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1.0 INTRODUCTION 
The Oklahoma Department of Transportation (ODOT) Roadside Vegetation 
Management program uses a dynamic, adaptive approach, providing fiscal and 
environmentally responsible management of Oklahoma rights-of-way. ODOT utilizes an 
integrated roadside vegetation management (IRVM) strategy. IRVM incorporates 
mechanical, cultural, biological methods, and herbicides to effectively manage roadside 
vegetation along the state highway system.  

Herbicides are a vital component of ODOT’s IRVM strategy and will likely stay that way 
for the foreseeable future. The U.S. Environmental Protection Agency (US EPA) 
regulates pesticide registration in the U.S. and along with the Oklahoma Department of 
Agriculture, Food, and Forestry (ODAFF), directly and indirectly controls the availability 
of herbicides for vegetation managers in Oklahoma. Currently the US EPA and ODAFF 
do not regulate pesticide adjuvants sold separately from or as a part of the pesticide 
formulated products. Adjuvants are products that improve the performance 
characteristics of a pesticide and/or its application. An example of an adjuvant used 
often by ODOT would be the product Detain II1. Detain II (1) is a deposition aid and drift 
retardant (Appendix A). ODOT uses Detain II to improve herbicide spray characteristics. 
It achieves this by decreasing the number of small spray particles of 100 microns or less 
in diameter and thus reduces the likelihood of “off-target particle drift.”  

The lack of close regulation of adjuvants as well as the lack of published data on the 
physical compatibility of herbicide’s and adjuvants allows for possible unknown physical 
tank mix incompatibilities to exist. Compatibility testing of herbicide/adjuvant tank mix 
partners helps the ODOT guard against unidentified and potentially costly issues of 
physical incompatibility between new or reformulated herbicides and adjuvants. 

Adverse consequences of physical incompatibility can include settling, layer formation, 
globule formation or formation of precipitants. If these issues occur, they can damage or 
clog sprayer components. Incompatible mixes may even affect an herbicide’s 
performance in terms of weed control. In the event of a tank mix of incompatible 
herbicides and adjuvants, the applicator would then have to deal with disposal of the 
material in a legal manner. Applying the incompatible mixture to the roadside may not 
be an option if sprayer components are clogged or if the incompatible mixture cannot be 
accurately applied. This may result in ODOT being forced to dispose of the tank mix as 
a hazardous waste material. Obviously the latter option is very undesirable. 

 

1Detain II is manufactured by TENKOZ INC., 100 North Point Center East, Alpharetta, 
GA 30202 
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The Oklahoma State University Roadside Vegetation Management (OSU-RVM) 
Program is under contract by ODOT to annually test the physical compatibilities of all 
new herbicide’s and adjuvants intending to be added to the ODOT Approved Herbicide 
and Adjuvant List (AHAL). The intent of this effort is to place only those new products on 
the AHAL that have proven tank mix compatibility. This ultimately will prevent ODOT 
herbicide applicators from being in the position of dealing with a tank of incompatible 
herbicide waste in the future. As long as ODOT continues to only use those herbicides 
and adjuvants that are on the current AHAL and provided suitable tank agitation is 
present, we are confident there should be no tank mix physical incompatibility issues. 

 

2.0 PROBLEM STATEMENT 
In 2010 there were no new generic herbicides in need of physical compatibility testing 
for ODOT. However, there were several new herbicides that required testing. For the 
past three years our OSU RVM Program has been assisting in the label and use 
recommendation development of three new herbicides from DuPont1. These herbicides 
will soon receive their Section 3 EPA label. This will allow for their use on roadside right-
of-way. 

These three new products from DuPont are Pastora® (2), Streamline® (3) and 
Perspective® (3) herbicides. These products have shown the ability to control many 
problem weeds that are commonly found on Oklahoma roadsides (4). Pastora® will 
primarily be used to control johnsongrass, sandbur, and broadleaf weeds when applied 
in May/June. Pastora® includes the new active ingredient nicosulfuron combined with 
an old standby active ingredient metsulfuron. Metsulfuron is found in the product Escort 
XP® (5). Because of the new nicosulfuron component, Pastora® needed to be tested 
for any incompatibilities with Detain II before being placed on the ODOT AHAL.  

Streamline® and Perspective® herbicides will be used to provide control of a wide 
spectrum of annual, biennial, and perennial broadleaf weeds. In addition, they provide 
control of summer annual grassy weeds. Streamline® and Perspective® contain the 
new active ingredient aminocyclopyrachlor which is combined with the active ingredient 
metsulfuron to make Streamline®, or combined with the active ingredient chlorsulfuron 
to make Perspective®. Because of the new active ingredients in these products it was 
necessary to test them for any incompatibilities before their being placed on the ODOT 
AHAL. Lastly, ODOT vegetation managers requested an herbicide to provide improved  

 

1 E. I. du Pont de Nemours and Company, Crop Protection, 1007 Market Street, 
Wilmington, Delaware 19898.
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pre-emergent weed control in the cable barrier foot print. In an effort to provide a good 
residual pre-emergent weed control with reduced risk of off-target movement we have 
suggested the use of prodiamine herbicide. Prodiamine 65 WDG, containing the active 
ingredient prodiamine, needed to be evaluated for physical compatibility with Detain II 
drift control additive. 

 

3.0 PURPOSE OF RESEARCH 
The purpose of this research was to test the physical compatibility of Pastora®, 
Streamline®, Perspective® and Prodiamine 65 WDG herbicides when mixed with 
Detain II drift control additive. Provided no physical incompatibility was found, these 
products would be recommended for inclusion on the ODOT AHAL. This would allow 
bids to be accepted and contract awards made on these products allowing for future 
purchase and effective use by ODOT.  

 

4.0 STUDY OBJECTIVES 
Using an industry standard jar test, the specific objectives of this research were to test 
the physical compatibility of selected treatments of: 

 i) Pastora® (nicosulfuron + metsulfuron) herbicide with Detain II drift control additive, 

 ii) Streamline® (aminocyclopyrachlor + metsulfuron) herbicide with Detain II drift control 
additive  

iii) Perspective® (aminocyclopyrachlor + chlorsulfuron) herbicide with Detain II drift 
control additive, and 

iv) Prodiamine 65 WDG (prodiamine) herbicide with Detain II adjuvant drift control 
additive 

 

5.0 MATERIALS AND METHODS 
This research was conducted on 22 September 2010 from 1:00 to 3:00 p.m. at the 
Turfgrass Research Center located at the Oklahoma Botanical Garden, Oklahoma State 
University, Stillwater, OK. Selected treatments of Pastora®, Streamline®, Perspective®, 
and Prodiamine 65 WDG herbicides were investigated for physical compatibility with 
Detain II® (Table 1). Detain II is a polyacrylamide copolymer drift control additive that 
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when used properly can help reduce the potential for off-target particle drift. Detain II 
has been the product awarded the State of Oklahoma contract drift control contracted 
for many years. Under ODOT Policy No. D-504-1 [effective 8-01-95] (6), a drift control 
product must be used in each broadcast or powered handgun herbicide application 
made by ODOT personnel.  

A tank mix carrier rate of 20 gallons per acre (GPA) was used in this test for all 
treatments. The 20 GPA carrier rate represents the lowest labeled and recommended 
carrier rate for ODOT broadcast applications and was selected so as to facilitate tank 
mix physical incompatibilities if the products were prone to tank mixing physical 
incompatibility. An industry standard jar test method was used for tank mix compatibility 
testing (7). Clear, clean, unused 1-liter soda bottles were filled with 500 ml of deionized 
water. The deionized water had a pH of 6.2 with minimal amounts of cations and anions 
present (Appendix B). The lack of calcium and magnesium resulted in classification of 
this carrier as “soft” (8) The appropriate herbicide amounts were added to each bottle to 
represent higher OSU recommended broadcast herbicide treatment rates for these 
specific herbicides and manufacturer recommended rates for Detain II®. Specific 
herbicide treatments and treatment rates are listed in Table 1. Herbicide rates used in 
these tests represent what would be the highest recommended use rate for ODOT. The 
intent of using a high rate of these herbicides is to facilitate any possible physical 
incompatibilities that may occur. Detain II was used at the manufacturers recommended 
high end rate of 16 fluid ounces per 100 gallons of water. 

Laboratory experimental conditions were maintained under relatively controlled 
environmental conditions where the mean air temperatures were 73.0 oF + 0 oF and 
deionized water temperatures were 79.0 oF. + 0 oF. Air and water temperatures were 
measured with a calibrated mercury in glass thermometer and read to the nearest 0.1 
oF.  

Treatments were evaluated at three separate stages (see Appendix C) to determine if 
any physical incompatibilities were produced and sustained. Once all herbicide/adjuvant 
components were mixed properly initial evaluations were made immediately after the 
initial mixing, followed by evaluations at 30 minutes after initial mixing but prior to 
remixing. Final evaluations were taken immediately after remixing. Four questions were 
asked at each stage of the evaluation (see Appendix E) to assess any visual physical 
incompatibilities. The visual physical incompatibilities assessed were: formation of 
precipitates, layering, flocculation and foaming. Bottles were backlit with a light source 
to make incompatibilities more evident, if present. The experiment was designed as a 
Randomized Complete Block with 2 replications of treatments. Digital images were 
recorded for all herbicide/adjuvant treatments but are not included in this report. 



 

 
 

5 

TABLE 1. SELECTED HERBICIDE TREATMENTS, HERBICIDE RATES, AND 
CARRIER RATES EVALUATED FOR PHYSICAL COMPATIBILITY WITH DETAIN II 
DRIFT CONTROL ADDITIVE. 

Herbicide Treatment Herbicide Rate    
(product/acre) 

Manufacturer Carrier Rate 
(GPA) 6 

Pastora® +  

Roundup Pro 
Concentrate® 

1.5 oz. +  

13 fl.oz. 

Dupont1 

Monsanto2 

20 

Streamline® +  

non-ionic surfactant 

4.76 oz. +  

0.25% V/V 

Dupont 

Estes3 

20 

Streamline® +  

Landmaster® BW +  

ammonium sulfate 

4.76 oz. +  

32 fl. oz. +  

17 lb. /100 gallons of 
water 

Dupont 

Albaugh4 

Estes3 

20 

Perspective® + 

 non-ionic surfactant 

4.76 oz. + 

0.25% V/V 

Dupont 

Estes 

20 

Perspective® + 

Landmaster® BW +  

ammonium sulfate 

4.76 oz. +  

32 fl. oz. +  

17 lb. /100 gal. of 
water 

Dupont 

Albaugh 

Estes 

20 

Prodiamine 65 WDG 2.3 lb. Makhteshim 
Agan of North 

America5 

20 

1 E. I. du Pont de Nemours and Company, Crop Protection, 1007 Market Street, 
Wilmington, Delaware 19898. 
2 Monsanto Company, 800 N. Lindbergh Blvd, C3NA, St. Louis , MO 63167-0001. 
3 Estes, Inc. PO Box 8287. Wichita Falls, TX 76307. Detain II is manufactured for Estes, 
Inc 
4 Albaugh Inc. PO Box 2994. Cordova , TN  38088. 
5 Makhteshim Agan Of N. America, Inc. 1133 Polo Drive, Ste 103. Collierville , TN  
38017. 
6 GPA = gallons per acre. 
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6.0 RESULTS 
No incompatibilities were observed in any of the replicated combinations of Pastora® + 
glyphosate, Streamline® + non-ionic surfactant, Streamline® + Landmaster BW® + 
ammonium sulfate, Perspective® + non-ionic surfactant, or Perspective® + Landmaster 
BW® + ammonium sulfate treatments when combined with Detain II drift control additive 
at 16oz/100 gallon of water. However, when Prodiamine 65 WDG was combined with 
the Detain II drift control additive moderate to severe physical incompatibilities occurred. 
The physical incompatibilities were in the form of moderate to severe flocculation (to 
cause to mass in a group) followed by settling and eventually the formulation of a heavy 
sludge. Prodiamine 65 WDG is a dry herbicide formulation that when added to water will 
disperse and form a homogeneous suspension provided that normal tank agitation is 
provided. However, if agitation is marginal or not existent, settling is likely. Once settled, 
re-suspension may be difficult but can usually be achieved with adequate agitation over 
several minutes. The incompatibility that occurred in this test between Prodiamine 65 
WDG and Detain II at the 16oz/100 gallon carrier rate appeared to permanently and 
irreversibly changed the ability of Prodiamine 65 WDG to disperse and to remain 
dispersed properly in water. The severity of the incompatibility would likely cause 
clogging of sprayer components (i.e. 50 mesh screens, electric shut-off valves, electric 
pressure control valves, small spray tips, etc.) and would likely affect the proper 
distribution of this herbicide during the application.  

 

7.0 DISCUSSION 
Our testing can be considered to represent a conservative approach. We are confident 
that this testing method would detect incompatible tank mix combinations that would be 
problematic to the ODOT RVM Managers. We do not feel that Pastora® + glyphosate, 
Streamline® + non-ionic surfactant, Streamline® + Landmaster BW® + ammonium 
sulfate, Perspective® + non-ionic surfactant, or Perspective® + Landmaster BW® + 
ammonium sulfate treatments when used in combination with Detain II at the highest 
manufactures recommended rate would cause any problems to ODOT personnel as 
long as labeled directions are followed and characteristics of water carrier sources are 
not extreme. However, we feel that Prodiamine 65 WDG should not be used in 
combination with the Detain II drift control additive at the highest manufactures 
recommended rate as these products are physically incompatible and could cause 
numerous problems for ODOT personnel. 
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8.0 CONCLUSIONS 
1. Use of Pastora® + glyphosate, Streamline® + non-ionic surfactant, Streamline® 

+ Landmaster BW® + ammonium sulfate, Perspective® + non-ionic surfactant, or 
Perspective® + Landmaster BW® + ammonium sulfate treatments with labeled 
use rates of Detain II would not be expected to create any tank mix combination 
that would be unusable, nor be expected to create any hazardous waste 
requiring special disposal measures for ODOT pesticide applicators as long as 
labeled directions are followed and characteristics of water carrier sources are 
not extreme. 

2. Use of Prodiamine 65 WDG with labeled use rates of Detain II at 16oz/100 gallon 
of water will create an incompatible unusable spray solution, the solution could 
clog and create damage to spray equipment, the solution could cause erratic 
weed control results if applied, and the solution could create a hazardous waste 
requiring special disposal measures for ODOT pesticide applicators if equipment 
became clogged or applications could not be made as per label directions. 

 

9.0 LIMITATIONS ON CONCLUSIONS 
Our compatibility testing is only for physical incompatibility that can be detected via a 
visual industry standard jar test (7). ODOT herbicide applicators are required to read all 
herbicide label information concerning water carrier issues and to be familiar with the 
water source they are using. ODOT applicators can reference the OSU RVM Programs 
report 2005 Evaluation of ODOT Water Quality Characteristics for Suitability in 
Herbicide Spray Applications (9) to determine specific characteristics of water sources 
tested. Additionally, we would encourage periodic testing of water sources especially if 
water sources change from previous sources. 

 

10.0 RECOMMENDATIONS 

Considering the positive compatibility results, the OSU-RVM Program will formally 
recommend that Pastora® herbicide be included in the next ODOT Approved Herbicide 
& Adjuvant List (AHAL) that is produced. Additionally, due to a finding of no tank mix 
incompatibility for Streamline® and Perspective® herbicides when mixed with Detain II, 
the OSU-RVM Program will formally recommended that these products be included in 
the next ODOT Approved Herbicide & Adjuvant List (AHAL) provided that they receive 
registration in Oklahoma. Because of the resulting incompatibilities between Prodiamine 
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65 WDG and Detain II at the 16oz per 100 gallon of water carrier rate we cannot 
recommend that ODOT use prodiamine herbicide with Detain II. We also recommend 
the end user read the section of this report on “LIMITATIONS ON CONCLUSIONS” as 
well as read and follow all product label directions. 
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APPENDIX C 
PROCEDURES FOR CONDUCTING HERBICIDE AND ADJUVANT 

PHYSICAL COMPATIBILITY TEST 
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Procedures for Conducting Herbicide and Adjuvant Physical Compatibility Test 

1. Mix all herbicides together in the simulated spray tank (bottle) first, before attempting 
to add any adjuvant. The mixing order of products should follow the guidelines given 
below. 

Mixing order for herbicides: 

a. Ammonium sulfate (AMS) 

b. dry herbicides 

c. liquid solubles 

d. liquid emulsifiables 

e. adjuvants 

Mixing should occur by slowly inverting bottle 3 or 4 times (no shaking) after each 
product is added. This should be adequate to mix all liquids but dry herbicides may 
require repeating the inversion process several more times over a 1-3 minute period or 
until all dry herbicide prills are visibly dispersed. Inverting bottles should be performed to 
prevent excessive foaming if at all possible. All herbicides & AMS should be thoroughly 
mixed before attempting the addition of any adjuvants being tested. 

2. Add the appropriate adjuvants to the herbicide mixture one at a time followed by 
slowly inverting the mixture 10 times. Evaluate the mixture immediately and move on to 
the next adjuvant, repeating the process. Once the first mixture is evaluated, make a 
note of the time on the score sheet. Once all evaluations are made with a particular 
herbicide treatment, allow the bottles to set undisturbed for 30 minutes (or as close as 
possible). 

3. After 30 minutes evaluate each of the bottles for the 2nd time. It is acceptable to pick 
up the bottles, but this should be done carefully so as not to disturb the mixture. After 
evaluation, place each bottle down undisturbed.  It might be helpful to hold the mixture 
with a bright light (light bulb, window) behind the bottle to backlight the mixture making 
possible incompatibilities more visible. When the last mixture is evaluated proceed 
immediately to the 3rd evaluation. 

4. The 3rd and final evaluation occurs by slowly inverting the first bottle 10 times 
followed by evaluation. 

5. Each herbicide treatment will have 3 evaluation sheets, one sheet for each evaluation 
timing. When evaluations are completed, staple the 3 evaluation sheets together. 
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Physical Compatibility Test Data Collection Form 

 

 

 

 


