suggested use rate 

(Table 2).  These solutions were used for field, greenhouse, 
14

C-glyphosate absorption and 

translocation, and physiochemical compatibility studies.  
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Influence of water quality and other agrochemicals on glyphosate efficacy: Experiments 

were conducted in North Carolina at the Central Crops Research Station near Clayton and at 

the Upper Coastal Plain Research Station near Rocky Mount during 2008, 2009, and 2010.  

Soils were a Johns sandy loam (fine-loamy over sandy, siliceous, semiactive, thermic Aquic 

Hapludults) at Clayton and a Goldsboro fine sandy loam (fine-loamy, siliceous, subactive, 

thermic Aquic Paleudults) at Rocky Mount.  Thirty-seven water sources were used as carrier 

with glyphosate
5
.  Other treatments included glyphosate applied with boron, calcium, 

manganese, and zinc and in deionized water to all weed species.  Glyphosate was also 

applied with acifluorfen
6
, cloransulam-methyl

7
, dicamba

8
, pyrithiobac-Na

9
, and 

trifloxysulfuron-Na
10

 to control fall panicum, goosegrass, large crabgrass, Palmer amaranth, 

and tall morningglory.  To control cereal rye, common lambsquarters, common ragweed, 

Italian ryegrass, and wheat, glyphosate was applied with dicamba, flumioxazin
11

, 

glufosinate
12

, thifensulfuron-methyl plus tribenuron-methyl
13

, and 2,4-D
14

.  These respective 

grouping of herbicides, and weed species reflected possible in-season and preplant 

applications.  Treatments were applied when species were 20-25 cm in height except when 

glyphosate was applied to cereal rye (60 cm in height).  Glyphosate was applied at 945 g 

ae/ha in 140 L/ha for the control of goosegrass, large crabgrass, Palmer amaranth, and tall 

morningglory or 629 g/ha in 94 L/ha for the control of cereal rye, common lambsquarters, 

common ragweed, fall panicum, Italian ryegrass, and wheat.  The ratio of glyphosate rate and 

carrier volume was same in all the years.  The carrier volume was reduced in 2009 in order to 

conserve water for greenhouse, 
14

C-glyphosate absorption and translocation, and 

physiochemical compatibility studies.  Herbicides were applied with a CO2-pressurized 
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backpack sprayer calibrated to deliver 140 or 94 L/ha using flat-fan nozzles
15

at the 

manufacturer‟s suggested rate (Table 2).  

 

The experimental design was a randomized complete block with four replications.  Plot size 

was 2.4 m X 4.5 m in non-cropland areas with uniform populations of weeds.  At least two 

experiments were conducted for each species.  Visual estimates of percent control were 

recorded 3 weeks after treatment (WAT) using a scale of 0 to 100 where 0 = no weed control 

and 100 = complete weed control (Frans et al., 1986).  Foliar chlorosis, necrosis, tissue 

distortion, and plant stunting were considered when making the visual estimates. 

 

Italian ryegrass control at different growth stages: Glyphosate was applied to Italian 

ryegrass simultaneously at seedling, tillering, jointing, and heading stages of growth at 787 

g/ha in the 37 water sources, deionized water, and fertilizer solutions described in the field 

experiments.   Italian ryegrass was planted in 0.9 L plastic pots containing potting mix
16

.  

Each stage of Italian ryegrass was planted at intervals 7 to 10 days apart.  Plants were 

watered three times daily with overhead irrigation to maintain optimum soil moisture.  The 

greenhouse was maintained at 32 ± 5
 
C, and natural lighting was supplemented for 12 h each 

day with metal halide lighting (400 μmol m
2
/s).  Plants were fertilized with Peter‟s 

Professional Blend
17

 20-20-20 water soluble fertilizer as needed to maintain good growth.  

 

The experimental design was a randomized complete block with treatments replicated four 

times and the experiment was repeated.  Plants were thinned to three plants per pot before 
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treatment.  Plants were selected for treatment when average height was 57 cm, 35 cm, 15 cm, 

and 7 cm at heading, jointing, tillering, and seedling stages, respectively.  Treatments were 

applied with a CO2-pressurized backpack sprayer calibrated to deliver 94 L/ha using flat-fan 

nozzles
15

.  Visual estimates of percent Italian ryegrass control were recorded at 3 WAT using 

the scale described previously.  Plants were excised at the soil level and were dried for 72 h 

at 60 C to determine dry weight.  Percent reduction in dry weight was calculated with respect 

to non-treated Italian ryegrass. 

 

Influence of water quality and other agrochemicals on 
14

C-glyphosate absorption and 

translocation: Italian ryegrass was planted in 0.9 L plastic pots containing potting mix
16

 and 

grown as described previously.  Plants were thinned to one plant per pot and were fertilized 

as described previously.  Plants were selected for 
14

C-glyphosate treatment at tillering stage 

with an average height of 25 cm.  Treatments included the application of 
14

C-glyphosate
18

 

applied with the thirty-seven water sources and four fertilizer solutions discussed previously. 

14
C-glyphosate was also applied with deionized water.  The most fully expanded leaf (adaxial 

surface) was spotted with 10 μL of 
14

C-glyphosate solution using a microapplicator of 50 μL 

capacity.  Technical grade phosphono-methyl-
14

C-glyphosate with 2.035 GBq/mmole 

specific activity and 99% radiochemical purity was used.  The spotting solution contained 2.8 

μL of 
14

C-glyphosate diluted in 100 μL of deionized water with 0.125% (v/v) non-ionic 

surfactant
19

.  Glyphosate dose of 10 μL of spotting contained 1 kBq of radioactivity.  The 

experiment was conducted using a randomized complete block design with four replications 

and the experiment was repeated twice. 
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Plants were harvested at 6 hours after treatment and divided into the treated leaf and the 

remaining foliage.  The treated leaf included the blade, collar region, and sheath.  The treated 

leaf was subjected to a 1-min wash in deionized water to remove any 
14

C-glyphosate 

remaining on the leaf surface followed by a 1-min in chloroform
20

 wash to remove any 
14

C-

glyphosate in the epicuticular wax (Culpepper et al., 1999).  A 2-mL aliquot from each leaf 

wash was diluted in 15 mL scintillation liquid
21

 for quantification using liquid scintillation 

spectrometry
22

 (LSS).  Chloroform was allowed to vaporize prior to adding scintillation 

liquid to prevent quenching of LSS.  Plant parts were dried for 72 h at 60 C, ground, 

weighed, and combusted with a biological sample oxidizer
23

.  Radioactivity was quantified 

by LSS.  Absorption was expressed as addition of percent of total recovered 
14

C-glyphosate 

in treated and non-treated plant parts.  Distribution of 
14

C-glyphosate was expressed as a 

percent of the 
14

C-glyphosate recovered from non-treated section divided by total 
14

C-

glyphosate recovered from both plant sections.  Recovery of 
14

C-glyphosate was 

approximately 77% of 
14

C-glyphosate applied. 

 

Physiochemical compatibility of glyphosate with different water sources and other 

agrochemicals: Solutions identical to those used in the field were made in a final volume of 

80 mL in sterilized plastic specimen cups
24

 of 120 mL capacity.  After mixing different 

agrochemicals, solution was vortexed
25

 immediately and checked for precipitates followed 

by determining pH using a portable pH meter
26

.  Solutions were allowed to sit for 6 h after 

the time of mixing, checked for precipitates, vortexed, and re-checked again for precipitates 
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followed by pH determination.  Similarly, mixture was allowed to sit for 24 and 72 h after 

the initial solution preparation using the same procedure.  Presence or absence of precipitates 

was determined visually and described as Yes or No, respectively.  Any chemical depositions 

on the bottom of the specimen cup or presence of flakes in the solution were considered 

precipitates.  Experiments were conducted as a completely randomized design with two 

replications and the experiment was repeated.  

 

Statistical Analysis: Data from field, greenhouse, and physiochemical compatibility studies 

were subjected to analysis of variance (ANOVA) using the PROC GLM procedure of SAS
27

 

appropriate for the treatment structure.  Data for percentage of 
14

C-glyphosate in the water 

wash, chloroform wash, treated leaf, foliage other than treated leaf, 
14

C-glyphosate absorbed 

and translocated were subjected to ANOVA.  Means for significant main affects and 

interactions were separated using Fisher‟s Protected LSD at p ≤ 0.05.  F-statistic and Pearson 

correlation coefficients between weed control, pooled over experiments, and different water 

quality components were calculated by using the PROC CORR statement in SAS. 

 

Results and Discussion 

Considerable differences in calcium, hardness, sodium, and pH were noted when comparing 

water sources (Table 1).  Water sources from Forsyth (3), Hyde, Pitt, and Union (1) had 

calcium concentrations of 168, 46.9, 42.8, and 58 ppm, respectively.  These sources had high 

water hardness. Water sources from Bertie (3), Chatham, Hyde, Martin (2), and Martin (3) 

had pH  ≥ 8.0 (Table 1) and high concentrations of sodium (Table 1).  All water sources were 
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low in boron, manganese, and zinc (Table 1).  Water sources were also low in chloride, iron, 

total nitrogen, and turbidity (data not presented).  Concentrations of boron, calcium, 

manganese, and zinc in fertilizer solutions were 381, 1309, 795, and 125 ppm, respectively.  

Boron fertilizer solution had pH of 8.8 while manganese solution was highly acidic (pH = 

3.0) (Table 1). 

 

Influence of water quality and other agrochemicals on glyphosate efficacy: Significant 

interactions of experiment X treatment were observed for goosegrass, large crabgrass, Palmer 

amaranth, and tall morningglory control.  Palmer amaranth control by glyphosate was not 

affected when glyphosate was applied in most water sources compared to glyphosate applied 

in deionized water (Table 3).  In all three experiments, the range of Palmer amaranth control 

across water sources was 70-100% (Table 2).  Palmer amaranth control was affected by the 

water sources from Gaston and Union (5) in one experiment only.  The reduction in control 

may be due to the relatively higher concentration of calcium in these water sources (Table 1).   

 

Co-application of glyphosate with acifluorfen reduced Palmer amaranth control in one 

experiment (Table 3).  Reduction in barnyardgrass control was reported when acifluorfen 

was applied with glyphosate either 3 d after acifluorfen or when applied in mixture (Jordan et 

al., 1997).  In one experiment in 2009, glyphosate with pyrithiobac-sodium and 

trifloxysulfuron-sodium controlled Palmer amaranth more effectively than glyphosate alone 

applied in deionized water (Table 3).  Among fertilizer solutions, calcium, manganese, and 

zinc reduced Palmer amaranth control by glyphosate more than boron (Table 3).  The cause 
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of reduction in Palmer amaranth control can be attributed to the higher concentration of 

polyvalent cations in these fertilizer solutions which can interact with glyphosate in the 

solution and result in decreased absorption and translocation.  Scroggs et al. (2009) found 

reduction in the control of barnyardgrass, browntop millet [Urochloa ramosa (L.) Nguyen], 

and Palmer amaranth by 39, 39, and 45%, respectively, when glyphosate was co-applied with 

different concentrations of zinc.  Palmer amaranth control by glyphosate was reduced by 

boron in one experiment only (Table 3). 

 

Tall morningglory control by glyphosate was lower when applied in a water source from Pitt 

in one experiment compared to glyphosate in deionized water (Table 4).  Tall morningglory 

control was higher in one of the experiments when glyphosate was applied with acifluorfen, 

dicamba, and pyrithiobac-sodium compared with glyphosate alone in deionized water (Table 

4).  Literature showing these herbicides improving morningglories control by glyphosate 

should be readily available (Richardson et al., 2004; Vangessel et al., 2001).  Control of tall 

morningglory by glyphosate was reduced by fertilizer solutions containing calcium, 

manganese, and zinc but not by boron (Table 4).  

 

 Reductions in control of fall panicum by glyphosate were observed when applied in the 

water sources from Albemarle, Bertie (4), Bertie (5), Forsyth (2), Greene (2), Greene (3), 

Martin (4), Scottland, Union (4), Union (5), Wake, and Wayne compared with glyphosate 

applied in deionized water (Table 4).  Fall panicum control was not affected by co-applied 

herbicides but was affected by fertilizer solutions calcium, manganese, and zinc (Table 4). 
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Goosegrass and large crabgrass control by glyphosate was not affected by water sources with 

control ranging from 80 to100% (Table 5).  Glyphosate co-applied with other herbicides 

resulted in nearly complete control of both weeds except when glyphosate was applied with 

acifluorfen in one of the two experiments (Table 5).  The range in reduction of large 

crabgrass with co-application of glyphosate with calcium and zinc fertilizers was 11 to 59 

and 16 to 41 percentage points, respectively (Table 5).  However, these fertilizer solutions 

reduced goosegrass control by glyphosate in only one experiment.  

 

No significant interactions of experiment X treatments were noted for cereal rye, common 

lambsquarters, common ragweed, and wheat control by glyphosate.  Compared to application 

of glyphosate in deionized water, common lambsquarters and common ragweed control was 

reduced when glyphosate was applied in the water source Union (1) (Table 6).  Co-

application of glyphosate with flumioxazin, glufosinate, thifensulfuron-methyl plus 

tribenuron-methyl, and 2,4-D was similar to control by glyphosate in deionized water (Table 

6).  In contrast, co-application of glyphosate with dicamba controlled these weeds more 

effectively than glyphosate in deionized water (Table 6).  Calcium caused a 13 percentage 

point reduction in common lambsquarters control compared to glyphosate in deionized water 

(Table 6).  Previous studies by Nalewaja and Matysiak (1992) reported reduction in the 

control of wheat, sunflower (Helianthus annus L.), kochia (Kochia scoparia L.), and soybean 

by glyphosate when calcium was in the spray solution.  Fertilizer solutions containing 

manganese and zinc also decreased control of these weeds by glyphosate compared to 
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glyphosate in deionized water.  The reduction in control of common lambsquarters by zinc 

and manganese was 14 and 36 percentage points, respectively, while for common ragweed 

these respective fertilizer solutions reduced control 15 and 20 percentage points (Table 6). 

 

Water source did not affect cereal rye and wheat by glyphosate (Table 7).  Glufosinate was 

the only co-applied herbicide that reduced control of these weeds (Table 7).  Chuah et al. 

(2008) reported fresh weight reduction of goosegrass with co-application of glyphosate and 

glufosinate ammonium compared to glyphosate alone.  

Co-application of glyphosate with zinc fertilizer solution resulted in control nearly 50 

percentage points lower than glyphosate alone (Table 7).  Abouziena et al. (2009) reported 

reduction in the control of yellow nutsedge by 24% with the application of glyphosate with 

zinc at 1000 ppm concentration 21 d after application.  The concentration of zinc in our 

fertilizer solution was 125 ppm (Table 1). 

 

A significant interaction of experiment X treatment was observed for Italian ryegrass control.  

In most instances, Italian ryegrass control was not affected by water source (Table 7).  Italian 

ryegrass control by glyphosate was reduced when applied in water source from Bertie (1) in 

one experiment.  In both experiments, the range of Italian ryegrass control with water 

sources, including deionized water, was 73 to 86% (Table 7).  As it was noted for cereal rye 

and wheat, the mixture of glyphosate and glufosinate was less effective than glyphosate 

alone.  Additionally, dicamba reduced control by glyphosate in one experiment (Table 7).  

O‟Sullivan and O‟Donovan (1980) noted a reduction in glyphosate phytotoxicity to barley 
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(Hordeum vulgare L.), wheat, and wild oat (Avena fatua L.) when dicamba or 2,4-D were 

applied with glyphosate.  Fertilizer solutions containing calcium, manganese, and zinc 

reduced Italian ryegrass control by glyphosate in both experiments.  The range in reduction 

of Italian ryegrass control by glyphosate with calcium, manganese, and zinc fertilizer 

solutions was 17 to 28%, 12 to 14%, and 32 to 46%, respectively (Table 7).  Boron affected 

glyphosate efficacy in only one experiment (Table 7).  The negative effect of manganese on 

glyphosate efficacy in controlling different weed species has been reported previously 

(Bailey et al., 2002; Bernards et al., 2005a 2005b).  Bernards et al. (2005) suggested that 

manganese sulfate and lignin sulfonate chelate may dissociate into Mn
2+

 and lignin sulfonate 

and make complex with glyphosate, resulting in reduced absorption and efficacy.  

 

Differences in control of weed species by glyphosate applied in these water sources may be 

due in part to the variation in calcium concentration, pH (low or high), and hardness of water 

from these sources and time between mixing and spraying.  Water sources having high 

divalent concentration did not consistently affect glyphosate efficacy.  However, decreased in 

control by glyphosate applied with calcium, manganese and zinc fertilizers was relatively 

consistent across weed species.  Glyphosate solutions were applied within 2 h of mixing in 

all experiments.  Additionally, variation in interactions of glyphosate with other herbicides 

was inconsistent.  Interactions of glyphosate can be influenced by weed species and other 

application variables (Ambach and Ashford, 1982; Buhler and Burnside, 1983a, 1983b, 

1987; O‟Sullivan et al., 1981; Wyrill and Burnside, 1977).   
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Italian ryegrass control at different growth stages:  A significant interaction of treatment 

by growth stage was observed for Italian ryegrass control and percent reduction in dry 

weight.  The range of Italian ryegrass control with different treatments (glyphosate plus water 

sources including deionized water) was 74 to100%, 72 to 97%, 69 to 99%, and 74 to 96% 

applied at heading, jointing, tillering, and seedling stages, respectively (Table 8).  Water 

sources did not affect glyphosate efficacy when applied at heading compared to glyphosate in 

deionized water.  However, glyphosate efficacy was affected by water source when applied 

at the seedling, tillering, and jointing stages (Table 8).  Application of glyphosate with the 

water sources Bertie (4), Bertie (5), Forsyth (3), Greene (1), Hyde, Martin (1), Union (1), and 

Union (2) reduced Italian ryegrass control by glyphosate at the jointing stage compared to 

glyphosate applied in deionized water (Table 8).  At tillering, the water source from 

Albemarle, Bertie (5), and Jackson reduced glyphosate efficacy while Bertie (4), Bertie (5), 

Forsyth (1), Greene (2), Martin (1), Martin (2), Pitt, Union (2), and Wayne water sources 

reduced Italian ryegrass control at the seedling stage (Table 8).  The water source Bertie (4), 

Martin (1), and Union (2) consistently reduced glyphosate efficacy at seedling and jointing 

growth stages of Italian ryegrass.  Applying glyphosate in the Bertie (5) water source reduced 

efficacy when Italian ryegrass was at seedling, tillering, and jointing stages (Table 8).  All 

four fertilizer solutions reduced glyphosate efficacy regardless of growth stage (Table 8).  

The negative effect of calcium on glyphosate efficacy was generally higher during tillering 

and seedling stages (Table 8).  At both of these growth stages, calcium fertilizer solution 

caused 67 percentage points lower Italian ryegrass control compared to glyphosate in 

deionized water (Table 8).  At jointing, application of calcium, manganese, and zinc with 
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glyphosate resulted in almost 50 percentage points lower control than glyphosate in 

deionized water (Table 8).  The effect of manganese and zinc on glyphosate was similar 

during heading stage.  Among all the four fertilizer solutions, boron had the least affect on 

glyphosate efficacy.  Scroggs et al. (2005) demonstrated no reduction in the control of pitted 

morningglory (Ipomoea lacunosa L.), hemp sesbania, sicklepod [Senna obtusifolia (L.)], 

barnyardgrass [Echinochloa crus-galli (L.)], and johnsongrass [Sorghum halepense (L.)] with 

the co-application of glyphosate with boron.  

 

The water sources Bertie (4), Bertie (5), Forsyth (3), Greene (1), Hyde, Martin (3), and 

Union (1) decreased percent reduction in dry weight of Italian ryegrass when applied at the 

jointing stage (Table 9).  Only one water source, Bertie (5), affected percent reduction in dry 

weight by glyphosate at tillering stage compared to glyphosate applied in deionized water 

(Table 9).  None of the water sources reduced efficacy of glyphosate when applied at heading 

or seedling stages (Table 9).  When compared with glyphosate in deionized water, fertilizer 

solutions reduced efficacy of glyphosate.  Among all the growth stages, fertilizer solutions 

reduced glyphosate efficacy with respect to percent reduction in dry weight the most at 

jointing stage and least at heading stage (Table 9).  Efficacy of glyphosate plus calcium 

compared to glyphosate plus deionized water was 17, 55, 42, and 40 percentage points lower 

at heading, jointing, tillering, and seedling stages, respectively (Table 9).  At the jointing 

stage, applying glyphosate with calcium, manganese, and zinc fertilizers caused a more than 

50 percentage point reduction in control of Italian ryegrass compared to glyphosate in 

deionized water (Table 9).  The negative effect of manganese and zinc on glyphosate efficacy 
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was greatest during heading and jointing stages.  In outdoor container studies, Scroggs et al. 

(2009) found 32 and 18%, 45 and 39%, 50 and 38%, 34 and 38%, and 58% reduction of fresh 

weights of barnyardgrass, hemp sesbania, johnsongrass [Sorghum halepense (L.) Pers.], 

ivyleaf morningglory (Ipomoea hederacea Jacq.), and redroot pigweed (Amaranthus 

retroflexus L.), respectively when glyphosate was applied with 7 and 10% zinc sulfate.  

Boron had least affect on biomass reduction by glyphosate at different growth stages except 

at heading stage (Table 9).  

 

Influence of water quality and other agrochemicals on 
14

C-glyphosate absorption and 

translocation: Minor differences in absorption and translocation 
14

C-glyphosate were noted 

when comparing water sources.  More than 90% of the total applied 
14

C-glyphosate was 

recovered from leaf washes (deionized water and chloroform) and oxidized plant parts (Table 

10).  
14

C-glyphosate recovered in chloroform washings was less than 3% in most of the water 

sources and fertilizer solutions.  The low percentage of 
14

C-glyphosate found in the 

epicuticular wax was unexpected due to the polar nature of glyphosate (Wyrill and Burnside, 

1976).  The ranges of percent 
14

C-glyphosate in treated leaf and non-treated leaf in Italian 

ryegrass were 2.4 to 17.5 and 1.0 to 17.9, respectively (Table 10).  Absorption of 
14

C-

glyphosate in Italian ryegrass was 26% or less when applied in different water sources and 

fertilizer solutions (Table 10).  Absorption did not differ compared with 
14

C-glyphosate in 

deionized water regardless of water source.  When compared to 
14

C-glyphosate with 

deionized water, distribution of 
14

C-glyphosate was higher when applied with the water 

sources Caswell, Chatham, Forsyth (2), Forsyth (3), Greene (1), Hyde, Jackson, Martin (1), 
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Martin (4), Mecklenburg, Scottland, Stokes, Union (1), Union (2) Union (3), and Wake 

(Table 10).  Although few differences in absorption and translocation were observed at 6 

HAT, water sources and fertilizer solutions may have affected 
14

C-glyphosate absorption and 

translocation if harvest time had been delayed.   Nadula et al. (2008) reported 
14

C-glyphosate 

absorption was 43% after 24 hours after treatment in susceptible population of Italian 

ryegrass.  In our study, average 
14

C-glyphosate absorbed in the treated leaf was 7% and 

average translocated in the rest of the plant was 5% (Table 10).  Previous researches 

demonstrated the reduction in foliar absorption of 
14

C-glyphosate when co-applied with 

calcium, iron, magnesium, manganese, and zinc (Abouziena et al., 2009; Nilsson, 1985; 

Thelen et al., 1995; Wills and McWhorter, 1985).  In our study, the harvest interval most 

likely was too short to clearly define differences in absorption and translocation of 
14

C-

glyphosate as influenced by water sources and fertilizer solutions.  

 

Physiochemical compatibility of glyphosate with different water sources and other 

agrochemicals: Addition of glyphosate changed initial pH of all the water sources, deionized 

water, herbicides solutions, and fertilizer solutions to acidic pH (Table 11).  The sudden 

decrease in pH was attributed to the acidic properties of the glyphosate.  For instance, the 

water sources from Bertie (3), Chatham, Greene (2), Hyde, Martin (2), and Martin (3), and 

boron solution had initial pH exceeding 8.0 (Table 11). Glyphosate reduced pH of these 

water sources and boron solution to 5.0 or 5.50, respectively (Table 11).  In contrast, 

glyphosate increased pH of Forsyth (2), Martin (4), Scottland water sources from 3.8 or 3.9 

to 4.5 (Table 11).  Among herbicides, the change in pH was less when acifluorfen was 
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included with glyphosate (Table 11).  Glyphosate mixing with manganese increased solution 

pH (Table 11).  In the presence of glyphosate, fertilizer solutions calcium and zinc had pH 

approximately 4.40 and 3.77, respectively, at the four time intervals after mixing (Table 11).  

The pH measured for different treatments at the time of mixing did not vary across time 

intervals of 0, 6, 24, and 72 h after mixing.  

 

No precipitates formed in spray solutions when comparing across time intervals of 0, 6, 24, 

and 72 h after glyphosate solutions were prepared in different water sources or fertilizer 

solutions (Table 12).  However, addition of glyphosate to cloransulam-methyl, flumioxazin, 

thifensulfuron-methyl plus tribenuron-methyl, and trifloxysulfuron-sodium resulted in 

formation of precipitates at 0, 6, 24, and 72 h after mixing (Table 12).  These precipitates 

were not permanent and went back into solution after vortexing at each time interval (Table 

12).  Results from these experiments demonstrated physiochemical compatibility of 

glyphosate with all the water sources, herbicides, and fertilizer solutions with respect to 

formation of precipitates.  

 

Percent weed control by glyphosate was negatively correlated with water quality components 

except sodium and pH (Tables 13 and 14).  Correlations for calcium for all the species except 

common lambsquarters and common ragweed were significant and negative (Table 13).  

Control of fall panicum and large crabgrass was negatively correlated with the concentration 

of calcium and hardness.  Previous research indicates reduction in control of broadleaf 

signalgrass, pitted morningglory, Palmer amaranth, and yellow nutsedge when calcium and 
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magnesium cation concentration was more than 250 parts per million in the co-application 

with glyphosate (Muller et al., 2006). 

F-statistic of Mg concentration and percent weed control was not significant for all weed 

species (Table 13).  The concentrations of iron (Fe) and zinc and control of cereal rye, Italian 

ryegrass, and wheat were highly negatively correlated which suggested that higher the 

concentration of these cations in the carrier will decrease control of these species by 

glyphosate (Table 14).  Scroggs et al. (2009) reported that increased in the reduction of 

control of barnyardgrass and browntop millet was higher when glyphosate was applied with 

10% zinc sulfate than with 7% zinc sulfate.  

Visual estimates of percent weed control for all weed species were negatively correlated with 

concentrations of iron, manganese, and zinc (Table 14). 

Significant correlations were observed for pH at different time intervals and control of 

different weed species except common lambsquarters, common ragweed, and tall 

morningglory (Table 15).  Control of cereal rye, goosegrass, large crabgrass, Italian ryegrass, 

Palmer amaranth, and wheat was highly correlated with pH at all time intervals after mixing 

(Table 15).  

 

In summary, these studies indicated a consistent decrease in weed control by glyphosate 

when co-applied with fertilizer solutions containing polyvalent cations.  Although some of 

the water sources were high in calcium, sodium, and possessed pH above 8.0, glyphosate 

efficacy was not affected consistently across weed species.  Additionally when a reduction in 

control was observed, the magnitude was relatively minor.  In contrast contact herbicides 
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such as acifluorfen and glufosinate reduced glyphosate efficacy, especially for annual 

grasses.  Greenhouse studies showed that fertilizer solutions consistently reduced glyphosate 

efficacy irrespective of the growth stage of Italian ryegrass.  Water source and fertilizer 

solutions had little effect on 
14

C-glyphosate absorption 6 hours after application compared 

with deionized water.  Glyphosate was physiochemically compatible with water sources, 

herbicides, and fertilizer solutions used in this study.  
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Source of Materials 

1
Nutrisol 10% B, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
2
Nutrisol 10% Ca, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
3
Nutrisol 8% Mn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
4
Nutrisol 8% Zn, Coastal Agrobusiness, Inc., Greenville, NC 27834. 

 
5
Roundup WEATHERMAX

®
 herbicide, Monsanto Company, St. Louis, MO 63167. 

 
6
Ultra Blazer herbicide

®
, BASF Corporation, Research Triangle Park, NC 27709. 

http://www.ncsu.edu/directory/moreinfo.php?username=tdisrael
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7
Firstrate herbicide

®
, Dow AgroSciences LLC, Indianapolis, IN. 

8
Clarity herbicide

®
, BASF Corporation, Research Triangle Park, NC 27709. 

9
Staple LX herbicide

®
, Dupont Crop Protection Co., Wilmington, DE 19898. 

10
Envoke herbicide

®
, Syngenta Crop Protection, Inc. Greensboro, NC 27419. 

11
Valor SX herbicide

®
, Valent U.S.A Corporation, Walnut Creek, CA 94596-8025. 

12
Ignite280 herbicide

®
, Bayer Cropscience P.O. Box 12014, T.W. Alexander Dr., Research 

Triangle Park, NC 27709. 

 
13

Harmony
 
Extra XP herbicide

®
, DuPont Agricultural Products, Crop Protection, 

Wilmington, DE 19898. 

 
14

Weedar 64 herbicide
®

, Nufarm Americas Inc. Burr Ridge, IL 60527. 

15
TeeJet TP8002 flat-fan spray nozzles, Spraying Systems Co., P.O. Box 7900, Wheaton, 

IL 60189. 

 
16

 Metro Mix 200
®

, Scotts-Sierra Horticultural Products Company, Marysville, OH. 

17
 Peters Professional

®
 Water Soluble 20-20-20 Fertilizer, Scotts-Sierra Horticultural 

Products Company, Marysville, OH. 

 
18

 
14

C-Glyphosate, American Radiolabeled Chemicals, Inc.101 Arc Drive, St. Louis, MO  

63146-3506. 

 
19

 Induce®, blend of alkylarylpolyoxylkane ether, free fatty acids, and isopropyl (90%), and 

water and formulation acids (10%). Helena Chemical Corporation, 225 Schilling Blvd., 

Suite 300, Collierville, TN 38017. 

20
Chloroform, Fisher Scientific, 1 Reagent Lane, Fairlawn NJ 07410. 

21
 ScintiVerse

®
 BD cocktail, Scintanalyzed, Fisher Scientific, 1 Reagent Lane, Fairlawn, NJ. 

22
 Packard TRI-CARB 2100TR Liquid Scintillation Spectrometer, Packard Instrument 

Company, 2200 Warrenville Road, Downers Grove, IL 60515. 

 
23

 Model OX-500 Biological Material Oxidizer, R.J. Harvey Instrument Corp., 123 Patterson 

Street, Hillsdale, NJ 07642. 
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24
Specimen cup120mL-53 ST ORG CAP, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 

07410. 

 
25

Vortex Genie 2
TM

, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

26
Oakton portable pH meter, Fischer Scientific, 1 Reagent Lane, Fairlawn, NJ 07410. 

27
 Statistical Analysis Systems®, version 9.1, SAS Institute Inc., SAS Campus Drive, Cary, 

NC 27513. 
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    Table 1. Analysis report of thirty seven water sources collected from various locations of North Carolina and four fertilizer solutions. 
 

Source Ca2+ B Mn2+ Zn2+ Na+ Hardness pH 

 _________________________________________ppm______________________________________  

Water sources        

Albemarle  31.5 0.1 0.0 0.03 36.8 104 7.5 

Bertie (1)  7.7 0.03 0.0 0.02 38.3 31 6.7 

Bertie (2)  19.0 0.2 0.0 0.05 44.3 77 7.7 

Bertie (3)  1.9 1.8 0.0 0.0 122 10 8.2 

Bertie (4)  10.2 0.07 0.0 0.05 37.5 40 6.9 

Bertie (5)  19.6 0.2 0.0 0.02 46.0 79 7.8 

Bertie (6)  9.8 1.2 0.0 0.0 94.6 48 7.3 

Caswell  8.6 0.08 0.02 0.24 58.4 36 6.7 

Chatham  1.9 0.6 0.0 0.01 80.4 10 8.1 

Forsyth (1)  9.5 0.1 0.0 0.16 9.4 31 6.5 

Forsyth (2)  8.7 0.02 0.14 0.22 6.61 35 3.9 

Forsyth (3)  168 0.01 0.0 0.01 13.5 440 6.7 

Gaston  29.7 0.04 0.0 0.02 30.8 100 7.4 

Greene (1)  2.7 0.1 0.0 0.04 31.7 16 7.4 
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Table 1 continued        

Greene (2)  1.1 10.3 0.01 0.0 237 7 7.9 

Greene (3)  3.1 0.1 0.0 0.01 30.8 17 7.6 

Hyde  46.9 0.5 0.0 0.03 65.7 351 8.0 

Jackson  7.8 0.0 0.06 0.05 16.8 37 6.0 

Johnston (1)  11.6 0.02 0.0 0.34 10.5 39 6.9 

Johnston (2)  11.4 0.02 0.0 0.12 6.6 47 6.8 

Martin (1)  33.6 0.1 0.0 0.01 13.8 145 7.9 

Martin (2)  0.9 6.5 0.0 0.02 258 7 8.1 

Martin (3)  1.7 1.2 0.0 0.01 158 9 8.0 

Martin (4)  3.2 0.02 0.04 0.03 3.9 42 3.8 

Mecklenburg  5.7 0.0 0.0 0.03 4.4 22 6.5 

Orange  7.8 0.03 0.0 0.04 38.4 31 6.8 

Pitt  42.8 0.05 0.04 0.03 6.7 125 7.8 

Scottland  3.2 0.03 0.02 0.59 7.8 12 3.8 

Stokes  4.8 0.0 0.0 0.08 5.4 23 6.7 

Union (1)  58.1 0.01 0.0 0.01 37.3 252 7.7 

Union (2)  21.3 0.0 0.0 0.09 17.9 95 6.7 

Union (3)  0.9 0.0 0.0 0.01 6.1 4.0 6.7 
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Table 1 continued        

Union (4)  10.2 0.09 0.0 0.02 26.6 42 6.6 

Union (5)  35.8 0.01 0.0 0.01 10.9 117 7.2 

Wake  7.3 0.04 0.0 0.06 36.0 31 6.7 

Washington  35.3 0.06 0.0 0.02 13.9 107 7.6 

Wayne  9.2 0.08 0.0 0.19 59.9 38 6.8 

Deionized water  0.0 0.0 0.0 0.0 0.0 0.0 6.30 

Fertilizers        

Boron 1.64 381 0.01 0.0 0.6 6 8.8 

Calcium  1309 0.4 0.2 0.03 1.4 0.4 6.1 

Manganese 3.84 2.2 795 2.4 15.6 20 3.0 

Zinc 8.40 7.2 1.3 125 5.4 32 4.6 
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Table 2. Application rates of agrochemicals used in the field and physiochemical compatibility studies. 

Agrochemicals  Trade name Classification Rate  

Herbicides    

Acifluorfen  Ultra Blazer Herbicide 272 g ai/ha 

Cloransulam-methyl  First Rate Herbicide 6 g ai/ha 

Dicamba  Clarity Herbicide 272 g ae/ha 

Flumioxazin  ValorSX Herbicide 69 g ai/ha 

Glufosinate  Ignite280 Herbicide 469 g ai/ha 

Glyphosate Roundup WEATHERMAX Herbicide 945 g ae/ha  

 629 g ae/ha  

Pyrithiobac-Na  StapleLX Herbicide 106 g ai/ha 

Thifensufuron-methyl plus 

tribenuron-methyl  

Harmony Extra XP® Herbicide 15 g ai/ha 

Trifloxysulfuron-Na Envoke Herbicide 5 g ai/ha 

2,4-D Weedar Herbicide 531 g ai/ha 

Fertilizers    

Boron solution Nutrisol 10% B Fertilizer 2.34 L/ha 

Calcium solution Nutrisol 10% Ca Fertilizer 2.34 L/ha 

Manganese solution Nutrisol 8% Mn Fertilizer 2.34 L/ha 

Zinc solution Nutrisol 10% Zn Fertilizer 2.34 L/ha 

 
 

 

 

 

 

 

 

  



403 

 

 

Table 3. Palmer amaranth control 21 days after application by glyphosate when applied alone in water sources 

collected from North Carolina, in deionized water, or with other agrochemicals.a 

 

 

Source 

 Clayton, 2008   

Clayton, 2009  Field 1  Field 2  

 
 _______________________________________%_______________________________________

 

Water sources     

Albemarle   100  100  79 

Bertie (1)   90  94  81 

Bertie (2)   90  100  75 

Bertie (3)   85  91  78 

Bertie (4)   93  98  80 

Bertie (5)   95  90  79 

Bertie (6)   88  93  79 

Caswell   94  90  84 

Chatham   94  75  86 

Forsyth (1)   95  88  86 

Forsyth (2)   98  90  74 

Forsyth (3)   89  94  74 

Gaston   70  100  80 

Greene (1)   93  88  80 

Greene (2)   90  95  74 

Greene (3)   93  80  84 

Hyde   95  98  78 

Jackson   100  93  78 

Johnston (1)   90  74  75 

Johnston (2)   95  93  78 

Martin (1)   98  88  78 
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Table 3 continued       

Martin (2)   86  91  80 

Martin (3)   86  80  78 

Martin (4)   99  88  79 

Mecklenburg   95  81  80 

Orange   96  91  80 

Pitt   91  83  83 

Scottland   93  93  78 

Stokes   90  90  83 

Union (1)   100  95  71 

Union (2)   99  93  84 

Union (3)   93  83  85 

Union (4)   90  96  74 

Union (5)   76  100  83 

Wake   96  95  83 

Washington   95  86  79 

Wayne   100  90  74 

Deionized water  98  83  79 

Herbicides       

Acifluorfen  55  88  73 

Cloransulam-methyl  100  89  81 

Dicamba  99  95  75 

Pyrithiobac-sodium  100  96  94 

Trifloxysulfuron-sodium  93  81  93 

Fertilizer solutions       

Boron  91  86  66 
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Table 3 continued       

Calcium   39  81  35 

Manganese  63  93  38 

Zinc  33  93  34 

LSD (0.05)   17  17  12 

 

aGlyphosate applied at 945 g ae/ha. 
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Table 4. Tall morningglory control 21 days after application by glyphosate when applied alone in water  

sources collected from North Carolina, in deionized water, or with other agrochemicals.a 

 

 

 

Source 

 Tall morningglory   

 Clayton, 2008  Fall panicum 

 Field 1 Field 2  Clayton, 2008 

  __________________________________%_________________________________ 

Water sources     

Albemarle   85  46  79 

Bertie (1)   63  54  90 

Bertie (2)   73  59  90 

Bertie (3)   70  44  86 

Bertie (4)   78  56  79 

Bertie (5)   79  65  80 

Bertie (6)   55  48  98 

Caswell   76  60  91 

Chatham   71  58  96 

Forsyth (1)   69  79  90 

Forsyth (2)   78  59  79 

Forsyth (3)   68  56  93 

Gaston   75  65  88 

Greene (1)   73  58  88 

Greene (2)   80  55  75 

Greene (3)   69  61  71 

Hyde   73  49  88 

Jackson   61  73  89 

Johnston (1)   70  61  94 

Johnston (2)   81  55  91 
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Table 4 continued       

Martin (1)   75  58  88 

Martin (2)   60  55  85 

Martin (3)   69  55  90 

Martin (4)   64  59  80 

Mecklenburg   61  54  90 

Orange   73  69  89 

Pitt   78  39  83 

Scottland   64  50  79 

Stokes   81  56  93 

Union (1)   80  56  89 

Union (2)   63  56  91 

Union (3)   80  44  90 

Union (4)   79  59  81 

Union (5)   94  56  75 

Wake   71  58  79 

Washington   84  61  88 

Wayne   74  50  80 

Deionized water  69  59  94 

Herbicides       

Acifluorfen  61  88  98 

Cloransulam-methyl  70  58  91 

Dicamba  98  73  91 

Pyrithiobac-sodium  83  83  100 

Trifloxysulfuron-sodium  74  60  86 

Fertilizer solutions       
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Table 4 continued       

Boron  58  39  93 

Calcium   25  43  49 

Manganese  46  43  70 

Zinc  41  31  73 

LSD (0.05)   23  17  12 

 

aGlyphosate applied at 945 g ae/ha. 
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Table 5. Large crabgrass and goosegrass control 21 days after application by glyphosate when applied alone in 

water sources collected from North Carolina, in deionized water, or with other agrochemicals.a 

 

 

 

Source 

 Clayton, 2008 

 Large crabgrass  Goosegrass 

 Field 1 Field 2  Field 1 Field 2  

  ___________________________________%_________________________________ 

Water sources       

Albemarle   98 95  98 90 

Bertie (1)   89 98  88 94 

Bertie (2)   94 100  94 100 

Bertie (3)   98 100  98 96 

Bertie (4)   100 95  100 100 

Bertie (5)   85 96  80 96 

Bertie (6)   86 100  85 100 

Caswell   95 98  93 98 

Chatham   100 91  100 100 

Forsyth (1)   93 98  93 98 

Forsyth (2)   95 100  94 100 

Forsyth (3)   93 100  88 95 

Gaston   95 100  95 100 

Greene (1)   88 95  88 95 

Greene (2)   95 100  93 98 

Greene (3)   98 100  98 100 

Hyde   94 100  94 95 

Jackson   95 98  100 98 

Johnston (1)   95 95  95 95 

Johnston (2)   98 100  98 100 
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Table 5 continued       

Martin (1)   86 100  86 100 

Martin (2)   93 96  88 96 

Martin (3)   88 90  91 98 

Martin (4)   95 100  95 100 

Mecklenburg   98 100  98 100 

Orange   86 100  86 100 

Pitt   86 95  89 100 

Scottland   96 96  96 98 

Stokes   80 98  80 98 

Union (1)   85 96  85 96 

Union (2)   91 94  91 98 

Union (3)   89 91  94 96 

Union (4)   95 100  95 95 

Union (5)   91 100  91 100 

Wake   93 95  89 100 

Washington   95 95  93 95 

Wayne   88 95  88 95 

Deionized water  89 100  89 100 

Herbicides       

Acifluorfen  74 96  73 100 

Cloransulam-methyl  94 100  91 98 

Dicamba  98 100  95 100 

Pyrithiobac-sodium  94 96  94 100 

Trifloxysulfuron-sodium  89 100  89 100 

Fertilizer solutions       
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Table 5 continued       

Boron   93 98  93 100 

Calcium  30 89  39 93 

Manganese  69 98  69 98 

Zinc  48 84  58 95 

LSD (0.05)  12 8  14 8 

 
aGlyphosate applied at 945 g ae/ha. 
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          Table 6. Common ragweed and common lambsquarters control 21 days after application by  

                glyphosate when applied alone in water sources collected from North Carolina, in deionized  

                water, or with other agrochemicals.a 

 

 

Source 

 Clayton, 2009b 

 Common ragweed  Common lambsquarters 

  _________________________%________________________ 

Water sources    

Albemarle   68  81 

Bertie (1)   63  69 

Bertie (2)   65  67 

Bertie (3)   70  71 

Bertie (4)   66  68 

Bertie (5)   70  74 

Bertie (6)   71  71 

Caswell   66  76 

Chatham   68  71 

Forsyth (1)   69  72 

Forsyth (2)   68  74 

Forsyth (3)   68  72 

Gaston   68  69 

Greene (1)   69  64 

Greene (2)   65  73 

Greene (3)   72  74 

Hyde   64  71 

Jackson   72  76 

Johnston (1)   71  77 

Johnston (2)   66  72 
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Table 6 continued     

Martin (1)   69  73 

Martin (2)   64  64 

Martin (3)   71  76 

Martin (4)   71  71 

Mecklenburg   61  68 

Orange   64  73 

Pitt   71  73 

Scottland   66  66 

Stokes   69  76 

Union (1)   61  62 

Union (2)   68  71 

Union (3)   67  71 

Union (4)   70  78 

Union (5)   68  73 

Wake   68  78 

Washington   66  69 

Wayne   68  72 

Deionized water  69  73 

Herbicides     

Flumioxazin  71  78 

Dicamba  89  84 

Glufosinate  73  73 

Thifensulfuron-methyl plus 

tribenuron-methyl 

 69  77 

2,4-D  73  83 
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            aGlyphosate applied at 629 g ae/ha. 

 

         bData are pooled over two experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fertilizer solutions     

Boron  61  64 

Calcium   63  60 

Manganese  49  37 

Zinc  54  59 

LSD (0.05)   8  10 

Table 6 continued 
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Table 7. Wheat, cereal rye, and Italian rye control 21 days after application by glyphosate when applied alone  

in water sources collected from North Carolina, in deionized water, or with other agrochemicals.a 

 

 

 

Source   

   Clayton, 2010 

Clayton, 2009b  Italian ryegrass 

Wheat Cereal rye  Field 1 Field 2 

 
______________________________________%____________________________________ 

Water sources      

Albemarle  100 100  78 86 

Bertie (1)  99 99  56 84 

Bertie (2)  100 100  80 81 

Bertie (3)  98 100  81 83 

Bertie (4)  100 100  80 84 

Bertie (5)  100 100  80 84 

Bertie (6)  99 100  79 80 

Caswell  99 99  81 81 

Chatham  98 100  81 79 

Forsyth (1)  100 100  80 81 

Forsyth (2)  100 100  80 83 

Forsyth (3)  98 100  80 85 

Gaston  98 100  80 80 

Greene (1)  100 100  80 81 

Greene (2)  100 100  84 84 

Greene (3)  98 99  80 81 

Hyde  100 100  76 80 

Jackson  98 89  79 83 

Johnston (1)  100 100  79 81 

Johnston (2)  100 98  80 83 
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Table 7 continued      

Martin (1)  100 97  80 81 

Martin (2)  100 100  78 84 

Martin (3)  100 100  81 84 

Martin (4)  100 100  78 80 

Mecklenburg  98 100  85 84 

Orange  95 100  81 80 

Pitt  100 100  81 84 

Scottland  100 100  85 81 

Stokes  100 100  80 85 

Union (1)  99 100  80 81 

Union (2)  100 100  80 81 

Union (3)  100 100  83 81 

Union (4)  99 100  81 84 

Union (5)  100 100  79 80 

Wake  99 100  73 84 

Washington  99 100  80 81 

Wayne  100 99  81 81 

Deionized water  100 100  80 83 

Herbicides      

Flumioxazin 100 100  81 83 

Dicamba 99 99  69 84 

Glufosinate 81 93  58 71 

Thifensulfuron-methyl plus 

tribenuron-methyl 

100 100  80 84 

2,4-D 99 99  83 84 
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aGlyphosate applied at 629 g ae/ha. 

 
bData are pooled over two experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 7 continued      

Fertilizer solutions      

Boron 86 98  70 81 

Calcium  74 80  52 66 

Manganese 76 82  68 69 

Zinc 54 43  34 51 

LSD (0.05) 7 4  8 7 
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Table 8. Italian ryegrass control 21 days after application by glyphosate when applied alone  

in water sources collected from North Carolina, in deionized water, or with other agrochemicals.a 

 

 

 

Source 

Stages of Italian ryegrassb 

 

Seedling  

 

Tillering  

 

Jointing  

 

Heading  

 ____________________________%___________________________ 

Water sources  

Albemarle  85 76 89 97 

Bertie (1)  89 91 92 90 

Bertie (2)  92 94 89 91 

Bertie (3)  89 93 87 97 

Bertie (4)  83 92 84 82 

Bertie (5)  78 69 72 81 

Bertie (6)  94 92 87 91 

Caswell  86 89 89 85 

Chatham  85 96 92 96 

Forsyth (1)  84 95 95 94 

Forsyth (2)  89 92 96 87 

Forsyth (3)  92 96 81 79 

Gaston  88 88 90 97 

Greene (1)  85 95 77 75 

Greene (2)  74 95 89 83 

Greene (3)  91 95 88 82 

Hyde  89 96 83 82 

Jackson  89 80 91 75 

Johnston (1)  89 92 97 83 

Johnston (2)  88 89 96 86 
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  aGlyphosate applied at 787 g ae/ha. 

 

  bData are pooled over two experiments.  

Table 8 continued     

Martin (1)  83 89 81 92 

Martin (2)  82 94 91 94 

Martin (3)  92 91 85 83 

Martin (4)  88 91 89 89 

Mecklenburg  87 94 87 88 

Orange  92 86 89 100 

Pitt  77 90 94 90 

Scottland  85 89 84 93 

Stokes  89 89 89 87 

Union (1)  85 98 79 74 

Union (2)  82 97 85 90 

Union (3)  90 91 88 92 

Union (4)  86 99 86 82 

Union (5)  85 99 90 88 

Wake  89 97 92 87 

Washington  96 96 92 97 

Wayne  81 92 90 84 

Deionized water  96 94 97 84 

Fertilizer solutions     

Boron 78 79 81 58 

Calcium  29 27 47 61 

Manganese 44 28 47 47 

Zinc 57 44 42 47 

LSD (0.05) 12 12 12 12 
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    Table 9. Italian ryegrass biomass reduction 21 days after application by glyphosate when 

    applied alone in water sources collected from North Carolina, in deionized water, or with  

    other agrochemicals.a 

 

 

 

Source 

Different growth stages of Italian ryegrassb 

 

Seedling  

 

Tillering  

 

Jointing  

 

Heading  

 ____________________________%___________________________ 

Water sources  

Albemarle  98 95 88 66 

Bertie (1)  99 95 84 57 

Bertie (2)  99 97 87 59 

Bertie (3)  98 97 88 62 

Bertie (4)  98 96 78 52 

Bertie (5)  96 82 65 50 

Bertie (6)  99 96 85 63 

Caswell  99 95 82 55 

Chatham  97 97 86 61 

Forsyth (1)  98 97 89 60 

Forsyth (2)  98 95 88 49 

Forsyth (3)  98 96 75 47 

Gaston  98 95 87 65 

Greene (1)  98 96 74 52 

Greene (2)  95 97 82 50 

Greene (3)  98 95 83 47 

Hyde  98 97 78 54 

Jackson  98 93 86 41 

Johnston (1)  98 95 87 52 
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Table 9 continued     

Johnston (2)  99 95 88 53 

Martin (1)  96 95 89 63 

Martin (2)  95 96 81 62 

Martin (3)  100 95 76 56 

Martin (4)  97 90 85 59 

Mecklenburg  98 96 83 56 

Orange  100 93 85 58 

Pitt  93 96 88 58 

Scottland  98 95 81 62 

Stokes  98 95 84 54 

Union (1)  99 97 68 40 

Union (2)  97 96 81 49 

Union (3)  100 94 87 60 

Union (4)  98 97 81 48 

Union (5)  98 97 90 52 

Wake  98 97 87 56 

Washington  100 96 88 63 

Wayne  96 96 80 50 

Deionized water 99 96 89 49 

Fertilizer solutions     

Boron 96 93 80 26 

Calcium  59 54 34 32 

Manganese 79 53 39 14 

Zinc 84 70 37 14 

LSD (0.05)  10 10 10 10 
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Table 9 continued 
  

 aGlyphosate applied at 787 g ae/ha. 

 

 bData are pooled over two experiments. 
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Table 10. Percent 14C-glyphosate recovered from leaf washings, oxidation of treated and untreated Italian ryegrass parts, and absorption and  

translocation in Italian ryegrass.a 

 

 

Source 

 

Deionized water 

 

Chloroform 

 

Treated leaf 

 

Non-treated leaf 

 

Absorbed 

 

Translocated 

 ____________________________________________________________%__________________________________________________________ 

Water sources       

Albemarle  92.7 1.3  4.8  1.5  5.8  26.8  

Bertie (1)  91.5 1.1  3.9  3.7  7.6  37.4  

Bertie (2)  86.2  1.1  7.4  2.7  10.1  28.5  

Bertie (3)  82.5 1.8  17.5  3.3  25.8 19.6  

Bertie (4)  87.0  1.0  9.2  3.3  18.0 21.4  

Bertie (5)  91.0  1.4  6.1  2.5  7.7  24.1 

Bertie (6)  85.4  1.5  10.9  3.3  14.3  23.7 

Caswell  81.0 1.3  5.4  12.2  17.8  51.7  

Chatham  71.9  1.6  11.1 17.9  26.4  57.7  

Forsyth (1)  91.1 1.3  4.3  1.8  7.4  25.8  

Forsyth (2)  82.9  1.0  7.6  10.7 19.1  49.5 

Forsyth (3)  92.2 0.9  3.0  7.1  10.2  51.8 

Gaston  90.6  1.2  4.6  4.9  12.2  33.6  
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Table 10 continued       

Greene (1)  84.5  2.1  5.3  13.6  13.2 74.0  

Greene (2)  83.2  1.7  14.3  4.1  16.8 22.9  

Greene (3)  93.5  1.0  4.9  1.2  5.4 24.2 

Hyde  86.1  1.1  6.3  12.1  18.4 55.1  

Jackson  93.0  1.2  4.0 2.2  4.8 40.1  

Johnston (1)  92.9  1.0  3.8  1.8  5.5 29.7 

Johnston (2)  92.7  1.0  3.9  1.0  4.6 22.6  

Martin (1)  90.2 1.1  5.0  4.2 8.5  46.1  

Martin (2)  80.0  2.9  14.8  4.5  26.6  23.4  

Martin (3)  85.1  1.3  15.7  5.7  21.5  27.4  

Martin (4)  84.7  2.7  6.1  10.3  16.9  48.8 

Mecklenburg  88.1 1.0  5.2  4.5  11.7  55.3  

Orange  91.9  1.0  5.1  1.9  6.3  30.2  

Pitt  85.3  1.1  8.9  6.1  15.1 29.1  

Scottland  89.6  1.3  5.1  4.0  9.1  49.9  

Stokes  93.2  1.3  2.4  2.3  5.5 36.6  

Union (1)  86.8  1.1  7.9  10.4  17.7  42.0  

Union (2)  88.9 1.2  4.3  5.1  9.4  55.4  
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aData are pooled over two experiments. 

Table 10 continued       

Union (3)  90.7  1.1  4.9  8.8  13.7  38.1  

Union (4)  94.9  0.9  5.1  1.2  4.2 32.5 

Union (5)  90.7 1.53  5.4  2.1  7.5 32.0 

Wake  93.7  0.9  3.7  1.9  5.4  37.9 

Washington  90.5  1.0  5.9  1.6  8.0 34.1  

Wayne  90.6  1.5  4.2  2.3  7.8 22.4  

Deionized water  93.1  0.9  5.1  1.2  5.9  19.6  

Fertilizer solutions       

Boron 91.4  0.8  7.1  2.3  7.8  19.5 

Calcium 84.0  1.1  12.1  2.9  16.6  25.8 

Manganese 90.9  1.0  6.7  2.2  8.0  28.7 

Zinc 88.4  1.51  11.2  0.9  10.7 9.1  

LSD (0.05)  8.0 0.75 4.0 6.5 9.0 17.0 
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Table 11. Solution pH at different time intervals when glyphosate was mixed in water sources collected from 

North Carolina, in deionized water, or with other agrochemicals.a 

 
 

Source 

 

Initial pH 

 Hours after mixingb 

 0 6 24 72 

   _______________________________pH_____________________________ 

Water sources       

Albemarle  7.5  4.83 4.82 4.84 4.88 

Bertie (1)  6.7  4.66 4.65 4.66 4.71 

Bertie (2)  7.7  4.89 4.87 4.89 4.93 

Bertie (3)  8.2  4.94 4.96 4.97 5.01 

Bertie (4)  6.9  4.68 4.67 4.69 4.73 

Bertie (5)  7.8  4.86 4.86 4.88 4.91 

Bertie (6)  7.3  5.00 4.98 5.00 5.03 

Caswell  6.7  4.69 4.66 4.67 4.72 

Chatham  8.1  4.88 4.89 4.90 4.94 

Forsyth (1)  6.5  4.63 4.63 4.65 4.70 

Forsyth (2)  3.9  4.57 4.57 4.58 4.62 

Forsyth (3)  6.7  4.64 4.65 4.67 4.71 

Gaston  7.4  4.83 4.80 4.82 4.86 

Greene (1)  7.4  4.97 4.75 4.76 4.81 

Greene (2)  8.0  5.02 5.03 5.05 5.08 

Greene (3)  7.6  4.72 4.72 4.73 4.76 

Hyde  8.0  5.15 5.15 5.19 5.22 

Jackson  6.0  4.57 4.59 4.61 4.65 

Johnston (1)  6.9  4.67 4.66 4.67 4.70 

Johnston (2)  6.8  4.64 4.66 4.68 4.72 
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Table 11 continued       

Martin (1)  7.9  4.89 4.85 4.87 4.90 

Martin (2)  8.1  5.11 5.12 5.15 5.18 

Martin (3)  8.0  5.02 5.05 5.06 5.09 

Martin (4)  3.8  4.54 4.56 4.58 4.62 

Mecklenburg  6.5  4.63 4.65 4.66 4.70 

Orange  6.8  4.59 4.64 4.66 4.71 

Pitt  7.8  4.78 4.78 4.79 4.85 

Scottland  3.8  4.56 4.57 4.58 4.61 

Stokes  6.7  4.68 4.66 4.68 4.72 

Union (1)  7.7  4.86 4.75 4.76 4.81 

Union (2)  6.7  4.64 4.63 4.64 4.68 

Union (3)  6.7  4.61 4.61 4.63 4.67 

Union (4)  6.6  4.62 4.65 4.67 4.70 

Union (5)  7.2  4.75 4.74 4.75 4.78 

Wake  6.7  4.61 4.64 4.65 4.69 

Washington  7.6  4.81 4.79 4.80 4.84 

Wayne  6.8  4.71 4.67 4.68 4.73 

Deionized water  6.3  4.58 4.60 4.60 4.63 

Herbicides       

Acifluorfen 6.3  5.36 5.35 5.34 5.36 

Cloransulam-methyl 6.3  4.60 4.58 4.62 4.63 

Dicamba 6.3  4.62 4.65 4.64 4.65 

Flumioxazin 6.3  4.63 4.64 4.62 4.67 

Glufosinate 6.3  4.72 4.73 4.74 4.72 

Pyrithiobac-Na 6.3  4.65 4.64 4.67 4.66 
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Table 11 continued       

Thifensulfuron-methyl 

plus tribenuron-methyl 

6.3  4.59 4.58 4.60 4.60 

Trifloxysulfuron-Na 6.3  4.59 4.61 4.62 4.62 

2,4-D 6.3  4.79 4.80 4.79 4.80 

Fertilizer solutions       

Boron 8.8  5.60 5.62 5.62 5.64 

Calcium 6.1  4.42 4.44 4.45 4.36 

Manganese 3.0  4.22 4.24 4.25 4.26 

Zinc 4.6  3.77 3.77 3.78 3.82 

LSD (0.05)   0.04 0.02 0.01 0.02 

  
aGlyphosate applied at 629 g ae/ha. 

bData are pooled over two experiments. 
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   Table 12. Presence or absence of precipitates on mixing of glyphosate in water sources collected from 

   North Carolina, in deionized water, or with other agrochemicals.a 

 
 

Source 

 Hours after mixingb 

 0 6 24 72 

  ________________________________precipitates______________________________ 

Water sources      

Albemarle   Nc N N N 

Bertie (1)   N N N N 

Bertie (2)   N N N N 

Bertie (3)   N N N N 

Bertie (4)   N N N N 

Bertie (5)   N N N N 

Bertie (6)   N N N N 

Caswell   N N N N 

Chatham   N N N N 

Forsyth (1)   N N N N 

Forsyth (2)   N N N N 

Forsyth (3)   N N N N 

Gaston   N N N N 

Greene (1)   N N N N 

Greene (2)   N N N N 

Greene (3)   N N N N 

Hyde   N N N N 

Jackson   N N N N 

Johnston (1)   N N N N 

Johnston (2)   N N N N 
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Table 12 continued      

Martin (1)   N N N N 

Martin (2)   N N N N 

Martin (3)   N N N N 

Martin (4)   N N N N 

Mecklenburg   N N N N 

Orange   N N N N 

Pitt   N N N N 

Scottland   N N N N 

Stokes   N N N N 

Union (1)   N N N N 

Union (2)   N N N N 

Union (3)   N N N N 

Union (4)   N N N N 

Union (5)   N N N N 

Wake   N N N N 

Washington   N N N N 

Wayne   N N N N 

Deionized water   N N N N 

Herbicides      

Acifluorfen  N N N N 

Cloransulam-methyl  dY* Y* Y* Y* 

Dicamba  N N N N 

Flumioxazin  Y* Y* Y* Y* 

Glufosinate  N N N N 

Pyrithiobac-Na  N N N N 
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Table 12 continued      

Thifensulfuron-methyl 

plus tribenuron-methyl 

 Y* Y* Y* Y* 

Trifloxysulfuron-Na  Y* Y* Y* Y* 

2,4-D  N N N N 

Fertilizer solutions      

Boron  N N N N 

Calcium  N N N N 

Manganese  N N N N 

Zinc  N N N N 

 
aGlyphosate applied at 629 g ae/ha. 

bData are pooled over two experiments. 

c‟N‟indicates that no precipitates were formed after mixing across time intervals. 

d‟Y*‟indicates that the precipitates formed after mixing but went into solution after vortexing across time 

intervals. 
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Table 13.  F-statistic and Pearson correlation coefficient for visual estimates of percent weed control and different water quality components of water 

sources collected from different parts of North Carolina. 

 
 

Weed species 

Water quality components 

Calcium  Magnesium  pH  Hardness 

P > F Coef.a P > F Coef. P > F Coef. P > F Coef. 

 

           

Cereal rye <.0001 -0.244  0.9692 0.002  <.0001 0.371  <.0001 -0.238 

Common 

lambsquarters 

0.0659 -0.100  0.5070 -0.036  0.0026 0.163  0.0647 -0.100 

Common ragweed 0.3252 -0.076  0.4613 -0.057  0.0959 0.128  <.0001 -0.420 

Fall panicum <.0001 -0.481  0.4000 -0.065  0.0001 0.293  <.0001 -0.475 

Goosegrass <.0001 -0.356  0.0952 -0.091  0.0235 0.123  <.0001 -0.355 

Italian ryegrass <.0001 -0.227  0.4684 -0.039  0.0010 0.178  <.0001 -0.224 

Large crabgrass <.0001 -0.409  0.2308 -0.065  0.0034 0.159  <.0001 -0.404 

Palmer amaranth <.0001 -0.287  0.7697 0.013  <.0001 0.175  <.0001 -0.279 

Tall morningglory <.0001 -0.227  0.5947 -0.029  0.0118 0.137  <.0001 -0.224 

Wheat <.0001 -0.298  0.8657 -0.009  <.0001 0.286  <.0001 -0.292 

        

         aAbbreviation, Coef. is Pearson correlation coefficient.  
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       Table 14.  F-statistic and Pearson correlation coefficient for visual estimates of percent weed control and different water quality components  

of water sources collected from different parts of North Carolina. 

 
 

 

Weed species 

Water quality components 

Boron  Iron   Manganese  Sodium  Zinc 

P > F Coef.a P > F Coef. P > F Coef.  P > F Coef. P > F Coef. 

               

Cereal rye 0.8609 -0.009  <.0001 -0.811  <.0001 -0.230  0.0047 0.153  <.0001 -0.812 

Common 

lambsquarters 

0.2407 -0.064  0.0170 -0.130  <.0001 -0.337  0.7314 0.018  0.0241 -0.123 

Common ragweed 0.0479 -0.152  0.0297 -0.167  <.0001 -0.339  0.6357 0.036  0.0270 -0.170 

Fall panicum 0.1818 0.103  0.0174 -0.183  0.0084 -0.202  0.5922 0.041  0.0261 -0.171 

Goosegrass 0.5519 0.032  <.0001 -0.221  0.0161 -0.131  0.3989 0.046  <.0001 -0.221 

Italian ryegrass 0.4670 -0.039  <.0001 0.449  0.0269 -0.120  0.2084 0.068  <.0001 -0.454 

Large crabgrass 0.7177 0.019  <.0001 -0.345  0.0241 -0.123  0.1050 0.088  <.0001 -0.341 

Palmer amaranth 0.3565 -0.041  <.0001 -0.314  <.0001 -0.199  0.1741 0.060  <.0001 -0.041 

Tall morningglory 0.0243 -0.122  <.0001 -0.226  0.0062 -0.148  0.8625 0.009  <.0001 -0.218 

Wheat 0.0048 -0.153  <.0001 -0.593  <.0001 -0.283  0.0051 0.152  <.0001 -0.594 

 
         aAbbreviation, Coef. is Pearson correlation coefficient.   
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Table 15.  F-statistic and Pearson correlation coefficient for visual estimates of percent weed control and solution pH (6.3) at various times after mixing. 

 
 

Weed species 

Hours after treatment preparation 

0  6  24  72 

P > F Coef. a  P > F Coef.  P > F Coef.  P > F Coef. 

            

Cereal rye <.0001 0.645  <.0001 0.644  <.0001 0.646  <.0001 0.666 

Common 

lambsquarters 

0.2034 0.200  0.1541 0.223  0.1530 0.224  0.1076 0.251 

Common ragweed 0.0840 0.269  0.0850 0.268  0.0798 0.273  0.0637 0.288 

Fall panicum 0.0198 0.358  0.0258 0.343  0.0249 0.345  0.0110 0.388 

Goosegrass 0.0050 0.425  0.0034 0.442  0.0034 0.442  0.0009 0.494 

Italian ryegrass 0.0002 0.550  0.0001 0.554  0.0001 0.555  <.0001 0.588 

Large crabgrass 0.0009 0.493  0.0006 0.507  0.0006 0.508  0.0001 0.557 

Palmer amaranth 0.0011 0.487  0.0014 0.477  0.0012 0.482  0.0003 0.533 

Tall morningglory 0.0831 0.270  0.1038 0.254  0.1016 0.256  0.0540 0.299 

Wheat 0.0003 0.532  0.0004 0.524  0.0003 0.527  0.0001 0.561 

 

aAbbreviation, Coef. is Pearson correlation coefficient.  
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