












































































































































































































5 .10 General Brush Control 

5.10.1 Herbicide: 

Rate: 

Carrier: 

Timing: 

Comments: 

Tordon K® + Garlon 4®. 

Refer to labeled rates for specific brush species. 

50 gallons of water per acre as a broadcast application or a 

minimum of 100 gallons of water per acre as a handgun 

application. 

Late May through July (see comments). 

1. Refer to herbicide labels for susceptible target species. This treatment, applied in

early summer to new leaves, should give very good control of most brush species found

along Oklahoma roadsides.

2. Handgun applications should be made on a spray-to-wet basis using a minimum of

100 gpa for low density brush and up to 250 gpa for high density brush areas.

3. Due to different carrier rates, it is not recommended that a single tank mixture be

used for both broadcast and handgun applications. This could cause a severe over or

under application of targeted rates.

4. Most brush species are susceptible to this treatment, extreme caution should be used

to prevent off-target movement of fine spray particles.

5. Always use a quality drift control additive to reduce the number of fine spray

particles. This will help reduce the hazard of off-target drift.

6. Follow label rates for the specific brush species you are targeting.

7. Maintain an accurate spray record sheet by filling it out completely for each tank of

herbicide mixture that is applied. Record all areas that were purposely skipped.

8. Use extreme caution when treating near any ground water. Leave a buffer zone

around all ground water sources.

9. The use of this treatment will cause a very quick "brown-out" of the brush species in

7 to 14 days. Public acceptance of the treatment should be considered before choosing

this treatment.

10. Tordon K® is a restricted use herbicide because of its potential to move to

groundwater sources.

11. Brush should not be removed following application for a minimum of 1 month.

12. Use Nalco-Trol, Exactrol or MORE at labeled rates for drift control with this

treatment.

5-18



5.10.2 Herbicide: Krenite S® + crop oil. 

Rate: 3 gallons of product per acre +

1 to 2 quarts of product per 100 gallons of carrier. 

Carrier: 50 gallons of water per acre as a broadcast application or a 

minimum of 100 gallons of water per acre as a handgun 

application. 

Timing: August through October (see comments). 

Comments: 

1. The addition of a crop oil is critical to aid in absorption of the herbicide through the

waxy leaves.

2. Handgun applications should be made on a spray-to-wet basis using a minimum of

100 gpa for low density brush and up to 250 gpa for high density brush areas.

3. Refer to herbicide label for susceptible species. This treatment does not produce as

broad a spectrum of brush control as Tordon K® + Garlon 4®. Identifying problem

brush species is very important.

4. Thorough coverage of the entire target plant is necessary for complete control of

susceptible species as this treatment has little if any translocation in the treated brush.

5. Do not apply Krenite S® if rainfall will occur anytime during the day of application.

The Krenite S® will be washed off the leaves and reduce the level of control.

6. Little or no foliage brownout will occur after treatment. Leaves will drop off the tree
---- in a normal fashion and the following spring the tree will not produce any new leaves.

7. Applications made in October should be made before fall leaf discoloration.

8. Maintain an accurate spray record sheet by filling it out completely for each tank

load of herbicide mixture that is applied. Record all areas that were purposely skipped.

9. Use Nalco-Trol, Nalco-Trol II, Exactrol, MORE or Polycontrol II at labeled rates for

drift control with this treatment.
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5.10.3 Herbicide: 

Rate: 

Carrier: 

Timing: 

Comments: 

Roundup Pro® or equivalent generics (foliar spot treatment 

only!). 

1.5 gallons of product per acre. 

100 gallons of water per acre (handgun only!). 

August through October. 

1. Do not make broadcast applications with this treatment. This herbicide treatment

would cause severe damage or death of desirable grass understories if applied as a

broadcast treatment.

2. This treatment should be applied as a foliar spot treatment using a handgun

application only.

3. Apply the herbicide mixture on a spray-to-wet basis.

4. At this rate of application the grass understory will be killed at the base of the spot

treatment.

5. Do not apply Roundup Pro® if rainfall will occur within 2 hours. Rainfall will wash

the Roundup Pro® off the plant and reduce the level of control.

6. Refer to the herbicide label for susceptible target species.

7. This treatment should only be used on low density brush areas.

8. Maintain an accurate spray record sheet by filling it out completely for each tank of

herbicide mixture that is applied. Record all areas that were purposely skipped.

9. Use Nalco-Trol II or Polycontrol II at labeled rates for drift control with this

treatment.
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5.11 Brush Control Using Cut Surface Treatments 

Herbicide: 

Rate/Carrier: 

Timing: 

Comments: 

Roundup Pro® or equivalent generics ( cut stump treatments 

only). 

1: 1 water to herbicide ratio. 

May through September. 

1. All brush that is manually cut by ODOT crews that was not previously treated with
an herbicide should receive a cut stump treatment to prevent resprouting.

2. Applications should be made immediately after cutting or as soon as possible. Delay

in application of more than 15 minutes may result in reduced performance on hard-to­

control species.

3. Apply using a backpack sprayer or squirt bottle.

4. The cut stump should have wood chips removed before application. It is only

necessary to treat the outside 1/3 of the top of the cut stump as this is where the cambium

layer is found. The cambium will move the herbicide to the roots. Treat the entire

circumference of the cut surface.

5. Maintain an accurate spray record sheet by filling it out completely for each day of

cut surface treatments. Record all areas that were purposely skipped.

6. It would be useful to include an agricultural dye in this treatment to prevent waste

and mark treated stumps.

7. No drift control product should be used with this treatment.

8. The Garlon 4® + oil carrier treatment should be used in the dormant season instead

of Roundup Pro®.
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5.12 Brush Control Using Dormant Basal Stem Treatments 

Herbicide: 

Rate: 

Timing: 

Comments: 

Garlon 4® + oil carrier. 

3: 1 oil to herbicide ratio (low volume dormant basal). 

20: 1 oil to herbicide ratio (high volume dormant basal). 

Anytime, including dormant season. 

1. Low volume applications are made by lightly spraying the cambium area ( outside

30% of the top of the cut surface) or entire circumference of the trunk (dormant basal) to

the point of wetting but not runoff. This treatment usually requires the additional

purchase of very small nozzle tips that will produce a fine spray. This low volume

solution is very concentrated, if runoff occurs the expensive herbicide is wasted.

2. High volume applications are made by spraying the entire circumference of the trunk

(dormant basal) to the point where the mixture is allowed to runoff and pool at the base

of the target for a few seconds. Most backpack or small hand-pump sprayers when

purchased have nozzle tips designed to make this type of treatment.

3. High volume mixtures should not be used for cut surface applications.

4. It is critical that the entire cambium area ( cut surface) or entire circumference of the

trunk ( dormant basal) is treated to insure complete control. Failure to get good coverage

will result in possible resprouting.

5. Dormant basal stem treatments should be made to trees with stems 6 inches or less in

diameter.

6. The addition of an oil soluble dye may assist in getting the desired coverage from

these treatments as well as marking treated areas.

7. Backpack or small hand sprayers would work well for these treatments but it is

important to only purchase ones that have Viton seals. Garlon 4® will cause rubber seals

to leak.

8. Applications may be made up to the edge of water but may not be applied to brush in

water.

9. Maintain an acurate spray record sheet by filling it out completely for each day of

cut surface or dormant basal treatments. Record all areas that were purposely skipped.

10. No drift control product should be used with this treatment.
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5.13 Bermudagrass Encroachment Control Using Postemergence Herbicides 

Herbicide: 

Rate: 

Carrier: 

Timing: 

Comments: 

Arsenal® + non-ionic surfactant. 

4 pints of product per acre +

1 to 2 quarts of product per 100 gallons of carrier. 

40 gallons of water per acre. 

May through July. 

1. Application is to be made to actively growing bermudagrass.

2. This treatment should only be applied once per year.

3. In areas which have not been treated with Roundup Pro® + summer preemergent, a

herbicide such as Oust® (2 ounces of product per acre) or Karmex® (2.4 pounds active

per acre) should be added to control weeds which germinate from seed.

4. In areas which have been treated with Roundup Pro® + summer preemergent for

johnsongrass or silver bluestem control, Arsenal® may be applied alone.

5. Maintain an accurate spray record sheet by filling it out completely for each tank of

herbicide mixture that is applied. Record all areas that were purposely skipped.

6. Do not apply directly to water or wetlands.

7. Do not treat irrigation ditches.

8. Do not apply, drain or flush equipment on or near desirable trees or other plants, or

onto areas into which their roots may extend, or into locations where the chemical may be

washed or moved into contact with their roots.

9. Use Nalco-Trol, Nalco-Trol II, Exactrol, MORE or Polycontrol II at labeled rates for

drift control with this treatment.
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5 .14 Aquatic Weed Control in Standing or Moving Water 

Herbicide: 

Rate: 

Carrier: 

Timing: 

Comments: 

Rodeo®+ non-ionic surfactant. 

1 to 1.5 gallons of product+ 

1 to 4 quarts of product per 100 gallons of carrier. 

100 gallons of water per acre (handgun treatment only). 

May through July. 

1. The non-ionic surfactant is critical to the success of this herbicide treatment.

2. If the low end Rodeo® rate is used then use the high end non-ionic surfactant rate.

3. The use of an aquatic approved surfactant is critical to achieve control and prevent

environmental problems.

4. This is a handgun or backpack treatment only. This treatment should not be made as

a broadcast application as the desirable grass understory may be damaged or destroyed.

5. In dense stands of willow or cattails, good coverage is critical. Plants should be

treated from both sides if possible.

6. Plants that have not emerged at the time of treatment will not be controlled and they

will require retreatment.

7. Do not apply if rainfall will occur within 6 hours. Rainfall will wash Rodeo® from

the plants and reduce control.

8. Maintain an accurate spray record sheet by filling it out completely for each tank

load of herbicide that is applied. Record all areas that were purposely skipped.

9. Nalco-Trol, Nalco-Trol II, Exactrol, MORE or Polycontrol II at labeled rates for

drift control with this treatment.

( Aatrex 4 L® - atrazine, Novartis) 
(Aatrex Nine-0® - atrazine, Novartis) 
(Arsenal® - imazapyr, American Cyanamid Company) 
(Campaign® - glyphosate + 2,4-D, Monsanto Agricultural Company) 
(Escort® - metsulfuron, E.I. du Pont de Nemours & Co., Inc.) 
(Garlon 4® - triclopyr, Dow AgroSciences) 
(Karmex 80DF® - diuron, E.I. du Pont de Nemours & Co., Inc.) 
(Krenite S® - fosamine, E.I. du Pont de Nemours & Co., Inc.) 
(Oust® - sulfometuron, E.I. du Pont de Nemours & Co., Inc.) 
(Outrider® - sulfosulfuron, Monsanto Agricultural Company) 
(Roundup Pro® - glyphosate, Monsanto Agricultural Company) 
(Tordon K® - picloram, Dow AgroSciences) 
(Transline® - clopyralid, Dow Agro Sciences) 
(Rodeo® - glyphosate, Monsanto Agricultural Company) 
(Plateau® - imazapic, American Cyanamid Company) 
(Vanquish® - diglycolamine salt of dicamba, Novartis) 
(MSMA/DSMA - many companies) 
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Chapter 6.0 Herbicide Adjuvants 

6.01 Purpose 

The purpose of this chapter is to provide information on spray adjuvants, their 

proper use, and compatibility with commonly used herbicides in right-of-way 

management. 

6.05 Introduction 

An adjuvant is any material which is added to an herbicide formulation or to an 

herbicide spray tank mixture to modify or increase the effectiveness or performance of 

the product. Many herbicide formulations will contain at least a small percentage of 

some type of adjuvant. The discussion contained within this manual will be limited to the 

types of products which are added separately to the spray tank mixture prior to 

application. These product types include surfactants (Section 6.3), crop oils (Section 6.4) 

and the use of ammonium sulfate (Section 6.5). 

6.1 ODOT Drift Control Policy 

Drift is ODOT' s foremost and primary concern during the application of roadside 

herbicides. In an effort to minimize drift potential, ODOT addressed this issue in their 

"Herbicide Program Policy" (Section 4.6). In Part III, under "Application Specifics," 

guidelines and procedures are listed for ODOT applicators to follow during the herbicide 

application process. 
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6.2 Drift Control Compatibility Data 

When ODOT enacted the "Herbicide Program Policy" m 1994 (Section 4.6), 

which required the use of a drift control additive with all herbicide applications (Part III), 

several unanswered questions arose. These questions concerned the compatibilities of 

different herbicides when mixed with different drift control products. In years past, 

ODOT applicators have had problems with some drift control additives. These products 

have either settled out in the sprayer tank, which may have resulted from poor mixing 

procedures such as adding the product too fast; or they may have been used beyond their 

effective shelf life. 

Two experiments were initiated to build a database of herbicide drift control 

additive compatibility (Table 6.1 ). The objectives of these experiments were to evaluate 

and determine the compatibility of 14 herbicide treatments combined with 7 drift control 

additives using the industry standard jar test procedure. The mixing procedure followed 

the directions as outlined and described by each respective drift control additive label. 

Briefly, the experimental procedure involved combining the herbicide(s) plus the 

drift control additive(s) with 0.5 liters of deionized water into 1 liter plastic bottles. Once 

all products were added to each bottle, the experiment proceeded as follows: (1) the jar 

(plastic bottle) was inverted 10 times followed by an immediate visual observation; (2) 

the jar was then allowed to sit undisturbed for 30 minutes followed by a second visual 

observation; then (3) the jar was again inverted 10 times followed immediately with a 

third and final observation. The methods of evaluation included visual observations 

conducted by answering yes or no to the following questions: (1) Were separate layers 
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formed; (2) Were precipitates formed (flakes, sludge, gel or other); (3) Did the products 

tend to rise or settle; and (4) Was there evidence of excess foaming? Compatibility 

ratings were developed (Table 6.2) based one the answers to these four questions. We 

termed a combination as "compatible" when there was no apparent change in appearance 

of the mixture as compared to the herbicide in water alone or the additive in water alone. 

Combinations were termed "incompatible" when the answers to any of questions 1-4 

were "yes" following the first agitation, and the factor could not be resuspended by the 

second agitation period. 

The results of these two experiments were used to develop the herbicide/drift 

control additive compatibility chart in Table 6.2. By utilizing the information obtained 

from these two laboratory experiments, ODOT applicators may be able to avoid creating 

an incompatible herbicide drift control additive mixture. An incompatible spray mixture 

could potentially affect the herbicide performance or clog the sprayer; situations which 

would be highly undesirable. If a situation does occur where a drift control additive has 

clogged the spray system, it is best to clean up the problem using a saltwater solution. 

Hot water or soapy water does not help clean up drift control additives. 
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Table 6.1. Herbicide Treatments and Drift Control Products Used in a Laboratory Compatibility Study (Experiment 4-H-84-95). 

Carrier Drift Product 

Herbicide Treatment Product Rate/ A Rate (GPA) Control Product Rate/100 gallons Manufacturer 

Atrazine 2 qt 20 41-A (dry) 7 oz SAN AG 

Campaign 2 qt 20 Get-Down (dry) 10 oz Exacto 

Roundup 1 pt 20 Exactrol 16 fl oz Exacto 

Roundup + AMS 1 pt+ 3.4 lb 20 Nalco-Trol II 15 fl oz Nalco 

Transline + X-77 2/3 pt+ 0.25% v/v 25 Nalco-Trol 10 fl oz Nalco 

Arsenal + X-77 2 qt+ 0.25% v/v 40 Polycontrol II 8 fl oz Brewer Int. 

MSMA 2 qt 20 MORE 10 fl oz Exacto 

Banvel 1 qt 25 Check 

(herbicide/water only) 

Garlon 4 + Tordon K 1 gal+ 1 gal 50 

Roundup + Oust 1.5 pt+ 2 oz 20 

Karmex + X-77 3 lb + 0.25% v/v 25 

Roundup + Plateau 0.75 lb+ 0.5 pt 20 

Rodeo+ X-77 1.5 gal+ 0.5% v/v 100 

Krenite + Crop Oil 3 gal+ 1.5 qt 50 



Table 6.2. Herbicide/Drift Control Additive Compatibility Table1 • 2• 3•

Drift Control Additive (rate/100 gallon) 

C=Compatible !=Incompatible 

Herbicide Rate 41-A4 GetDown4 Nalco Trol II MORE Polycontrol II 

(product/ A) (7 oz) (10 oz) (1 5 oz) (10 oz) (8 oz) 

Atrazine 2 qt C C C C (1994) C 

Campaign 2 qt C C C I (1994) C 

Roundup 1 pt I I C I (1994) C 

Roundup + 1 pt+ C C C C (1994) C 

AMS 3.4 lb 

Transline + 2/3 pt+ C C C C (1994) I 

X-77 0.25%v/v 

Arsenal+ 2qt+ C C C C (1994) C 

X-77 0.25% v/v 

MSMA 1/ 2 gal I I I C (1994) C 

Banvel 1 qt C I C C (1994) C 

Garlon4+ 1 gal+ I I C C (1994) C 

TordonK 1 gal 

Roundup+ 1.5 pt+ I I C I (1994) C 

Oust 2oz 

Karmex+ 3 lb+ I I I C (1994) I 

X-77 0.25% v/v 

Roundup+ 3/4 pt+ I I C C C 

Plateau l/ 2pt 

Rodeo+ 1.5 gal+ C I C C C 

X-77 0.5% v/v 

Krenite + 3 gal+ C C C C C 

Crop Oil 0.94% v/v 

Exactrol Nalco-Trol4

(16 oz) (10 oz) 

C C (1994) 

I C (1994) 

C I (1994) 

C C (1994) 

I C (1994) 

C C (1994) 

C C (1994) 
I C (1994) 

C C (1994) 

C I (1994) 

C C (1994) 

I C 

C C 

C C 

1Compatibility data were developed on products tested in 199 5, except for those ratings marked 1994 using the notation (1994). 
2Compatible based on visual observations, where no apparent change in appearance occurred as compared to the check. 
3lncompatible based on visual observations, which may include the following descriptions: white flakes formed, suspended or settled; 

large white gel globules, suspended or settled; clear gel globules, settling, etc. 
4Mixing order as per drift control additive label was as follows: drift control additive, herbicide, then other adjuvants. All other 
mixing orders were as follows: herbicide, adjuvants, then drift control additive. 



6.3 Surfactants 

Surfactants are considered surface active agents or wetting agents. They perform 

by increasing the contact area between the liquid (herbicide/surfactant mixture) and the 

leaf surface of the targeted weed. This is usually accomplished by reducing the surface 

tension of the spray droplet which in turn enhances the activity of the herbicide treatment. 

For example, when a water droplet is applied to a waxy leaf, the droplet beads up due to 

surface tension. However, when a surfactant is added to the water, the droplets will 

spread out more readily, breaking the surface tension of the droplet. 

Previously, it was believed that products such as soaps or even household 

detergents, which lowered the surface tension of water or increased the wettability of a 

herbicide spray mixture, could be used as surfactants. However, their use often lead to 

undesirable consequences for several reasons. First, soaps and detergents can combine 

with hard water to form precipitates or scums which can interfere with the performance of 

the herbicide(s) and sprayer equipment. Formulated agricultural surfactants do not form 

precipitates and can be used equally well in either hard or soft water. Secondly, many 

liquid detergents and soaps create too much foam for use in a sprayer tank. Finally, most 

liquid detergents have a fairly low concentration of surfactant (10 to 20 percent) 

compared with a 50 to 90 percent concentration for most agricultural surfactants. 

The nonionic surfactants (NIS) are the most common type of surfactants used in 

spray applications. These NIS do not form an electrical charge when mixed with water. 

They are generally considered good dispersing agents, stable in cold water and are low in 

toxicity to both plants and mammals. An NIS will generally be recommended in most 

instances when using foliar-applied herbicides such as Garlon®, Transline®, Escort®, 
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Rodeo® and Vanquish® to enhance the performance of the herbicide and improve weed 

control along Oklahoma roadsides. 

6.4 Crop Oils 

Crop oils and crop oil concentrates are considered adjuvants which are similar to 

surfactants. They also improve the spreading of herbicide spray droplets on the leaves by 

reducing surface tension. Additionally, they improve the penetration of the herbicide 

spray droplet through the waxy layer (cuticle) on the targeted weed leaf surface. Crop 

oils will keep the leaf surface moist longer than water alone. This results in allowing 

more time for the herbicide to penetrate, thus increasing the overall amount of herbicide 

which enters the targeted weed. 

Prior to the early 1970s, crop oils containing only 1 to 2 percent surfactant were 

used at rates of about 1 to 3 gallons per acre combined with the herbicide spray mixture. 

Today, most crop oil concentrates will contain 80 to 83 percent oil and 17 to 20 percent 

surfactants. They will be used at the same or slightly higher rate than the nonionic 

surfactant (about 1 quart per acre [950 ml]). Crop oil concentrates are currently 

recommended to be used when applying the herbicide Krenite S® for controlling 

undesirable brush species along Oklahoma roadsides (refer to Section 5 .10.2). 

6.5 Ammonium Sulfate 

Ammonium sulfate (AMS) can be classified as a spray tank adjuvant. When 

added to specific herbicides, it will enhance their performance. Previous research 

conducted at Oklahoma State University has indicated that the addition of AMS to 
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treatments of Campaign® or Roundup® or equivalent + 2,4-D amine can improve the 

control of winter annual grasses and broadleaf weeds in dormant bermudagrass along 

Oklahoma roadsides. The mode of action of AMS is believed to be that of a buffering 

agent. Its use allows less of products such as Campaign® or Roundup® or equivalent to 

be potentially "tied up" in hard water, or those waters having a higher pH. This allows 

more of the herbicide to be available for uptake by susceptible, targeted weeds, thereby 

increasing the potential activity and performance of the treatment. AMS does not exhibit 

herbicidal properties when used alone. AMS, when combined with specific herbicides, 

may allow for a quicker kill of undesirable vegetation. The use of AMS at a rate of 17 

pounds (7.7 kg) of product per 100 gallons (379 liters) of water carrier, combined with 

Campaign® herbicide, has made it possible to lower the labeled use rate of Campaign® 

from 3 or 4 pints to 2 pints per acre while achieving the same level of weed control 

(Section 5.3). This action has allowed not only a more economical herbicide treatment 

while maintaining weed control, but also results in less herbicide being used on the 

roadside environment. 
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7.01 Purpose 

Chapter 7 .0 Biological Weed Control 

The purpose of this chapter is to discuss the use of biological control methods to 

manage musk thistles. 

7 .05 Introduction 

Biological control of weeds involves the use of natural enemies of the weedy 

plants to reduce their population in an area. Examples of biological control agents 

include insects, bacteria, fungi, viruses and even animals. Biological controls are merely 

one type of tool that ODOT personnel can use in an integrated roadside vegetation 

management program. Currently, the only biological control agent that appears practical 

for ODOT personnel to utilize in their weed control programs is the musk thistle head 

weevil. 

7 .1 Musk Thistle Head Weevil and the Musk Thistle 

The thistle head weevil (scientific name Rhinocyllus conicus), commonly referred 

to as the musk thistle head weevil in Oklahoma, is a natural enemy of musk thistles. In 

order to use this biological control agent to ODOT' s advantage, one needs to understand 

the nature of the weed problem, behavior of the musk thistle plant, additional 

management tools for integrated thistle control, and musk thistle head weevil behavior. 
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7.2 Musk Thistle as a Weed Problem 

Musk thistle (scientific name Carduus nutans), a non-native, invasive thistle, is a 

serious weed problem in many areas of Oklahoma. Under good growing conditions, 

musk thistle plants can reach heights of 6 feet (1.8 m) or more. The tall, upright growth 

habit of musk thistle can reduce site distance in the clear zone of the right-of-way. 

Additionally, musk thistle is a serious weed of range and pasture areas adjacent to the 

rights-of-way. Livestock will not graze infested areas. Moderate infestations can reduce 

pasture yields by up to 20 percent. Musk thistle is a legally declared noxious weed in 

Oklahoma in Craig, Delaware, Ottawa, Mayes, McCurtain, LeFlore, Rogers and Roger 

Mills County. In these counties musk thistle must be controlled to stop it from producing 

seed. Even in counties not affected by the law, ODOT personnel should make a serious 

effort to control musk thistle. 

7.3 Musk Thistle Life Cycle 

Musk thistle is usually a biennial, meaning that it requires two growing seasons to 

mature and produce seed. Occasionally, it requires only one year to complete its life 

cycle. During the growing season, seedlings may emerge anytime when moisture 

conditions are favorable. During the first season, plants normally are low growing, 

staying in the rosette (vegetative) stage of growth. In the spring of the second year, plants 

usually start bolting (growing upright) by mid-April, producing flower heads from May 

through June, then die after seed is produced. 
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Musk thistle reproduce only by seed. Each plant is capable of producing more 

than 10,000 seeds. Some of this seed will germinate the same year that it is shed, while a 

portion can remain viable in the soil for up to five years. 

7 .4 Integrated Musk Thistle Control Strategies 

Several methods are available for use in control of musk thistle. These include 

mechanical removal (mowing, shovel, tillage, machete, etc.), chemical (herbicides, salt), 

and biological (musk thistle head weevil). An integrated approach using the best 

combination of these individual tools is suggested for use by ODOT. 

7 .4.1 Mechanical Control 

Mechanical control involves the use of tilling, mowing or cutting. 

7 .4.1.1 Tillage 

Tillage for musk thistle control can be used in rare cases where the soil does not 

contain any desirable vegetation and/or where establishment of desirable vegetation is 

being planned in the near future. Tillage usually destroys existing plants through 

mechanical damage to the plant and subsequent desiccation or drying out. 

7 .4.1.2 Mowing 

Mowing can be used in some instances to manage or control musk thistle. 

Mowing as an exclusive management tool is usually not completely successful. It is most 
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useful in reducing plant height and improving sight distance, and/or removing existing 

flowers and allowing more time during which an herbicide application can be made. 

Mowing of thistle in the rosette or vegetative stage often has little to no effect on 

its growth or development. Use of mowing as a management tool during the flowering 

stage of the life cycle improves site distance, however, it usually merely reduces the 

amount of seed set or delays the plant from setting seed until new growing or flower 

points are formed. If seed in the flowers has adequate time to mature, mowing flowering 

thistles may not keep the seed from becoming viable (even when cut from the plant) and 

capable of continuing the weed problem in the future. Occasionally mowing, late in the 

flowering cycle during a time period when inadequate soil moisture for regrowth is 

present, will lead to the death of the remainder of the musk thistle plant. 

Several problems exist with the exclusive use of mowing in an attempt to use it to 

actually kill the musk thistle plant. These include: 1) in order to kill the plant and keep it 

from setting seed, it must be mowed below the lowest set of leaves, or else dormant buds 

at the base of these leaves will begin growth and continue to produce flower heads; 

2) mowing below the lowest set of leaves and low enough to kill the musk thistle plant

usually means that severe scalping of the desirable vegetation will occur, leading to 

exposure of bare soil and increased risk of soil erosion; and 3) mowing low enough to kill 

the thistle plant may involve departure from the general mowing policy statement 

(Section 2.3.4) stating that "The mowing height will not be less than 6 inches (in 

height)". Also be aware that because of the hollow stems of musk thistle, the stems tend 

to bend over before mowing. This makes achieving a clean cut very difficult. While they 
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may be bent over and chewed up, adequate soil moisture in spring will still allow them to 

flower. 

7.4.1.3 Cutting 

Hand cutting of the thistle plants at slightly below the soil level, using a machete, 

shovel or other tool is an excellent way of killing musk thistle plants in both the rosette 

and flowering stage when only a few plants are present in an area. It is critical that they 

be cut this low to ensure that resprouting does not occur. 

7.4.2 Chemical Control 

Chemical control of musk thistle can be very effective when properly timed. It is 

best applied in the rosette stage in the fall and early spring before plants bolt. Chemical 

control strategies can involve the use of an herbicide or the use of salt. 

7.4.2.1 Herbicide Use for Musk Thistle Control 

Herbicide control strategies for Musk Thistle are discussed m detail in 

Section 5 .6. 

7.4.2.2 Salt for Musk Thistle Control 

The salt or fertilizer ammonium nitrate (analysis 33-0-0 or 34-0-0) has been 

effective for controlling small musk thistle plants(< 8 inches [20.3 cm]across). The salt 

desiccates the young plant. Ammonium nitrate then becomes available for the 

surrounding vegetation to use as a nutrient source. Place up to one teaspoon of 
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ammonium nitrate in the center of each rosette. This method is most useful when only a 

small number of plants exist. In practice, use of a hand tool to physically kill or remove 

the plant will likely be more expedient and practical. 

7.4.3 Musk Thistle Head Weevil 

Good control of musk thistles using the head weevil has been reported in several 

states. Missouri has demonstrated a 50 to 95 percent reduction in thistle populations with 

release of the weevil. Advantages of the use of the musk thistle head weevil also include: 

1) low cost, 2) ease of establishment, 3) requires little effort once established, 4) very few

other non-target plants are affected by the weevil, 5) adjoining infestations of musk thistle 

on range and pasture land will attract weevils, 6) compatible with other integrated control 

practices, and 7) beneficial in ODOT' s public relations efforts. 

7.4.3 .1 Life Cycle of the Weevil 

Understanding of the life cycle of the weevil aids in success in collection, 

transport and establishment of the weevil into a musk thistle control program. The musk 

thistle head weevil overwinters as an adult. In early spring, they feed on seed heads. The 

eggs are laid on the bracts (green undersides) of developing flowers. Each female lays 

approximately 100 eggs. The eggs hatch in 6 to 8 days and the larvae bore into the 

bottom of the bract and begin feeding on flower heads for 25 to 30 days. It is this feeding 

activity and further invasion of the wounds by bacteria and fungi that leads to the 

destruction of the musk thistle seed. Larvae next stop feeding and enter a resting stage 
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(pupae) that lasts another 8 to 14 days. In July, adults emerge to seek overwintering sites. 

A second generation can occur in some locations under mild, moist summer conditions. 

7.4.3.2 Collecting and Releasing Weevils· 

A good time to collect weevils is after plants have bolted 1 to 2 feet ( about mid­

May). Collect on sunny days when weevils are active on the upper portions of the plant. 

The OSU Cooperative Extension Service usually sponsors an annual musk thistle head 

weevil collection day in north eastern Oklahoma. ODOT personnel are invited to attend, 

especially personnel who have never attended a collection event. Contact your local OSU 

Cooperative Extension Service office or the OSU RVM Program personnel concerning 

the date of this collection. The collection date is usually established by late-April. "Old 

hands" at collection and release are encouraged to act independently and utilize 

equipment on hand. OSU RVM personnel have dowel rods, sweep nets and cardboard 

containers that ODOT personnel can use in collecting weevils on their own. 

Weevils are collected by beating the upper portions of the flowering musk thistle 

plant with a dowel rod while holding a sweep-net or some other device beneath the plant. 

Leather gloves are required for holding plants. Weevils play dead and drop into the 

sweep-net. A small amount of musk thistle foliage may be placed into the bottom of the 

sweep nets to provide security for the weevil and to minimize their escape attempts. 

Move from one plant to another, repeating this process. Occasionally tap on the net to 

keep weevils from escaping. 

After collecting weevils, sort through the debris and separate weevils from other 

insects and spiders. Place approximately 500 adult weevils in cardboard containers with 
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tight fitting lids. The lids should be secured with a couple of wraps of masking tape to 

prevent them from accidentally coming loose. Poke several small diameter holes in the 

lid of the container to allow air to move into them. The holes should be small enough 

that weevils cannot crawl through the holes and escape. Do not use plastic cartons since 

moisture accumulation will result in weevil death. Store the cartons in a refrigerator or 

ice chest. If using an ice chest, place the cartons such that water from melting ice will not 

enter the storage cartons. 

Weevils can be stored for a week in a refrigerator or ice chest. However, they 

should be released prior to this ( as soon as possible) to ensure that eggs are not deposited 

in storage containers. 

Locate a site where flowering musk thistle plants exist and where few to no 

weevils can be found. At least 500 weevils should be released at each site. Simply 

sprinkle weevils over the plants at a rate of about ten per plant. 

Check the site in approximately 3 weeks or more to look for small holes bored in 

the undersides of the seed heads. Sample a few seed heads by cutting them open with a 

pocket knife and confirming the presence of the feeding larvae or injury to the seed that 

they have caused. 

Studies have shown that releases are most successful if the area is not mowed, 

sprayed or disturbed during critical times in the life cycle of the weevil, such as flower 

head development. When possible, release in areas free from livestock. Remember, it 

can take up to five to seven years for weevil populations to reach a point where 

substantial thistle control occurs. 
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7.4.3.3 Integrated Musk Thistle Control 

Once an area has a heavy infestation of musk thistles, the most economical 

approach is an integration of various control options. A good integrated management 

approach would include: 

1. Release of thistle head weevils ( 500 per site) on thick stands of musk

thistle. There is a better chance of weevil survival if the area is undisturbed for a couple 

of months after release. It is also important to protect these areas for several years to 

insure maximum opportunity of a successful weevil population. After several years, 

herbicide spraying and mowing can be integrated into these areas. 

2. Encourage landowners of infested pastures and adjacent areas to stop

musk thistle seed production. Seed production can be stopped by selective mowing and 

spot treatment with herbicides. 

3. Integrated control methods. Researchers in Missouri found that the best

approach was to spray rosettes in the fall and from mid-March to mid-April Let the head 

weevils disrupt seed development in May and June, then mow off unsightly plants. 

7.4.3.4 Weevil Release Record Keeping 

ODOT personnel should keep a record of the date, location, and estimated number 

of weevils collected and released along right-of-ways. This information should be 

supplied as a part of the annual herbicide reporting process. This information is useful in 

documenting the continued use of truly integrated vegetation management programs by 

ODOT. 
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Chapter 8.0 Herbicide Precautions 

8.01 Purpose 

The purpose of this chapter is to help the applicator use pesticides in a responsible 

manner through the development of an understanding of how pesticide exposure occurs, 

pesticide toxicity, use of personal protective equipment as well as appropriate pesticide 

mixing, loading and application techniques. 

8.05 Introduction 

There are risks associated with the use of any herbicide. These risks could be to 

the safety of the applicator or the environment. It is important for all ODOT herbicide 

applicators to know and respect the risks associated with the use of herbicides. 

Applicators should realize that by following all label directions they are minimizing any 

potential negative effects to themselves or the environment. Today's EPA pesticide 

registration process includes major advantages for chemical companies that produce 

pesticides which have high degrees of both environmental and applicator safety. This 

means a cost savings to the chemical companies but more importantly, it means that now 

and in the future, safe and environmentally friendly pesticides will continue to flourish. 

8 .1 Applicator Safety 

Every herbicide used by ODOT has a certain amount of toxicity of which 

applicators should be aware. Herbicide toxicity varies greatly among different herbicides 
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and is dependent on the herbicide's active ingredient, formulation, and inert ingredients. 

As an applicator, one cannot change the toxicity of a particular herbicide formulation. 

One can, however, reduce any risks by minimizing any exposure to the herbicide. 

Without an exposure, even the most toxic of herbicides will not adversely affect the 

applicator. The safety risk to the applicator is greatest during the mixing and loading 

process because this is when the pesticide is in its most concentrated form. 

Reduce Risk = Minimize Exposure x Toxicity 

Herbicides can enter the body in three ways: 

Oral - through the mouth 

Dermal - through the skin 

Inhalation - through the lungs 

One of the most important factors that influences the major route of entry for a 

particular herbicide is the formulation. In general, most dry formulations do not readily 

absorb through the skin. Dry formulations such as wettable powders, soluble powders, 

dry flowables, and water dispersible granules will however offer a much higher risk of 

inhalation to the applicator because of the dust created during mixing. Liquid 

formulations such as emulsifiable concentrates will readily absorb through the skin and 

eyes but have only minor inhalation problems. The most common route of entry for all 

herbicides is dermal absorption through the hands, wrist area and forearms. Oral, dermal 

and inhalation exposure to herbicides can be caused by: 
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0ml - not washing hands before eating, smoking, or chewing; or careless mixing 

techniques. 

Dermal - not washing hands after handling herbicides, splashing or spraying on 

unprotected skin, wearing contaminated clothing, applying herbicides in windy 

weather, or inadequate protective clothing. 

Inhalation - careless mixing techniques or inadequate protective clothing. 

8.1.1 Acute Exposure and Toxicity 

Acute exposure is a single exposure to a large amount of herbicide. Usually the 

symptoms of poisoning begin quickly (within a few minutes to a few hours) and leave 

little doubt about the cause of the illness. Serious acute exposure is usually due to an 

accident involved in the mixing, loading, or transport of the herbicide concentrate. Once 

an herbicide is diluted in a tank mix with water, serious poisoning due to acute exposures 

to herbicides used by ODOT are not likely to occur. There is, however, always the 

chance that someone may be allergic to a particular herbicide. Once diluted, if a small 

exposure does irritate the skin, it is likely an allergic reaction and the employee should 

not handle, mix, or use that particular herbicide( s ). 

All herbicides have a certain amount of acute toxicity. In other words, how much 

of a particular herbicide does it take to be acutely toxic ( one dose) to an applicator? The 

term LD50 is used to express the level of acute toxicity of herbicides. Having LD50 values 

for herbicides allows an applicator to compare one with another to see which product may 

be more safe to handle and use (Table 8.1). LD means lethal dose. LD50 is the amount of 

the herbicide (mg) it takes per unit of body weight (kg) to be lethal to 50 percent of a 
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population of test animals. The lower the LD50 
value, the more acutely toxic the 

herbicide. An herbicide with an oral LD
50 

value of 500 would be 10 times more acutely 

toxic than one with an oral LD
50 

value of 5,000. In Table 8.2 one can determine the 

probable dose it would take from a particular herbicide to be lethal for a 150 pound man 

based on the LD
50 

value of the herbicide. A woman or a man smaller than 150 pounds 

would require slightly less of a dose than indicated by the chart. A man larger than 150 

pounds would take a higher dose to be lethal. 

It is not practical for a herbicide handler to have to stop and calculate the amount 

of herbicide it would take to cause a serious health threat. If desired, a person could 

however calculate using the acute LD50 
value and exact body weight to amount of 

herbicide it would take to create a serious hazard. A much more practical approach to 

determining the hazards of a particular herbicide is by using the signal word on the 

herbicide label. Every label contains a signal word indicating how dangerous the product 

is to humans (Table 8.3). Knowing the product's hazard helps the applicator choose the 

proper precautionary measures for himself, other workers, and other persons ( or animals) 

which may be exposed. The signal word must appear in large letters on the front panel of 

the pesticide label. It immediately follows the statement, "Keep Out of Reach of 

Children," which must appear on every pesticide label. 

DANGER-This word means that the pesticide is highly toxic. A taste to a 

teaspoonful taken by mouth could kill an average sized adult. Any product which is 

highly toxic orally, dermally, or through inhalation or causes severe eye and skin burning 

will be labeled "DANGER." All pesticides which are highly toxic orally, dermally, or 
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through inhalation will also carry the word POISON printed in red and the skull and 

crossbones symbol. 

WARNING-This word means that the product is moderately toxic. As little as a 

teaspoonful to a tablespoonful by mouth could kill the average sized adult. Any product 

which is moderately toxic orally, dermally, or through inhalation or causes moderate eye 

and skin irritation will be labeled WARNING. 

CAUTION-This word means that the product is slightly toxic. An ounce to 

more than a pint taken by mouth could kill the average adult. Any product which is 

slightly toxic orally, dermally, or through inhalation or causes slight eye and skin 

irritation will be labeled CAUTION. 

8.1.2 Chronic Exposure and Toxicity 

Chronic exposure is a repeated exposure to small amounts of herbicides over a 

relatively long period of time. Chronic exposure usually occurs when daily use of an 

herbicide results in small daily exposures for several weeks, months or years. While 

these small exposures by themselves would not create any noticeable illness, some 

herbicides can remain in the body long enough for multiple exposures to accumulate. If 

accumulation continues, some herbicides may produce chronic toxicity. Most of the 

herbicides used currently by ODOT have not resulted in any problems with chronic 

toxicity. While this does not mean small daily exposures should be ignored, it does mean 

that ODOT applicators should not feel undue concern about the long term health effects 

posed to them by the herbicides in their programs. There is no "LD50-type" value to 

measure chronic toxicity. Chronic toxicity is determined through long-term laboratory 
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studies which evaluate adverse health effects from a specific herbicide. Chronic adverse 

effects may include: 

Carcinogensis ( oncogenesis) - production of tumors that may or may not be 

malignant. 

Teratogensis - production of birth defects. 

Mutagensis - produces changes in genetic structure. 

Reproductive Toxicity - produces negative effects on reproductive rates. 

Adverse health effects resulting from chronic toxicity are more subtle than those from 

acute toxicity and, therefore, their detection and diagnosis can be more difficult. The best 

way to prevent chronic toxicity is to carefully select safer herbicides and to use 

appropriate personal protective equipment (PPE) which minimizes applicator exposure to 

herbicides. 

8.1.3 Personal Protective Equipment (PPE) 

The herbicide applicator is ultimately responsible for using all the appropriate 

PPE suggested on the herbicide label(s). While it is the responsibility of the department 

to make PPE available, it is up to the county foreman and applicators to secure, use, and 

maintain PPE. PPE used for herbicide safety should never be used for other types of 

maintenance duties. The use of PPE is most critical during the mixing, loading, and 

transport of the herbicide concentrate. However, once diluted in a tank mix, PPE should 

also be used if the spray equipment must be maintained in any way. 

8-6



As an applicator one is required under the Federal Insecticide, Fungicide and 

Rodenticide Act (FIFRA) to follow all label directions, which includes PPE statements. 

Most labels have basic statements as to minimum PPE, however, some labels only require 

the use of "appropriate protective clothing and equipment." In cases such as these, one 

must consider the herbicide formulation and use common sense to select appropriate PPE. 

Refer to Table 8.4 for recommended PPE when using herbicides commonly applied by 

ODOT. 

The minimum level of body covering protection for all pesticide 

applicators is a long-sleeved shirt and long trousers. The purpose of 

these PPE are to prevent skin contact with pesticides and thus reduce or 

eliminate dermal absorption. Another very useful item is a plastic 

apron. Wearing an apron during the mixing process prevents exposure 

to the concentrated pesticide and makes laundering much easier and 

more effective. 

When handling any herbicide ( diluted or not) you should wear gloves. The 

minimum requirement is that the glove should be liquid proof and cover 

the wrist area. However, with some of the herbicides utilized by ODOT, 

liquid proof does not give adequate protection from the solvents, etc. in 

certain formulations. In cases such as these, nitrile gloves are needed. All protective 

gloves should be unlined. Reusable gloves should be cleaned with soapy warm water on 

a daily basis. A hat should be worn to prevent any spray from contacting the head, eye, 

and neck area. Remember, if baseball style caps are used, they should be washed 

periodically to remove residues. 
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With respect to footwear, remember that any shoe or boot contaminated with an 

herbicide concentrate cannot be cleaned effectively. If contaminated 

footwear is worn, there will likely be a significant daily exposure for 

a long period of time. This may or may not lead to a chronic 

exposure, but it should be prevented. Footwear that is contaminated with diluted 

herbicide may be cleaned and is not a serious problem. During mixing and loading 

procedures, it is important to wear some type of waterproof boot or overshoe. 

One of the most common problems from herbicide exposure comes from 

accidental contact with the eyes. While most herbicides cause only 

temporary and reversible eye irritation ( exception-Garlon 3A), the >�
.. �

burning and redness can be very uncomfortable. Personnel who do not wear eyeglasses

may prevent eye exposure by wearing protective splash goggles. Regular eyeglasses and

most shop safety glasses do not provide adequate protection from splashes. Eyeglass

wearers usually must use a face shield primarily 

discomfort from goggles. Always be careful about 

rubbing your eyes when handling herbicides. This 

small but uncomfortable exposure. 

because of the 

scratching or 

act can result in a 

Respirators are typically only worn when required by the 

herbicide label or when handling wettable powder formulations. To be 

effective, a respirator must produce a tight facial seal. Personnel with 

beards or mustaches should not handle any herbicide that requires use of 

a respirator. Respirator cartridges should be replaced before each spray season and 

prefilters (if present) should be replaced weekly. Most respirator cartridges for pesticides 
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contain carbon in their filters. To maintain the effectiveness of a filter, the entire 

respirator/filter should be stored in a tightly sealed plastic bag when not in use. Only use 

those respirators/filters which have been approved for pesticide use by National Institute 

for Occupational Safety and Health (NIOSH). 

8.1.4 Laundering Clothing and Cleaning PPE 

It is nearly inevitable that anyone mixing or spraying an herbicide will get a small 

amount of either the concentrate or diluted product on one's clothing or PPE. Handling 

herbicides as carefully as possible will minimize the exposures but an applicator should 

always treat work clothes and PPE as though they have some residue on them. The 

following procedures should be followed in the laundering of contaminated clothing: 

1. Any clothing heavily contaminated by a large amount of herbicide

concentrate should be discarded.

2. All clothing receiving daily exposures should be laundered daily.

3. Pre-soaking, pre-rinsing or spraying/hosing garment( s) outdoors ts

recommended prior to laundering.

4. All clothing should be laundered separately from family clothing.

5. Use maximum recommendations for detergents.

6. Liquid detergents have proven to be more effective at removing

emusifiable concentrate residues.

7. Use machine settings for hottest (140°F/60°C) water, full water, and

normal (12 minute) wash cycle.
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8. Clothing contaminated with small amounts of herbicide concentrate

requires a minimum of 2 washings.

9. Clothing contaminated with diluted herbicides may be effectively cleaned

in a single wash.

10. If possible, line dry outside. This will aid in the breakdown of any residue

and prevent contamination of your dryer.

11. All herbicides, concentrated and diluted, will leave a small amount of

residue inside the washer. To aid in cleaning, run a normal cycle

including detergent without clothes in the washer.

PPE should be thoroughly cleaned on a daily basis using a soap/detergent and 

warm water. Reusable gloves, boots, aprons, goggles and any other PPE should be wiped 

off or brushed with the cleaning solution to remove residues. This action prevents a build 

up of residue and extends the life of the PPE. After washing, PPE should be allowed to 

dry before being stored. It is acceptable to use ammonia or bleach to help decontaminate 

both clothing and PPE. You should never use both bleach and ammonia at the same time 

as toxic fumes can be formed. 

8.1.5 Handling, Mixing and Application Precautions 

One should always handle an herbicide cautiously whether it is the safest or most 

hazardous product on the market. Wearing PPE and paying attention to details will 

reduce possible exposure. The following are some other suggestions for mixing 

procedures, handling and application techniques that may help reduce exposure to 

herbicides: 
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1. Always keep the wind at your back when mixing.

2. Always hold liquid container below shoulder level when mixing.

3. If possible, hold containers inside mouth of tank and pour (especially with

dry formulations like Oust®).

4. Always add drift control products to the tank last.

5. Once a tankload of herbicide is mixed, never shut agitation off.

6. Drift control products should be added slowly through the top of spray

tank or by using an injection system.

7. Always use an anti-siphoning device on the water source or maintain an

air-gap to prevent back-siphoning. Never leave a water hose down inside

a tank unattended.

8. Do not fill, mix/load or clean sprayers near any well. It is best to stay

50 feet downhill from a well.

9. Keep spray equipment well maintained to prevent leaks, breaks, etc.

10. Never spray directly into the wind if possible.

11. Store herbicides separately from other materials.

12. Properly triple-rinse or power-rinse herbicide containers as they are

emptied prior to disposal or recycling.

13. Never repackage an herbicide no matter how small an amount remains in

the original container.

14. Never use more than the optimum spray system pressures (25 psi for off­

center nozzles and Boom Buster nozzles or 30 psi for solid-stream

nozzles).
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15. Spray equipment should be cleaned periodically as per guidelines m

Chapter 10, Section 10.8.

16. Always open containers at the point of mixing, do not open containers on

the ground and hand them up to someone at the mouth of the tank.

1 7. It is a good idea to carry a shovel and bag of absorbent material on the

spray truck to handle small spills.

18. Always carry clean water and soap on the spray truck to wash hands, etc.

before taking breaks or lunch.

19. All PPE should be cleaned daily and allowed to dry before reuse.

20. Never use herbicide PPE for any other use unless it has been specified by

your supervisor to do so.

21. Always read and follow all label directions.

8.2 Minor Herbicide Spill Cleanup 

By Oklahoma state law a minor herbicide spill is defined as a spill of less than 

25 pounds (11.4 kg) of herbicide concentrate, 10 gallons (37.9 liters) of herbicide 

concentrate or 50 gallons (189 liters) of an application mixture. A minor spill does not 

require any notification of the Oklahoma State Department of Agriculture (OSDA) or the 

Oklahoma State Department of Health (OSDH), but it does require proper procedures to 

effectively clean up the spill and surrounding area. How a spill is cleaned up depends on 

what herbicide was spilled, formulations and the type of surface the herbicide was spilled 

upon. Regardless of the surface type, do not immediately rinse the spill with water. If 

the spill was an herbicide concentrate on a hard surface, it is best to use some type of 
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absorbent material (floor sweep, kitty litter, soil, sandust, etc.) to first absorb, then 

remove as much product as possible. The absorbent material/herbicide may then be 

distributed evenly over a large area of roadside right-of-way or over the gravel/dirt 

portion of an ODOT facility yard that would be an appropriate use site as per label 

directions. After this step, the spill area should be treated with either ammonia or bleach 

and sprayed with water to remove any final product. Only spray enough water to clean 

the spill area while trying to keep the water inside the ODOT facility yard. A spill of an 

herbicide concentrate on a soft surface should be dug up and contained entirely in buckets 

or barrels. Do not spray any water on an herbicide spill to areas of soil or gravel. After 

the entire spill and surrounding soil/ gravel has been removed these materials may be 

disposed of by distributing evenly over a large area of roadside right-of-way or an 

appropriate target use site. Cleanup of a minor spill from a diluted application mixture is 

much simpler than a spill of the herbicide concentrate. Under most circumstances, a 

minor spill of a diluted application mixture does not require any clean up unless it is on a 

hard surface. On a hard surface allow the liquid to evaporate then decontaminate the 

surface using bleach or ammonia, followed by a brief hosing off. For major spill cleanup 

procedures refer to Section 12.2.6. 

8.3 Environmental Safety 

It is the responsibility of all ODOT personnel to make sure that ODOT herbicide 

use has as small an impact on the roadside environment as possible. If used according to 

label directions and ODOT guidelines, all possible adverse effects will be minimized. 

ODOT currently uses some of the most environmentally sound herbicides ever produced 
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to manage roadside vegetation. However, the single most important factor in minimizing 

the effect of pesticide use on the environment is still the applicator. The applicator 

should make the judgment on when, where, and under what conditions an application is 

made. His/her decisions are crucial in making sure that the herbicide is applied only to 

the rights-of-way and that sensitive areas and drift are managed properly. 

8.3.1 Sensitive Areas 

A sensitive area is an area on or immediately adjacent to a roadside right-of-way 

that has special environmental concerns. The main sensitive areas shared by all counties 

would include but are not limited to: all areas with surface water, nearby crops, nearby 

gardens, frozen soils, houses or businesses with frontages maintained as a lawn, 

designated scenic byways, desirable native species, wildlife habitat areas, and any 

roadside right-of-way less than 15 feet wide. Refer to Table 8.5 for special precautions 

around sensitive areas. 

8.3.2 No Spray Buffer Zones 

While it is not an ODOT policy, it is a good practice to leave untreated buffer 

zones along all state highways treated with herbicides. A buffer zone is an untreated area 

of the roadside right-of-way between the treated area and the right-of-way fence. The 

buffer zone serves several important functions. ODOT's basic core herbicide program 

consists of two broadcast applications. During winter annual weed control (December­

March) and summer weed control (April-June) applications, it is important to use the 

buffer zones to trap any particle drift that may occur during the broadcast application. A 
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buffer zone of at least 10 feet (3 m) will collect any drift before it reaches adjacent private 

lands. Any drift that falls outside the right-of-way fence is considered to be an off-target 

application and is a direct violation of state laws. A second important use of buffer zones 

is that they allow both ODOT and private landowners to see exactly where ODOT' s 

herbicide application patterns begin and end. This helps assure them that the herbicides 

are kept on the intended targets. There is a tendency for ODOT crews to treat as wide a 

swath as possible to control johnsongrass and other weeds. The closer one gets to the 

right-of-way fence, the greater the potential for off-target drift. If a buffer zone area is to 

be targeted for treatment, it will likely be necessary to look into different application 

equipment or techniques. Equipment such as the boom-sprayers or wick applicators 

could be safely used in these areas. 
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Table 8.1. LD
50 

values for commonly used ODOT herbicides and drift control products. 

Herbicide Acute Oral LD 50 Acute Dermal LD
50

Roundup Pro 5000 3536 

Oust >5000 >8000

MSMA 1700 2500

Aatrex 4L 1886 >5000

Plateau >5000 >2000

Campaign 3860 >6366

Vanquish 3512 >2000

Garlon 4 1600 >2000

Garlon 3A 3000 >5000

Krenite S 24400 >1680

Trans line >5000 >5000

Rodeo >5000 >5000

Aatrex Nine-0 >2000 >1200

Kann ex 2900 2000

Banvel 2900 >2000

Tordon 22 K >5000 >5000

Arsenal >5000 >2148

Escort >5000 >2000

Telar 3053 3400

HyvarX 2000 >5000

2,4-D 1161 1544

MON 37500 >5000 >5000

Aspirin 1240

Table Salt 3320

Nalco-Trol >5000

Nalco-Trol II >5000
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Table 8.2. Relative lethal acute dose of herbicide for 150 pound man. 

Oral LD50 Range 

0-50

50-500

500-5,000

5,000 +

Dermal LD50 Range 

0-200

200-2,000

2,000-20,000

20,000 +

Table 8.3. Signal words from herbicide labels. 

Product Signal Word 

Roundup Pro caution 

MSMA caution 

DSMA caution 

Campaign danger 
Vanquish caution 

Garlon 4 caution 

Garlon 3A danger 
Krenite S warning 

Trans line caution 

Rodeo caution 

Oust caution 

Plateau caution 
Atrazine caution 

Karmex warning 

Banvel warning 

TordonK warning 

Arsenal caution 

Escort caution 

Telar caution 

Sahara caution 

8-17

Probable Lethal Acute Dose 

for 150 Pound Man 

<7 drops to 1 teaspoon 

1 teaspoon to 1 ounce 
1 ounce to 1 pint 

1 pint to 1 quart 



Table 8.4. Personal Protective Equipment 

Type Herbicide Minimum Level Acceptable 

Formulation Materials 

Body Covering all formulations long-sleeved shirt & woven, laminated 

long-legged pants fabric, denim 

coverall tyvek, pvc, woven 

apron plastic, nylon, pvc 

Hat all formulations baseball style solid winter style 

hard hat (unlined) pvc, vinyl (no cloth 

liners) 

Gloves all formulations liquid proof latex, pvc, nitrile 

disposable or neoprene 

reusable (unlined) 

Shoes and Boots all formulations sturdy canvas or canvas, nylon, 

leather ( diluted leather 

only) 

rubber, neoprene, 

rubber or neoprene pvc 

(concentrate) 

Goggles or Face those required by chemical splash 

Shield labeling goggles 

full face shield ( eye 

glass wearers) 

Respirators and those required by respirator All respirators and 

Cartridges labeling cartridges should be 

cartridge ( approved approved for 

for pesticides) pesticide use by 

NIOSH. 
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Table 8.5. Sensitive areas and precautions on roadside rights-of-way. 

Sensitive Precaution 

All areas with surface water All herbicides normally used by ODOT ( except 
(ponds, streams, rivers, lakes) Rodeo®) are not labeled for aquatic use. Any herbicide 

found in these surface water areas could be reported as 
off-target or non use area applications. Many herbicides 
are toxic to aquatic organisms. 

Nearby crops Many landowners tend to plant agricultural (Ag) crops 
extending into roadside rights-of-way. Most herbicides 
used by ODOT are not labeled for use on Ag crops so 
illegal residues could be present if crops planted on 
roadsides are treated and grazed or harvested. 
Landowners should be approached concerning this 
problem, especially if erosion is present where crops are 
being planted. 

Nearby gardens Most flower or vegetable gardens are not use sites for 
ODOT herbicides. These plants are also very sensitive 
to herbicides. These factors along with the fact that 
citizens are usually very protective of their gardens, 
make these areas very sensitive. Roadsides should not 
be treated where gardens are immediately adjacent. 

Frozen soils Herbicides should never be applied to a frozen soil as 
there is a chance that rainfall following application could 
move a residual herbicide to off-target areas. Areas 
should be allowed to thaw before the application. 

Houses or businesses with Areas such as these likely qualify as turf areas and not 
frontages roadsides if they are maintained as such out to the edge 

of the pavement. Unless contacted by the owner, these 
areas should not be treated. 

Designated scenic byways 

Narrow roadside rights-of­
way (< 15 ft) 

Oklahoma is blessed with some very scenic byways. 
These areas deserve special consideration with respect to 
herbicides. If herbicides are to be used on these 
roadsides, it is important to have little if any noticeable 
visual impact. Minimize post-emergence treatments and 
rely on pre-emergence treatments if possible. 
It is the recommendation that all broadcast applications 
should leave untreated buffer zones. If roadsides are 
narrow and spray equipment or technique does not allow 
for a buffer zone, then the area should not be treated. It 
may be possible to use a handgun, boom sprayer or 
ropewick to apply an herbicide. Usually the area should 
be maintained with mowers. 
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Chapter 9.0 Herbicide Applicator Certification and Training 

9.01 Purpose 

The purpose of this chapter is to provide information concerning pesticide 

applicator certification, continuing education, recertification and the record of applicator 

training. 

9.1 Why Pesticide Applicator Certification? 

Pesticide applicator certification is required by the U.S. Environmental Protection 

Agency (EPA) for persons purchasing or using restricted-use-pesticides (RUP). The 

regulation is under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) 

Part 171. Requirements listed in Part 171 are intended as a minimum and set a federal 

standard from which the states can work. Many states have incorporated stricter 

regulations than the federal regulations. 

Pesticide Applicator Certification initially is the process by which a person 

completes state requirements to purchase and use pesticides. EPA only requires an 

individual to become a certified pesticide applicator if the individual is using a restricted­

use-pesticide (RUP). Also, the Oklahoma State Department of Agriculture (OSDA) 

requires any commercial applicator to be a certified pesticide applicator regardless of the 

pesticide classification. Oklahoma requires all other pesticide applicator classifications 

(this includes the ODOT non-commercial) to be certified if they purchase or use an RUP. 

ODOT currently uses only two restricted-use-pesticides (atrazine and Tordon). Even 
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though atrazine is being phased out of use and Tordon is used very little, it still lends 

credibility to the program to certify applicators. OSU' s Pesticide Applicator Education 

program and the OSDA strongly encourage any pesticide applicator to be certified in the 

appropriate category regardless of their classification. 

The main intent of pesticide applicator certification in Oklahoma is to increase the 

awareness for (a) pesticide safety, (b) proper use and (c) understanding of the pesticide 

label and its importance. Although additional information is provided, the above are 

comer stones of the certification program. 

9 .2 ODOT Herbicide Policy on Certification and Training 

As defined in ODOT Policy D-504-1 (Section 4.6) the Department has developed 

formalized certification and training guidelines for all herbicide applicators. By policy, 

all herbicides applied by ODOT will be applied by an applicator who has met the 

certification standards set forth by the OSDA for Category 6 Rights-of-Way certification. 

This certification should ensure the citizens of Oklahoma that all herbicide applications 

made to state maintained roadsides are being made by a professionally certified 

applicator. To strengthen its commitment to training, ODOT policy also includes 

provisions that all employees involved with the application of herbicides are to attend 

yearly continuing education courses. 

9.2.1 Initial Pesticide Applicator Certification 

To become a certified applicator in the state of Oklahoma, personnel must meet 

the minimum certification standards set forth by the Board of Agriculture, OSDA for a 
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given category. The primary category of certification for ODOT personnel is Category 6 

(Rights-of-Way), however, Category 5 (Aquatic Weed Control) may also be required at 

ODOT facilities that find themselves spraying vegetation in aquatic areas such as wet 

ditches, bridge ends, etc. There are two ways to become certified initially in Oklahoma. 

The first is to successfully pass (minimum score of 70%) both the general and category 

exams. The second method is to become certified in the same category in a reciprocating 

state and petition for certification with the OSDA. The certification obtained by ODOT 

personnel is not a license to spray pesticides, however, it does allow the applicator to 

work under the license secured annually by ODOT. For information on ODOT's 

pesticide applicator license, refer to Section 12.2.2. The certification obtained by ODOT 

personnel will be classified as a non-commercial certification. As a government 

employee, there is no charge for initial certification or any future recertifications. 

To prepare ODOT personnel for the exams, each year there are two-day schools 

performed at hosting field division headquarters in late winter or early spring. The 

number and location of the schools is dependent on the statewide need and is coordinated 

by the roadside vegetation management staff at OSU. The two-day school is followed by 

a half day of testing by the OSDA. Once certification has been achieved, it would then 

be important for the new certified applicators to attend yearly continuing education 

workshops held in the fall of the year. 

9.2.2 Continuing Education of Certified Applicators 

Initial certification provides the basics and helps prepare an applicator for future 

applications and pesticide applicator continuing education unit (CEU) workshops. The 
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tremendous amount of information on plant, soil and weed science covered in initial 

schools will be applied to individual roadside vegetation management programs during 

the CEU workshops. Continuing Education Workshops are conducted each fall at field 

division headquarters. The information presented each year incorporates any new 

products, techniques, technologies, and regulations that have resulted in the past year. 

The workshops also continue to train on the important basics such as plant identification 

and safety issues. It is a goal that each year, approximately one-half of the one-day 

workshop agenda will consist of new information and presentations. When appropriate, 

the workshops may include outside demonstrations of equipment calibration or new 

equipment. Participation is important at yearly workshops and comments are routinely 

solicited. Recommendations for future CEU topics from ODOT personnel are 

encouraged. The CEU workshop agenda will be developed annually by the RVM staff at 

OSU and will submitted to the OSDA each summer for prior approval and subsequent 

issuance of continuing education credits. Each certified ODOT applicator attending a 

workshop will receive credits which apply towards future recertification ( exception: 

applicators can not accumulate credits in the same year of certification). 

9 .3 Herbicide Applicator Recertification 

After ODOT personnel successfully complete the certification exams and become 

a certified applicator, his/her personal certification is good for five ( 5) years or until the 

category recertifies (Table 9 .1 ). At that time it is necessary to be recertified in whatever 

categories apply to a particular applicator. In the state of Oklahoma, recertification is 

possible through two channels: (1) certified applicator retakes the written exams for each 
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category or (2) certified applicator collects enough CEUs to quality for recertification in a 

category without retaking the written exams. 

Table 9 .1. Recertification Information for Pesticide Applicators. 

Category Year's Total number of CEUs needed depending on Total number 
Category the number of years between the year of of CEUs that 
Recertifie certification and the year the category will count in 
s recertifies any one year 

1 year 2 years 3 years 4 years 5 years 
6/Right-of-way 1994 3 6 9 12 15 7 

1999 
2004 
2009 

5/Aquatic 2000 1 2 3 4 5 2 
2005 
2010 

10/Demo & 2003 4 8 12 16 20 10 
Research 2008 

2013 
3/0mamental 1994 4 8 12 16 20 10 
&Turf 1999 

2004 
2009 

Oklahoma was one of the first states, and ODOT one of the first entities, to 

implement this progressive program aimed at assisting certified applicators in keeping 

up-to-date in their field and in crediting them for their initiative and motivation for self-

improvement. 

During the spring of the year of recertification, all certified applicators should 

receive a notice from the OSDA. The notice will have a list of accumulated CEUs to 

date, plus the number ofCEUs needed by the end of the year to qualify for recertification. 

Later that same year, all applicators who have successfully accumulated enough credits 

will receive an application from the OSDA to automatically recertify in a particular 
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category. The application must be filled out and returned before OSDA will issue a new 

certification card. ODOT personnel do not have to pay the $20 fee for recertification but 

they must return the application. It would be a good idea to photocopy and file all 

applications. 

9 .4 Herbicide Applicator Training Record Keeping 

The official records for all certified applicators are maintained in Oklahoma City 

by the OSDA Plant Industry Division. They also maintain all of the official continuing 

education attendance records. The roadside vegetation management team at OSU also 

maintains a record of all ODOT certification exam scores and continuing education 

workshop attendance. The records maintained at OSU are limited to testing and 

workshop attendance records for personnel participating at events produced by the RVM 

team at OSU. OSU training records will not reflect any training by ODOT personnel who 

attempt certification exams on their own or attend a continuing education program 

produced by someone other than the OSU team. ODOT personnel should take advantage 

of any and all herbicide training they have access to, but they should realize these records 

will be maintained by the OSDA and not OSU. The OSU team would encourage all 

ODOT personal to send exam scores and dates and copies of CEU attendance forms from 

other training efforts to the OSU team to include in their database. 
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Chapter 10.0 Herbicide Application Equipment 

10.01 Purpose 

The purpose of this chapter is to overview herbicide application systems, 

components, system operating parameters, troubleshooting procedures and system 

maintenance. 

10.05 Introduction 

An important component ofODOT's roadside vegetation management program is 

the herbicide application equipment. By proper selection, maintenance, and use of 

application equipment, potential problems can often be prevented such as drift, non­

uniform coverage, failure of the herbicide to reach the targeted weeds and exposure to 

non-target areas. 

10.1 Spot Treatments (Low Volume) 

Small capacity hand-held sprayers and backpack sprayers are very useful in 

making spot treatments (low volume) in many right-of-way areas. They are well suited 

for treating individual brush (stems) and for basal and cut surface applications. Tank 

capacity will usually range up to 5 gallons (18.9 liters). These sprayers can be fitted with 

a single nozzle or with a boom equipped with up to 3 nozzles (spray tips). Some types 

are filled to about three-fourths of the tank capacity with liquid and then air is pumped 

into the _remaining space. They are commonly referred to as "pump-up" small capacity 
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sprayers. The initial pressure may range from 30 to 60 psi (207 to 414 kPa) but will 

continually drop as the spray is applied unless some type of pressure regulator is utilized. 

Other backpack type sprayers (such as the Solo Deluxe) have a lever that is 

pumped during the spraying operation to activate a plunger or diaphragm pump 

(Figure 10.1). They have a small air chamber to reduce the surging of the spray mixture 

as the lever is pumped. The boom can be equipped with a pressure gauge so that a nearly 

constant pressure can be maintained while spraying. 

This type of application equipment may be utilized to apply Roundup Pro® for 

cut stump brush treatments or Garlon 4® plus an oil carrier for making cut surface or 

dormant basal applications on targeted brush species along roadsides in Oklahoma (refer 

to Section 5.11 and 5.12). Calibration of hand-held herbicide application equipment for 

making spot treatments is discussed in Section 11.2. 

Figure 10.1 Backpack sprayer used for making spot herbicide treatments. 
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10.2 Basic Power Sprayer Design 

The roadside sprayer is an integral component of the herbicide application 

equipment which ODOT uses to manage vegetation along roadsides in Oklahoma. Its 

primary function is to deliver the proper amount of herbicide/water mixture uniformly 

over the target area. Water is used as the means of carrying the herbicide to the target 

area with power (hydraulic) spraying equipment. The basic components of power sprayer 

design include a tank, pump, agitator, strainers (filters), hoses, valves and drift control 

injector ( optional) (Figure 10.2). 

Figure 10.2 Basic spraying system with hydraulic motor driven centrifugal pump. 

INSTALLATION DIAGRAMS 

10.2.1 Tanks 

11:e:=i 
; 1b8oam 

1b8oam 

��;so:==;,· 

The sprayer tank holds the herbicide/water mixture and must be constructed with 

a material that is resistant to potential corrosion from cert�in herbicide formulations. 
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Suitable materials include stainless steel, polyethylene plastic and fiberglass. Since some 

herbicides will corrode aluminum, galvanized and steel tanks, the use of tanks made with 

these materials should be avoided. 

The filler opening of the tank should be large enough to easily fill and inspect the 

tank for cleanliness. The cover should form a watertight seal when closed to avoid spills. 

Some tanks may be equipped with a screen just under the filler opening to remove foreign 

material during the filling operation. By state law, during the filling process, an air gap 

or other means to prevent back-siphoning from occurring must be utilized. This can be 

achieved by mounting a support device onto the tank to hold the water hose above the 

filler opening. In most cases, ODOT will mount the filler (water) hose onto a permanent 

stand anchored to the ground. This method holds it in such a position above the tank 

creating an air gap which prevents back-siphoning. Sometimes overlooked are tank 

capacity or volume level markings, which must be accurate to insure the correct amount 

of water can be added. Many tanks have capacity marks located so that they are visible 

from the operator's position. On metal or sometimes fiberglass tanks, a clear plastic tube 

called a protected sight gauge, with a bottom safety shutoff valve, is mounted for 

determining fluid level. All tanks should have a bottom drain or a drain plug at their 

lowest point to allow the tank to be emptied completely. 

10.2.2 Pumps 

The heart of the sprayer system is the pump. It must deliver the necessary flow to 

the nozzle(s) at the desired pressure to insure proper application. It is recommended that 

pump flow capacity should be 20% greater than the largest flow rate required by the 
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nozzle(s) and hydraulic agitation to compensate for pump wear. Types of pumps used to 

spray herbicides include roller, piston, diaphragm and the most commonly used for 

roadside applications in Oklahoma; the centrifugal pump (Figure 10.3). Each has its own 

unique characteristics making it well adapted for a particular situation. Piston and roller 

pumps are considered positive-displacement pumps, that is, the volume of output per 

revolution is always the same, regardless of speed or pressure. However, in contrast, the 

output per revolution of centrifugal pumps varies with speed or pressure. Diaphragm 

pumps are semi-positive displacement pumps. For purposes of this manual, only the 

operation of the more commonly used centrifugal pump will be discussed. 

Centrifugal pumps generate pressure and flow via centrifugal force by creating a 

low pressure at the center and a high pressure at the outer edge of the pump impeller 

wheel. They operate on a pressure differential basis to generate flow. The single stage 

centrifugal pump is the most popular type pump for low-pressure roadside sprayers which 

ODOT uses. Both hydraulic fluid driven and auxiliary gasoline engines are used by 

ODOT to power centrifugal pumps. These pumps are simply constructed, durable and 

can readily handle wettable powders, dry flowables, water dispersible granules, and liquid 

herbicide formulations. They are capable of delivering flow rates which range from 30 to 

150 GPM (114 to 568 LPM) (depending on pump size) with pressures from 25 to 40 psi 

(172 to 276 kPa) up to 70 psi (483 kPa) at 3000 to 4500 RPM. 
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Figure 10.3 Cutaway view of centrifugal pump, belt-driven (a) and hydraulic driven 

(b). 

(a) 

(b) 

10.2.3 Agitators 

An agitator or agitation system is required to mix the components of the spray 

mixture uniformly and keep them mixed. Soluble liquid formulations (such as Roundup 

Pro®) and soluble powders do not require constant agitation once in solution. However, 

continuous agitation for some herbicide formulations such as emulsions, wettable 

powders, or liquid or dry flowables is required. Constant agitation is needed to keep 

these herbicide formulations in suspension or they will tend to separate or settle out 

within the sprayer tanks. Separation ( or settling) causes the herbicide concentration to 
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vary greatly within the spray tank resulting in potentially undesirable weed control and 

possible injury to desirable plant species. 

Mechanical agitators are propellers or paddles mounted on a shaft near the bottom 

of the spray tank. They are generally operated at 100 to 200 RPMs. This is the best type 

of agitation system to utilize when mixing the herbicide formulations which require 

constant agitation such as the wettable powders. 

Hydraulic agitation, commonly referred to as bypass agitation, involves 

discharging a portion of the pump output from the pressure side of the pump through tube 

openings along the tank bottom or through special venturi injector agitator nozzles. On 

many of the ODOT sprayers, this type of bypass agitation is developed by mounting a 

"sparger" tube near the bottom of the tank (Figure 10.2). This tube has a series of holes 

drilled in it so that it creates the agitation necessary to keep the herbicides suspended 

adequately during the spraying operation. Properly designed and functioning sparge 

tubes should run the length of the tank and are very important when using Oust®, 

Karmex®, atrazine or Escort® herbicides. 

10.2.4 Strainers 

The herbicide spray mixture needs to be filtered properly with the use of strainers. 

This not only protects the working parts of the spraying system but also avoids the 

potential of misapplication due to the nozzle tip(s) clogging. Strainers are classified by 

mesh numbers which indicate the number of openings per square inch (Figure 10.4). 

Strainers with high mesh numbers have smaller openings than strainers with low mesh 

numbers. For example, a SO-mesh strainer will catch smaller foreign particles than a 20-
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mesh strainer. There are three types of strainers commonly used on sprayers; tank filler 

(opening), in-line and nozzle. As the herbicide spray mixture moves through the sprayer 

system, the strainer size openings (mesh) should become progressively smaller. A 10- to 

20-mesh strainer is recommended for the tank filler opening. For centrifugal pumps, an

in-line strainer of 5- to 10-mesh, but no smaller than 20-mesh is recommended 

(Figure 10.5). This strainer should be placed on the suction side of the pump between the 

pump and the spray tank. It should be cleaned frequently (daily) and have an effective 

straining area several times larger than the cross-section area of the suction line. A 20-50 

mesh nozzle screen may sometimes be used on the pressure side of the pump to insure 

that the nozzle(s) does not clog. However, with the use of many solid stream tips, boom 

buster tips or off-center nozzles, a strainer is usually not used or sometimes not even 

recommended for use because of the larger tip orifices. 

Figure 10.4 Figure 10.5 
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10.2.5 Hoses 

The use of synthetic rubber or plastic hoses (high pressure types) having a burst 

strength greater than the peak operating pressure of the sprayer system is recommended. 

This high pressure hose will usually have a bursting pressure of 200 psi or greater. The 

use of any other type hoses, such as garden hose, is discouraged. Hoses or sprayer lines 

must be properly sized for the system, flexible, durable and be resistant to oils and 

solvents in herbicide formulations. They must also be weather resistant (i.e. to sunlight, 

ozone, etc.) and resistant to general abuse such as twisting, pulling, shock load or 

"hydraulic hammer" effects and vibration. The suction line can often be the source of 

pressure problems. It must be airtight, noncollapsible, as short as possible and have an 

inside diameter as large as the pump intake. A collapsed suction hose will restrict flow, 

starve or cavitate a pump causing damage to pump seals. There should be as few 

restrictions and fittings as possible between the pump and the nozzle tip(s). Proper line 

and hose size will vary with the size and capacity of the pump and nozzle(s) size. A high, 

but not excessive, fluid velocity should be maintained throughout the system. When 

using centrifugal pumps, it is recommended that the inside diameter of the discharge hose 

be the same size as the output side of the pump. This hose I.D. should be maintained and 

routed as close to the nozzle tip(s) as possible and should be kept short as possible. This 

maximizes the efficiency of the pump (and bypass agitation) while minimizing friction 

loss in the lines or hoses. 
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10.2.6 Valves and Pressure Gauges 

The major component of the sprayer flow control system is a pressure shut-off 

valve or a throttling valve. It directs the flow of the spray mixture and insures sufficient 

flow reaches the nozzle tip( s) at the desired pressure. The output of a centrifugal pump is 

regulated by a throttling valve which is basically a simple gate or globe valve 

(Figure 10.6). A pressure regulating valve on this type of flow system is not required. 

For accurate pressure control, a special throttling valve requiring several turns to open 

completely, should be used. Electrically controlled throttle valves are also commercially 

available which permit remote operation. These valves are usually mounted in such a 

manner as to allow the remaining discharge or excess flow from the pump ( other than 

what is necessary for application) to be used for bypass or hydraulic agitation in the 

system. A second valve, commonly referred to as a "shutoff valve," is activated by an 

electric solenoid that is operated remotely by the applicator (Figure 10. 7). This valve is 

mounted on the output or discharge line near the nozzle tip( s) to turn the sprayer on or 

off. It is imperative that this valve be operating properly (not leaking) to avoid 

misapplication on rights�of-way near sensitive areas. 

Figure 10.6 A throttle valve. 
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Figure 10.7 A shutoff valve activated by an electric solenoid. 

A pressure gauge is an integral part and a "must" of every spray system to 

correctly indicate an accurate pressure at the nozzle tip(s). A liquid filled pressure gauge, 

with a maximum reading of 100 psi, is recommended for use on ODOT spray rigs 

(Figure 10.8) and should be mounted as close to the nozzle tip(s) as possible. This 

provides a more accurate pressure reading during the spraying operation and especially 

during the calibration process. If one is selecting a pressure gauge which isn't liquid 

filled, be sure the internal parts are constructed of materials that will resist corrosion from 

the spray mixture. 

Figure 10.8 A liquid filled pressure gauge. 
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10.2.7 Nozzles 

Nozzle (tip) selection is one of the most important factors affecting the 

performance of herbicide application equipment when treating roadsides. The nozzle 

type determines the uniformity and volume of the spray mixture applied, the 

completeness of coverage and the amount of drift. Although many nozzle types are 

available, each one is designed for specific purposes. The more common types preferred 

by ODOT for roadside rights-of-way spraying include the regular flat-fan (for boom-type 

applicators), boom buster, solid-stream and off-center. These will be covered in more 

detail in Section 10.6. 

There are a variety of materials used to manufacture nozzle tips. Brass tips are the 

most common and inexpensive. However, they wear rapidly, especially when using 

wettable powder formulations. This wear leads to improper application rates and poor 

spray patterns. Stainless steel or hardened stainless steel tips are noncorrosive and 

resistant to abrasion. These tips are recommended because they will usually provide the 

best performance for the price paid. A new design recently manufactured is a nylon tip 

with a stainless steel insert. This design offers an alternative to solid stainless steel tips at 

a reduced cost. 
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Figure 10.9 Commonly used hand spray guns for applying high volume herbicide 

treatments. 

10.3 Handgun Treatments (High Volume) 

The handgun is one of the most versatile and common types of herbicide 

application equipment (Figure 10.9). It can be utilized to treat accessible as well as 

inaccessible roadside sites which require either a spot or broadcast type of treatment. It 

can be attached to any size reservoir (spray tank) with any length of hose. The handgun 

is usually equipped with a disc tip to produce a solid-stream pattern (Figure 10.10). 

These discs are usually made of materials which resist abrasion. When using a handgun, 

it is recommended that the device be adjustable so that the spray pattern can be changed 

from a solid stream to a wide cone pattern with an internal core. Droplet size is 

determined by the amount of pressure on the sprayer system and size of the ( spray tip) 

orifice. The overall pumping pressure on the sprayer system available at the handgun is 

determined by the length and size (inside diameter) of the hose used. The handgun is 

generally used to make a high volume application with carrier rates at 100 GP A 
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(935 LHa) or greater. As referenced in Chapter 4, a handgun can be utilized to apply a 

postemergent spot or broadcast treatment for summer and winter broadleaf weeds 

(Section 5.5), musk thistle (Section 5.6), Scotch thistle (Section 5.7), brush (Section 5.10) 

and for aquatic weed control (Section 5.14). 

Figure 10.10 A disc tip used in a hand spray gun for producing a solid-stream pattern. 

10.4 Broadcast Treatments 

Broadcast herbicide applications are the most common method that ODOT uses to 

treat the majority of roadside rights-of-way in Oklahoma. As the name implies, when 

making a broadcast application, the full width of the spray swath or pattern is treated with 

the herbicide spray mixture at a uniform rate. The width of the spray pattern is 

determined primarily by the nozzle tip size and the sprayer pressure. The most common 

type of broadcast application is made utilizing boomless nozzles (tips). These include 

using the boom buster, solid-stream and off-center nozzles which will be covered in more 

detail in Section 10.6. The spray pattern produced by most of these boomless nozzles is 

somewhat flat and arc-shaped. A fairly uniform application rate is produced across the 

spray pattern width. The major advantage of using boomless nozzles to make broadcast 

herbicide applications is the ability to spray from the somewhat smooth surface of the 
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paved shoulder and nQl having to traverse the area to be treated. Boomless broadcast 

spraying enables the applicator to spray to the side of the equipment and avoid a variety 

of roadside obstructions such as guardrails, signposts, delineators, etc. This results in a 

more uniform speed and a better job of applying the herbicide to the targeted area. The 

major disadvantages of using boomless application equipment is the potential drift 

problems occurring during applications. 

Two other types of nozzles that ODOT may use on a very limited basis to make 

roadside broadcast applications include the flat-fan spray tip(s) and the wide angle or 

flood tips. Both will be discussed in more detail in Section 10.6. These nozzles are 

usually mounted on what is commonly referred to as a spray boom or spray bar on a 

boom-type sprayer. The boom-type sprayer consists of a spray bar or boom usually 

several feet in length on which are attached several flat-fan or flooding flat-fan nozzle 

tips. The advantage of using boom-type sprayers is that good spray coverage of the 

treated area can be achieved. The major disadvantage of using these sprayers is that they 

must traverse the area to be treated. This reduces the efficiency and productivity of the 

spraying operation, mainly due to the lack of speed at which the spray rig can operate. If 

set up properly, the boom sprayers have little problem with drift. 

10.5 Spray System Pressures 

Spray system pressures not only affect the amount of physical drift which may 

occur during the spraying operation (Section 4.5), but also directly affect the size of spray 

droplets. Regardless of what type of spray nozzle tip is utilized, there is an optimum 

range of pressures recommended by the manufacturer that maximizes the efficiency of 

10-15



that particular tip. Exceeding the recommended pressure of a specific nozzle tip reduces 

the droplet size, thus increasing the potential for physical drift to occur. Excessive spray 

pressures, usually greater than 30 psi (207 kPa), begin to atomize (make smaller) spray 

particles. One should always remember that the lower the operating pressure used, the 

less chance for particle drift. Lower pressure results in less spray mixture delivered while 

higher pressure results in more spray mixture being applied. Once a sprayer is calibrated, 

changing pressure is not a recommended procedure nor a good method to change sprayer 

output. Changing the pressure on the sprayer system will change the nozzle pattern and 

spray droplet size. Because pressure is a square root term, it must be increased four times 

to double the flow rate of a specific nozzle tip. As a result, changes in pressure will have 

minimal effect on the flow rate. If a major change is needed to apply a specific rate of 

herbicide, then it is recommended that one change the nozzle tip size to obtain the desired 

effect. Section 4.6, Part III of this manual addresses ODOT's Herbicide Program Policy 

with regards to pressures to be used with specific types of herbicide application 

equipment. This policy states that operating pressures "shall not exceed 206.84 kPa (30 

psi) when making broadcast applications with a solid-stream nozzle and shall not exceed 

172.375 kPa (25 psi) when making broadcast applications with a fan type nozzle." A fan 

type nozzle would include flat-fan nozzles, off-center and boom buster nozzle tips. This 

policy further states that "when utilizing a handgun-type application method, follow label 

instructions for appropriate application pressures." Unless making a foliar application 

targeting specific brush species with a handgun (which requires higher operating 

pressures), pressures should rarely exceed 20 to 30 psi (138 to 207 kPa) when using 

10-16



herbicide application equipment such as the Solo backpack sprayer. Normally 20 to 25 

psi (138 to 172 kPa) is more than adequate to obtain the desired spray pattern. 

10.6 Nozzle Tips and Sizes for Roadside Herbicide Applications 

As previously mentioned in Section 10.2. 7, there are several nozzle types of 

various sizes available for roadside herbicide applications. These include the flat-fan, 

boom buster, solid-stream and off-center. 

10.6.1 Flat-Fan Nozzle Spray Tips 

For boom-type broadcast herbicide applications, the nozzle tips often preferred are 

either the regular flat-fan or the flooding type spray tip. The regular flat-fan spray tip is 

one of the most commonly used for boom application of herbicides. It produces a flat 

spray pattern with tapered edges (Figure 10.11 ). Because the outer edges of this pattern 

receive less volume, spray patterns from adjacent tips must be overlapped 30% for flat­

fan tips. Flat-fan nozzles are usually spaced 20 inches (50.8 cm) apart on the boom 

(Figure 10.12). Height of the boom above the target varies with fan angle. Closer or 

wider spacing is possible and may be compensated for by raising or lowering the boom. 

The more common tips that are available include those with spray angles of discharge of 

65, 80 and 110 degrees. Uniform application with these types of tips on a spray boom 

require that nozzles are evenly spaced, all nozzles have the same fan angle and flow rate, 

and the boom is parallel with the ground. The normal operating pressure for most flat-fan 

nozzles may range from 15 to 60 psi (103 to 414 kPa), however, low-pressure, flat-fan 

nozzles can operate at pressures from 15 to 20 psi (103 to 138 kPa) very effectively. 
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Figure 10.11 A regular flat-fan spray tip produces a flat pattern tapered at the edges 

(must remount spray pattern as not true to cardinal directions). 

AT LOW 
PRESSURE 

Figure 10.12 Spray patterns from adjacent nozzles must be overlapped to produce 

uniform spray coverage. 

Flat Fan Spray Overlap (30% overlap) 

,--20'� 

The flooding flat-fan nozzle tips produce a wide-angle flat spray pattern, usually 

from 115 to 125 degrees in angle (Figure 10.13). They can be operated at very low 

pressures from 10 to 25 psi (69 to 172 kPa) (optimum range) while producing large spray 

droplets. The nozzle spacing should be less than 60 inches (152.4 cm), with 40 inches 

(101.6 cm) being recommended (Figure 10.14). Pressure changes on flooding flat-fan 

spray nozzles affect the angle and width of the spray pattern more than on the regular flat-

fan nozzles. The width of the spray pattern increases as pressure increases. The 

discharge can be directed horizontally backward for a uniform pattern or downward for 
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minimum drift potential. The best compromise position is backward or tilted at a 

45-degree angle with the soil surface (Figure 10.15). Spray patterns should overlap 100% 

for uniform distribution, therefore, the area sprayed by one nozzle should be twice as 

wide as the nozzle spacing. Boom height is adjusted until this overlap is achieved. 

Figure 10.13 A flooding flat-fan nozzles (a) produces a wide-angle flat spray pattern (b). 

Figure 10.14 Recommended nozzle spacing on a boom containing flooding flat-fan 

nozzles is 40 inches in order to achieve 100% pattern overlap. 

Flooding Nozzle Spray Overlap (100 Percent)

......, ___ 40"-----.. 
,. 

"---------- 80" 
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Figure 10.15 Flooding Nozzle Operating Positions 

Flooding Nozzle Operating Positions 

Horizontal 

10.6.2 Boom Buster Spray Nozzles 

One of the more recent designs in boomless spray nozzle tip technology is the 

boom buster spray tip (Figure 10.16). Similar to the arc-shaped spray pattern produced 

by the off-center spray tip, the boom buster tip provides a more uniform spray 

distribution across its spray width (pattern). Boom buster tips produce a more uniform 

droplet size (fewer fine droplets) which is a major advantage when compared to the 

conventional off-center spray tip. Boom buster nozzles have been designed so that they 

can be used alone or in combination with other specific boom buster nozzle tips. 

Figure 10.17 supplies information on suggested nozzle combinations for a specific range 

of desired speeds. As recommended by the manufacturer, when ordering right-of-way 
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nozzles, the letter "R" needs to be added to the specific nozzle model number. Right-of­

way boom buster nozzle tips spray beneath and slightly behind the nozzle. Standard 

nozzles (those without an "R") spray beneath and further behind the nozzle to insure 

overlap when two nozzles are mounted back-to-back for band spraying. The newer 

model of the Estes Roadside Sprayer Head incorporates a three-nozzle combination as 

opposed to using a single nozzle tip for roadside spraying. It utilizes the 260-1 lR, 375-R 

and 437-R boom buster nozzle model numbers. Each of these nozzles is designed to 

spray a specific pattern width with the 260-1 lR tip spraying 11 feet (3.4 m); the 375-R 

spraying 21.5 feet (6.6 m); and the 437-R tip spraying up to 29.5 feet (9.0 m). One of the 

major advantages of using a combination of three boom buster nozzles is that the desired 

spray pattern width is flexible or adjustable as the need arises while the applicator drives 

along the highway rights-of-way (Figure 10.18). An additional advantage is the ability to 

spray from the smooth surface of the roadside shoulder without having to traverse the 

area being treated. These three nozzles, when operated independently from each other 

( one at a time), will apply the same rate of spray mixture, when operated at the same 

speed and at the same pressure. The manufacturer suggests that the boom buster nozzles 

be operated at 40 psi (276 k.Pa), however, ODOT's Herbicide Program Policy restricts the 

maximum operating pressure to 25 psi (172 kPa). Boom buster tips produce perfectly 

good and uniform patterns when operating at 25 psi. As with most other types of 

boomless sprayers, drift from windy conditions is still a problem when using this 

particular nozzle tip(s); but because of the reduced number of fine particles drift is 

minimized. 
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Figure 10.16 The Boom Buster Spray Tip. 

Figure 10.17 

NOZZLE COMBINATIONS FOR SPEEDS FROM 4 TO 10 MPH 

MOD 120-SR MOD 180-10R MOD 265-R 

Band Width 5 Ft. Band Width 10 Ft. Band Width 19.5 Ft. 

NOZZLE COMBINATIONS FOR SPEEDS FROM 7 TO 15 MPH 

MOD 18CMSR MOD 260-11R MOD375-R 

Band Width 6 Ft. Band Width 11 Ft. Band Width 21.5 Ft. 

NOZZLE COMBINATIONS FOR SPEEDS FROM 16 TO 30 MPH 

MOD 260-SR MOD370-R MODSOO-R 

Band Width 5 Ft. Band Width 10 Ft. Band Width 20 Ft. 

Figure 10.18 
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10.6.3 Solid-Stream Spray Nozzles 

Another type of nozzle used for boomless broadcast herbicide applications on 

roadsides is the solid-stream spray nozzle tip (Figure 10.19). Solid-stream nozzles 

produce a solid stream similar to water coming out of a pipe. By design, these nozzles are 

used to treat a specific section or part of a spray pattern. For roadside rights-of-way 

application, they are most commonly used as a cluster of nozzle tips. Each part of the 

cluster (usually composed of several tips) is set to treat a defined section of the right-of-

way. The major advantage in using this type of boomless applicator is that the spray 

pattern width or swath is flexible or adjustable by turning specific nozzles in the cluster 

off and on with the use of an electric solenoid switch or valve. Also, another major 

advantage, as with the boom buster nozzle, is the ability to spray from the smooth surface 

of the roadside shoulder without having to traverse the area to be treated. ODOT's 

Herbicide Program Policy (refer to Section 4.6, Part Ill) allows an operating pressure of 

up to 30 psi (207 kPa) for this type of boomless applicator. The main disadvantage of 

using this type of nozzle is that wind will still tend to distort the spray pattern somewhat, 

but not as much as with the off-center nozzle. Drift of fine spray particles is still a 

concern, however, solid-stream sprayers produce fewer fine particles when compared to 

off-center sprayers and are equivalent to boom buster sprayers. 

Figure 10.19 The solid-stream nozzle (a) is used for making boomless broadcast 

herbicide applications (b ). 

(a) (b) 
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10.6.4 Off-Center Spray Nozzles 

The use of the off-center (OC) spray nozzle was the most common method of 

applying herbicides along highway roadsides in Oklahoma until only recently. Off-center 

nozzles produce a flat-fan spray pattern extending from one side of the nozzle tip 

(Figure 10.20). This allows spraying up to a 30-foot (9.1 m) spray swath without the use 

of a boom. This was the major reason ODOT began to use these nozzles in the late 

1970s. The wide width of the spray pattern allowed spraying from the smooth roadside 

shoulder without having to traverse the area to be treated. At that time, the use of these 

nozzles significantly improved the efficiency and productivity of applying herbicides 

along roadsides. 

Figure 10.20 The off-center nozzle is used for making boomless broadcast herbicide 

applications. 

Spray droplets at the end of the pattern nearest the OC nozzle are smaller, and 

droplets get larger towards the end of the spray pattern most distant from the nozzle. 

Drift is a major concern with these nozzles because of the wide range of droplet size. 

Spray coverage is relatively uniform when the nozzle is mounted at the proper height and 
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operated within a pressure range of 15 to 25 psi (103 to 172 kPa) (Section 4.6, Part III). 

The major disadvantages of using off-center nozzles are: 1) the spray swath is fixed and 

non-adjustable and 2) wind or any air turbulence will distort the spray pattern, causing 

irregular or variable spray coverage of the targeted area. These are the main reasons why 

ODOT has recently began to equip most boomless sprayers with either solid-stream or 

boom buster nozzles. 

10. 7 Checklist for Sprayer Problems

As long as ODOT continues to use herbicides to manage unwanted roadside 

weeds, situations may arise where the applicator experiences problems with the sprayer 

equipment performing properly. The following steps are recommended to be followed 

prior to calibration and use of the herbicide sprayer. These steps are to serve as a guide in 

minimizing potential sprayer equipment problems. 

Checklist Prior to Sprayer Operation 

REMEMBER TO WEAR GLOVES WHILE PERFORMING THESE PROCEDURES. 

1. Rinse tank and fill it with clean water.

2. Clean all nozzle tip(s) and screens. Use only a soft bristle brush similar to

a toothbrush. Do not clean nozzles with a pocket knife or other sharp or

hardened objects. Check nozzle tip(s) to make sure they are spraying

properly and producing the desired spray pattern (and width).

3. If using a sprayer equipped with several nozzle tips (such as the Solid­

Stream Estes Spray Head), check to be sure that all tips are of the
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appropriate size and are discharging equal amounts of water. If any tip 

should vary more than 10% from the manufacturer's suggested rate, it 

should be replaced. 

4. Run the sprayer to flush all hoses and booms, if appropriate, without the

spray nozzle tips(s) in place.

5. Replace the nozzle tip(s) on the spray boom, if appropriate. Run the

sprayer and check for leaks throughout the system and repair if needed.

6. With the appropriate nozzle tip(s) operating, adjust the engine speed

(RPM) on the truck while adjusting the flow control valve to obtain the

proper hydraulic fluid flow through the hydraulic fluid driven centrifugal

pump to obtain the desired pressure on the system. An alternative method

is to adjust the speed (RPM) on the auxiliary engine which drives the

centrifugal pump in order to obtain the desired spray pressure.

7. Once steps 1-6 are completed, the sprayer may be calibrated (refer to

Chapter 11 for specific calibration procedures to follow).

During the actual application operation, if a sprayer problem should arise, the following 

troubleshooting guide may be helpful in solving the problem. 
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TROUBLE SHOOTING GUIDE 

1. No delivery of spray liquid through the nozzles.
Check for:
a. Empty tank.
b. Clogged lines, screens or nozzle tips.
c. Sharp kinks in hoses.
d. Tank vent closed.
e. Improper or poor mixing ofherbicide(s).
f. Pump failure.
g. Pressure regulator failure (if one is used).

2. Fluctuating pressure.
Check for:
a. Material in supply tank is low.
b. Dirty screens.
c. Trash in the seat of the pressure regulator (if one is used).
d. Pump drive slipping (if using auxiliary engine).
e. Trash in pump.
f. Hydraulic fluid too hot and not adequately cooled (if using hydraulic fluid

driven centrifugal pumps).

3. Excessive abrasive action in the pump.
Check for:
a. Sand, grit, dirt or crystals.
b. Failure to use suction trainer.
c. Poor agitation of chemicals or mixtures containing solids.

4. Starved pump.
Check for:
a. Shut-off valve to pump is closed.
b. Too small of a suction hose or pipe.
c. Leaks in suction line.
d. Collapse in suction hose.
e. Kinks in suction hose.
f. Too long of suction.
g. Too high suction lift.
h. Stopped up in-line strainer.
i. Worn pump.

5. Dry Pump (no flow or liquid in pump).
Check for:
a. Running pump too long a period without liquid.
b. Running pump too long while trying to prime the pump.
c. Points mentioned in number 4 above.
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10.8 Proper Sprayer Cleaning, Storage and Maintenance Procedures 

It is an important responsibility of the ODOT herbicide applicator ( or other such 

designated person) to learn and understand the importance of proper procedures m 

cleaning, storage and maintenance of roadside sprayer equipment. 

10.8.1 Cleaning Herbicide Sprayer Equipment 

Both the outside and inside of the sprayer equipment requires regular cleaning to 

prevent an accumulation of herbicides. 

It 1s not recommended that an 

herbicide/water spray mixture be left in 

the tank overnight as equipment 

corrosion may occur and some 

herbicide( s) may tend to settle out as well. Proper cleaning procedures will reduce 

corrosion potential and prevent possible contamination which may result in damage to 

desirable vegetation. When cleaning spray equipment, be sure the rinse water does not 

drain into areas of desirable vegetation or where it may contaminate water supplies or 

streams. Rinse water should be applied to roadsides. Additionally, areas where spray 

equipment is cleaned should not be accessible to children, livestock, pets or wildlife. The 

following steps are recommended for thoroughly cleaning sprayers: 

1. Completely hose down the spray tank, both inside and out. Flush the

sprayer tank, lines, hoses, strainers and nozzle( s) thoroughly with clean

water. Apply the herbicide-contaminated rinsate to a labeled site such as

roadsides or around ODOT yard.
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2. Repeat the procedures given in Step 1.

3. A sufficient amount of water and detergent or water and ammonia should

be added to the spray tank to insure the cleaning solution reaches all parts

of the tank. Use 1 pound of detergent to 50 gallons of water (0.25 kg per

100 liters) or 1 quart of household ammonia per 25 gallons of water

(1 liter ammonia to 100 liters water).

4. Flush the entire spray system with the cleaning solution. Hormone-type

herbicides such as 2,4-D, Banvel or Vanquish can only be removed with

ammonia.

5. Wash the tank and pump parts by running the spray for about 5 minutes

and discharge a small amount either through the boom and/or nozzle

tip(s).

6 If possible, let the cleaning solution remain in the sprayer overnight.

(Please note: household ammonia will corrode aluminum sprayer parts).

7 Flush out the remaining ammonia-water solution through the nozzle tip(s)

by operating the sprayer or drain the sprayer completely.

8. Remove.nozzle tip(s) and strainer(s). Clean them in either an ammonia or

detergent solution, using a soft brush. Do not use a knife, wire or other

hard object to clean the nozzle tip(s). The precision-machined surfaces of

the tip(s) can be easily damaged causing a distortion of the spray pattern

and increased rates of application.
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9. Fill the spray tank about half full of clean water while hosing down both

the inside and outside, then flush out thoroughly through the boom and

reassemble.

10.8.2 Storage and Maintenance of Sprayer Equipment 

Prior to equipment storage over the winter season or at the end of the spray season 

the following steps are recommended: 

1. Clean the sprayer thoroughly.

2. Refill the tank with clean water.

3. Add 1 to 5 gallons (3.8 to 18.9 liters) of lightweight emulsifiable oil

(depending upon the size of the tank).

4. Flush the entire system with the water/oil mixture. As the mixture is

pumped from the sprayer, the oil will leave a protective coating on the

inside of the tank, pump and plumbing.

5. Remove and clean all nozzles and strainers and place them in diesel fuel or

kerosene to prevent corrosion. Cover the nozzle openings with tape to

prevent dirt and other foreign material from entering.

6. As an added precaution to protect pumps, pour 1 tablespoon (15 ml) of

radiator rust-inhibitor antifreeze into the pump inlet. Tum the pump

several revolutions to coat the internal surfaces. This will prevent the

pump from freezing or locking down if it is not used for an extended

period of time.
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7. Replace all damaged hoses, leaky valves or fittings, faulty solenoids and

any other defective or severely worn components. On older systems,

replace aged parts as a part of routine maintenance prior to their failure.
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Chapter 11.0 Herbicide Application Equipment Calibration 

11.01 Purpose 

The purpose of this chapter is to provide the reader with procedures for calibration 

of backpack and boom-type sprayers as well as boomless spray equipment including the 

off-center, solid-stream, and the boom buster nozzle. 

11.05 Introduction 

The purpose of calibrating a roadside herbicide sprayer is to insure that the 

equipment delivers the proper amount of herbicide uniformly over the targeted area in 

order to obtain the most effective and economical results. Consequently, proper sprayer 

calibration cannot be overlooked as an important part of a successful roadside herbicide 

program. Unfortunately, calibration is the one step in herbicide application that is most 

often neglected and misunderstood. 

11.1 Factors That Influence the Amount of Herbicide Applied to an Area 

There are four major variables which affect the amount of spray (herbicide/water 

mixture) applied to a given area. These include nozzle flow rate, carrier rate, ground 

speed and spray pattern width or nozzle spacing. 

11.1.1 Nozzle Flow Rate 
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Nozzle flow rate is expressed as gallons per minute (GPM) or liters per minute 

(LPM). This is the amount of herbicide/water mixture which is collected from a specific 

nozzle tip in one minute at a given pressure. The flow rate through a nozzle varies with 

the nozzle pressure and the size of the particular nozzle tip. Increasing the pressure or 

using a nozzle tip with a larger opening (orifice) will increase the flow rate. Increasing 

the pressure on the spray system does not give or result in a proportional increase in flow 

rate. For example, doubling the pressure will not double the flow rate from a particular 

nozzle tip. In order to double the output ( or flow rate) of a particular nozzle tip, the 

pressure must be increased four times. An example to illustrate this point follows: At 25 

psi (172 kPa), you collect 15 GPM (58.6 LPM); to double the nozzle flow rate to 30 GPM 

(206.9 LPM), the pressure would have to be increased to 100 psi (689.5 kPa). Therefore, 

the key point to remember is that pressure should not be used to make a major change in 

nozzle flow rate or delivery. It can be used to fine-tune or make minor changes. The 

most effective way to make a large change in delivery rate is either to change the nozzle 

tip size or make a change in the ground speed of the sprayer. It should be remembered 

that operating pressure must remain constant or be maintained within the recommended 

range for the particular nozzle type in order to obtain a uniform spray pattern and 

minimize drift potential. Changes in nozzle tip size can significantly change sprayer 

output or flow rate and will likely require a change in carrier rate. It is recommended that 

the manufacturers' catalogs be used to help select the proper tip size for the flow rate, 

speed, nozzle spacing, swath width and pressure that is desired. However, the calibration 

procedure must be conducted even if the sprayer is equipped with a new nozzle tip(s). 

11-2



11.1.2 Carrier Rate 

Carrier rate is the amount of herbicide/water mixture that is sprayed on each 

treated acre of area. Commonly referred to as the "application rate," it is expressed in 

gallons per acre (GPA) or liters per hectare (LPHa). Carrier rates are always available or 

given on the respective herbicide label(s) of the product(s) being used. The label(s) will 

usually have a range of carrier rates that the applicator can utilize, i.e., 20 to 50 gallons 

per acre (187 to 468 LPHa) for broadcast ground applications. 

11.1.3 Ground Speed 

The ground speed of the roadside sprayer is expressed in miles per hour (MPH). 

Ground speed of the sprayer varies inversely with the spray carrier rate ( application rate 

or GPA). Inversely means as one variable increases, the other decreases, or vice-versa. 

Doubling the ground speed of a sprayer will reduce the amount of spray applied (GPA) 

by one-half. For example, if a roadside spray rig was applying 20 GP A at 10 MPH, and 

the sprayer slowed down to 5 MPH, the carrier rate (GPA) increases to 40 GPM, which 

also doubles the herbicide rate. Changing the ground speed without recalibrating, will 

change the carrier rate (GPA) and the herbicide rate. 

11.1.4 Spray Pattern Width or Nozzle Spacing 

The spray pattern width (SW) is the average distance treated by the respective 

nozzle tip( s ), usually expressed in feet. Changing the effective spray width per nozzle 

will change the carrier rate (GPA) which will also change the herbicide rate. The spray 

pattern width (SW) varies inversely with the carrier rate (GPA). Doubling the spray 
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pattern width (SW) will reduce the carrier rate (GPA) by one-half. For example, a spray 

rig was calibrated to spray a 22 foot spray swath while delivering 25 GP A. The wind 

speed picked up and decreased the swath width to 11 feet. This increased the carrier rate 

to 50 GP A which doubled the herbicide rate. 

11.2 Calibration for Spot Treatment Applications 

Small capacity sprayers (such as the Solo backpack) or handguns can be utilized 

to make spot or broadcast handgun applications along roadside areas. These treatments 

can be applied using one of two methods. Applications may be made based on either a 

spray-to-wet or on an ™ basis. Roadside areas which may require using a small 

capacity sprayer or a handgun application include: small or irregular shaped areas (such 

as intersections or rest stops), under guard rails, around signs and delineator posts, bridge 

ends, brushy backslopes and tall trees. Spray-to-wet applications do not have a true 

calibration procedure, but simply involve mixing a specific amount of herbicide with a 

certain quantity of water. Applications made on a spray-to-wet basis involve spraying 

each targeted weed to the point at which the herbicide/water spray mixture begins to drip 

off the foliage. The solution should not run or pour off the leaves, as this would result in 

an over application. Depending on the herbicide selected and the size or type of targeted 

weeds, this method of application requires the applicator to achieve good coverage of the 

entire weed or brush target to obtain desirable results. A handgun which has a variable 

pattern is important when making spray-to-wet applications. 

Spot applications made on an area basis require the applicator to go through a 

calibration procedure. This type of application requires a specific number of gallons of 
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herbicide/water mixture to be applied per acre. While possible, it is very difficult for the 

applicator to be very precise with this specific method of application on a routine basis. 

When using this method, it is important to avoid an over-application of herbicide that 

would create an even greater problem. If the following steps and nomograph 

(Figure 11.1) are used correctly, herbicide applications made on an area basis with either 

a handgun or small capacity sprayer can be made with positive results. 

The following steps are recommended when calibrating a handgun or a small 

capacity sprayer to make a herbicide application on an area basis: 

Step 1. Mark off a given area (i.e., 100 square feet). 

Step 2. Fill the sprayer tank half full with water only. Run the sprayer until the 

desired pressure is reached. 

Step 3. Use a stop watch or watch with a sweep second hand and check nozzle 

flow rate by spraying into a measuring container marked in ounces. 

Step 4. On the nomograph (Figure 11.1), draw a straight line from the desired 

application rate on the top scale to nozzle capacity on the bottom scale. 

Step 5. Draw a second straight line from the size of the practice area on the left 

hand scale through the point of intersection of the first line and the 

"pivot line." The straight line will intersect the right hand scale and 

indicate the time required to spray the practice area. 

Step 6. Spray the practice area with water only, using the time indicated by the 

nomograph. Caution - Be sure to maintain the same pressure 

throughout the calibration application procedure. Every sprayer, even 

hand pump up sprayers, needs to be equipped with a pressure gauge. 
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Example: Use Figure 11.1. 

The example shown is for spraying a 100 square foot practice area where the 

nozzle capacity is 13.0 oz per minute and the desired application rate is 43 GPA. In this 

case, 60 seconds are needed to cover the practice area. By knowing the values for any 

three lines, you can solve for the fourth by drawing two straight lines. You may want to 

determine the application rate of your sprayer (GPA) for a given rate of coverage (time to 

spray a known area). You may want to select the proper nozzle size for your type of 

application. 

Figure 11.1. Nomograph for Calibrating Handgun or Small Capacity Sprayer 

Applications made on an Area Basis. 
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11.3 Boom-type Applications 

Even though boom-type sprayers are not :frequently used on rights-of-way, they 

can be effective when used on certain roadside situations. Interchanges, wide interstates, 

and urban areas are a few of the areas where boom-type sprayers would be very useful. 

The disadvantages of having to traverse the area to be treated with boom-type sprayers 

will limit their uses, but they can still be used very effectively to eliminate taller growing 

weeds in areas which would otherwise require :frequent mowings. 

The calibration of a boom-type sprayer is achieved by following these simple 

steps and using the nomograph (Figure 11.2). Remember that the area to be treated will 

have to be traversed, so a nozzle size should be selected which will allow you to travel at 

a reasonable speed (less than 4 mph). 

11.3.1 Calibration of Boom-type Sprayers 

1. Add water to the tank.

2. Check all strainers (includes filters and screens) to be sure they are clean.

3. Flush entire sprayer system with clean water.

4. Adjust sprayer system to the desired pressure (25 psi or less).

5. Adjust the spray boom above the ground or plant foliage for uniform

coverage of the area. The height should be set so that each nozzle will

overlap 30 percent when using the flat-fan spray tips. The height from

target weed to the nozzle will be approximately 18 inches with 80 degree

tips to 14 inches with 110 degree tips.
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6. Check the discharge rate by placing two containers under two different

nozzles, and measure the quantity of water discharged in one minute using

a stop watch or watch with a sweep second hand.

7. Pour the water collected from the two containers into a measunng

container marked in ounces and divide the total quantity collected by two.

A difference of 5% or more between two tips means they are worn and

should all be replaced.

8. This quantity is the average amount of liquid discharged per minute per

nozzle.

9. Measure the distance between the nozzle tips on the spray boom.

10. Determine the carrier rate (gallons per acre) you want to apply.· Normally

this figure will be 20 to 40 gallons per acre.

11. From the three values obtained in steps 8, 9 and 10, the proper speed can

the be calculated using a nomograph (Figure 11.2).

Example: Use Figure 11.2. 

From Step 8 above, the average amount of liquid discharged per minute per 

nozzle was 52 ounces. In Step 9, the nozzle spacing measured was 20 inches. From Step 

10, the desired carrier rate or application rate was 40 gallons per acre. 

Using a straight edge, draw a line from 52 ounces on the "calibration check line" 

through 40 gallons per acre on the "application rate line" and locate the point where line 

intercepts the "pivot line." Now draw a line through the intercept point on the "pivot 

line" and through 20 inches on the "nozzle spacing line" and locate the point where the 

11-8



line intercepts the "speed line." Read either 3 miles per hour or 46 seconds to travel 200 

feet. 

Figure 11.2. Nomograph for Calibrating Boom-Type Sprayers. 
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20 inches, and desired application rate is 20 gal./acre. 110 Solution: Using a straight edge, draw a line from 4 mph on IIO "speed line" through 20 inches on "nozzle spacing line" and 110 
locate point where line intercepts "pivot line". Now draw 140 a line through intercept point on "pivot line" and through IIO 
20 gal./acre on "application rate line" and locate point 
where line intercepts "calibration check line". Read either 
35 oz./min. or 0.27 gal./min. Select nozzle size to give 
0.27 gal./min. at desired pressure. Adjust pressure regulator
to give a flow rate of 35 ounces/minute from each nozzle. 
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11.4 Boomless Type Applications 

In Oklahoma, boomless are standard equipment for application of herbicides to 

highway rights-of-way. The main reason for their popularity is the ability to travel on the 

paved shoulder while treating the right-of-way. Not having to traverse the area to be 

treated allows for faster application speeds and a more efficient operation. The three 

types of boomless sprayer nozzle tips used by ODOT include the off-center, boom buster 

and solid-stream. 

11.4.1 Off-Center Nozzle Sprayers 

The disadvantages of using a sprayer equipped with an off-center nozzle are lack 

of adjustment for spray drift and spray pattern width. The off-center nozzle creates an 

arc-shaped pattern that creates many fine spray particles (mist) which will easily drift out 

of the target area. Drift control additives and maintaining operating pressures near 25 psi 

or less will help minimize fine spray droplets. Adjustment of the spray pattern width is 

limited and creates problems along narrow rights-of-way and along on/off ramps. An off­

center nozzle set up to treat 25 feet will maintain this pattern even on a right-of-way less 

than 25 feet. This does not allow for a buffer zone (i.e., zone which is not sprayed) and 

makes treating the rights-of-way very difficult. Applicators should be aware of this 

potential problem. If it is impossible to leave a buffer zone, then the application should 

be made using a handgun, wiper-type herbicide applicator or avoided entirely. 
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11.4.1.1 

1. 

2. 

3. 

4. 

5. 

Calibration of Boomless Off-Center or Boom Buster Nozzle Sprayers 

Add clean water to the tank. 

Check all strainers to be sure they are clean (includes filters or screens). 

Flush entire sprayer system with clean water. 

Adjust sprayer system to the desired pressure (25 psi or less). 

Place a container under the spray nozzle and catch the discharge for one 

minute. (Suggestion: Wrap a large plastic bag, such as a garbage bag, 

around the spray head or nozzle and secure it so that the discharge is 

directed into a large barrel). 

6. Accurately measure the quantity collected in gallons.

7. Set and measure the width of the spray pattern in feet. (At this point, you

may wish to refer to the appropriate speed (mph) adjustment chart for

boomless sprayer calibration in Section 11.4.4.

8. To calculate the ground speed, we use the following formula:

MPH= 495 x GPM
GPAxSW

MPH = miles per hour
GPM = gallons per minute
GP A = gallons per acre
SW= spray pattern width (feet)

9. Multiply the constant 495 by the discharge rate in gallons per minute

(given in Step 5).

10. Divide this quantity by the number of gallons per acre that you want to

apply (this broadcast rate is generally 20 to 40 GP A), multiplied by the

width of the spray pattern in feet (Step 7).
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11. The number you obtain is miles per hour.

Example: Discharge rate = 20 GPM 

Spray width = 25 feet 

Broadcast rate = 40 GP A 

MPH = 495 x 20 GPM 

40 GPA x 25 feet 

MPH=22QQ 

1000 

MPH= 9.9 (or 10) 

12. As a final calibration check, drive the spray rig in the yard applying water

at the ground speed obtained to simulate actual spraying conditions as

closely as possible. Remeasure the width of the spray pattern. If there is a

difference of more than one foot in pattern width, refigure the above

formula using the new spray pattern width or refer to speed adjustment

chart. This final procedure is critical and insures a more accurate

calibration which can prevent an over-application of the herbicide.

Recalibration may be required during the herbicide application. During the time a 

tank of herbicide/water has been mixed and transported to the application site, weather 

conditions (primarily wind) could change spray pattern widths. Also a change in 

direction of the spray vehicle will likely result in a change in spray width. Changing 

wind speed and direction will dramatically affect the spray pattern width which was used 

in initial and final calibration steps to determine the ground speed of the spray rig. If 

wind conditions have changed, the applicator will need to recalculate the ground speed of 

the spray rig. This calculation can be done in the_ field by a quick measure of the pattern 

width and referral to the appropriate speed adjustment chart given in Section 11.4.4. 

Using the new pattern width and the sprayer flow rate (which should not have changed 
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since initial calibration) the speed adjustment for the spray rig can be easily made. 

Depending upon the herbicide being used, failure to adjust the ground speed of the 

sprayer could result in poor weed control or damaged bermudagrass. These 

adjustments will require the applicator to visually check the spray pattern width 

frequently and be aware of changing wind speeds and directions. 

11.4.2 Boom Buster Nozzle Sprayers 

In recent years, many ODOT roadside boomless sprayers have been upgraded 

from the off-center nozzle and retrofitted with the boom buster nozzle tip(s). The 

technology behind the development of these nozzle tips is noted because of their ability 

to produce excellent, uniform spray patterns. During windy conditions, it appears the 

integrity of the spray pattern is better maintained than that of equivalent off-center nozzle 

tip(s) used previously. All boom buster nozzle tips are machined from solid stainless 

steel and have replaceable industrial grade nylon diffusers. The boom buster 

manufacturer states in their literature that tests have shown that this nylon will outlast 

stainless steel. Boom buster nozzle tips have gained so much in popularity, that the 

newer models of the Estes Roadside Spray Head are now equipped with boom buster 

nozzle tips instead of using the solid-stream spray tips. Approximately 75% of current 

ODOT spray trucks are using the boom buster tips. 

11.4.2.1 Calibrating Boom Buster Nozzle Sprayers 

To calibrate boom buster nozzle sprayers, use the same procedure as described in 

Section 11.4.1.1 for calibrating the off-center nozzle sprayer. If the roadside sprayer is 
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equipped with more than one boom buster nozzle tip, it is recommended that each tip be 

calibrated individually to do a better job of fine-tuning the sprayer. As spray pattern 

widths may vary during herbicide application, the appropriate speed adjustment chart( s) 

are available in Section 11.4.4 for the applicator to utilize if needed to make the necessary 

changes in speed. 

11.4.3 Solid-Stream Nozzle Sprayers 

Another popular boomless sprayer is the solid-stream sprayer. Solid-stream 

sprayers have gained in popularity during the recent past because of their adjustable spray 

pattern width. 

The solid-stream nozzles, operating at 25 to 30 psi, produce a solid stream of 

spray mixture which eventually breaks up into droplets. This reduces the amount of fine 

spray droplets produced and subsequently reduces the potential hazard of off-target drift. 

Solid-stream sprayers use a series of nozzles arranged in groups or clusters. Each 

group, which usually treats an area from six to nine feet, is controlled by an electric 

solenoid valve which can easily be turned on or off by the applicator. The groups are 

arranged ( during calibration procedures) so that when one group ends its spray width, the 

next group of nozzles will start its spray width. This creates an even distribution of 

herbicide, regardless of the number of nozzle groups operating. 

A solid-stream sprayer is calibrated in one of two ways. The correct calibration 

method, for any given sprayer depends on the type(s) and size of solid-stream nozzles 

which are used. Even though nozzles may be of different design (Veejet versus solid 

stream), if their flow rates are rated the same they will deliver the same amount of output 
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(GPM) while operating at similar pressures. Therefore, each group of nozzles should be 

adjusted to cover the same spray width. On other spray rigs, groups of nozzles may have 

different nozzle sizes. This would cause certain nozzle groups to have higher or lower 

outputs when operating at similar pressures. These spray rigs require each nozzle group 

to have higher or lower outputs when operating at similar pressures. These spray rigs 

require each nozzle group to be calibrated separately, and the spray width for each group 

of nozzles would be adjusted according to its specific output. To determine which 

calibration method to use, follow the basic procedures listed below: 

11.4.3.1 Calibration of Solid-Stream Nozzle Sprayers 

Basic Procedures 

1. Add clean water to tank.

2. Check all strainers, filters and screens to be sure they are clean.

3. Flush entire sprayer system with clean water.

4. Adjust the pressure for each nozzle group to the desired operating pressure

(25 to 30 psi).

5. Separately, collect and record the discharge from each nozzle group for

one minute, emptying the container between groups.

If the discharge from a nozzle group differs from the others by more than 24 fluid 

ounces, it is possible that the nozzle sizes in that group are different or are badly worn. 

Most spray tips will have a model number engraved on the side of the tip. Another way 

of determining if the various tips have similar outputs is to refer to the manufacturer's 

catalog using the model number and a given pressure. If the spray rig was designed for 
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the use of similar nozzle group output, replace the nozzles with the correct type and size 

and calibrate the sprayer using Method I. If the rig is designed for certain nozzle groups 

to have different flow rates, then calibrate the sprayer using Method IL 

Method I. 

1. Follow steps 1 through 4, previously mentioned in the Basic Procedures.

2. Adjust the spray pattern of each nozzle group to have uniform coverage

with a few inches of overlap between nozzle groups. Each nozzle group

should be adjusted to the same spray width (usually between six to nine

feet). Operate all nozzles and check the entire pattern for uniformity and

proper overlap between nozzle groups. After all tips have been set, spray

water while driving 8-10 mph on a concrete surface. Watch the drying

pattern to see if any fine-tuning of the spray tips is needed. The pattern

should dry uniformly.

3. Catch output from all nozzles for one minute and measure in gallons

(GPM).

4. While all nozzles are spraying, measure the total spray width (SW) to the

nearest foot.

5. With this information, the ground speed (MPH) of the spray rig can be

calculated as follows:

MPH = 495 X GPM

GPA x SW

MPH = miles per hour

GPM = gallons per minutes

GP A = gallons per acre
SW= spray width (feet)
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Example: Using Method I. 

Method II. 

Output rate = 16 GPM 
Spray width = 36 feet 
Broadcast rate = 20 GP A 
MPH = 495 X 16 GPM 

20 GPA x 36 feet 
MPH = 2200 

720 
MPH = 11.0 

1. Follow steps 1 through 4, previously mentioned in Basic Procedures.

2. Catch the output from each nozzle group, making a note of each group's

output in ounces per minute (OPM).

3. Change OPM to gallons per minute (GPM) by dividing by 128.

GPM = � 
128 

GPM = gallons per minute 
OPM = ounces per minute 

4. Using the selected ground speed of 11.5 MPH and broadcast rate of 20

GP A, the spray width (SW) may be calculated for a specific nozzle group

as follows:

SW=495xGPM
GPAxMPH 

This calculation will have to be made for each nozzle group which is 

producing an output that differs by more than 24 fluid ounces from other 

nozzle groups. The spray width ( calculated) should be adjusted so as to 

apply to the correct amount of carrier per acre. 
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Example: Using Method II. 

Broadcast rate = 20 GP A 

Ground speed = 11.5 MPH 

Output from nozzle Group #1 = 490 oz per minute 

a. GPM = OPM = � = 3.8

128 128 

b. SW = 495 x GPM

GPAxMPH

SW= 495 x 3.8 GPM
20 GPA x 11.5 MPH 

SW = l8ll 
230 

SW= 8.17 or 8.2 feet 

The spray width for nozzle group #1 should be adjusted to treat 8.2 feet. Repeat 

this procedure for each nozzle group and adjust the spray width as calculated. When 

properly calibrated, each nozzle group will be applying 20 gallons of earner 

(herbicide/water) per acre. 

11.4.4 Speed Adjustment Charts 

Over the past few years, several speed adjustment charts have been developed as 

an aid to the ODOT applicator. These charts have been distributed to ODOT personnel in 

the past at the fall ODOT CEU training programs. The primary purpose in developing 

the speed adjustment charts was to provide additional assistance to the ODOT applicator 

during sprayer calibration procedures. In addition, the use of these charts is encouraged 

when the ODOT applicator may need to make an adjustment in ground speed during the 

actual herbicide application due to a change in the spray pattern width. The major 

advantage in using the speed adjustment chart(s) is the elimination of the need for the 

ODOT applicator to go through the mathematical steps necessary to obtain the correct 
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ground speed of the sprayer in order to apply the proper herbicide rate. Additionally, 

these charts are a quick, yet accurate method for obtaining correct ground speed; 

eliminating the potential for mathematical errors to occur and allowing the ODOT 

applicator a more effective and efficient use of his/her time. 

The following speed adjustment charts have been developed for both the Boom 

Buster {Tables 11.1-11.3) and off-center (Table 11.4) spray nozzles. Refer to the 

appropriate spray nozzle tip (size), nozzle flow rate (GPM), carrier rate (GPA) and spray 

pattern width (SW) to obtain the correct information for the variables mentioned above. 

Be sure the numbers "match" before using one of the charts. If the numbers are not 

consistent, the applicator will have to go through the steps outlined in Section 11.4.3.1 to 

obtain the proper ground speed for the solid-stream spray rig. 
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Table 11.1 

7 

GPM 

6.0 14.1 

6.5 15.3 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

20.0 

20.5 

21.0 

21.5 

22.0 

Speed chart for use with Boom Buster tips 260-llR, 375-R and 437-R when using a 30 GPA carrier rate. 

Effective Spray Swatch (feet) 
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Vehicle Speed miles •er hour) 

12.4 11.0 9.9 9.0 8.3 7.6 7.1 6.6 

13.4 11. 9 10.7 9.8 8.9 8.3 7.7 7.2 

14.4 12.8 11.6 10.5 9.6 8.9 8.3 7.7 

15.5 13.8 12.4 11.3 10.3 9.5 8.8 8.3 7.7 7.3 6.9 6.5 6.2 

14.7 13.2 12.0 11.0 10.2 9.4 8.8 8.3 7.8 7.3 6.9 6.6 

15.6 14.0 12.8 11.7 10.8 10.0 9.4 8.8 8.3 7.8 7.4 7 

14.9 13.5 12.4 11.4 10.6 9.9 9.3 8.7 8.3 7.8 7.4 

15.7 14.3 13. l 12.1 11.2 10.5 9.8 9.2 8.7 8.3 7.8 

15 13.8 12.7 11.8 11 10.3 9.7 9.2 8.7 8.3 

15.8 14.4 13.3 12.4 11.6 10.8 10.2 9.6 9.1 8.7 

15.1 14 13 12.1 11.3 10.7 IO. I 9.6 9.1 8.6 8.3 7.9 

14.6 13.6 12.7 11.9 11.2 10.5 10.0 9.5 9.0 8.6 8.3 

15.2 14.1 13.2 12.4 11.6 11.0 10.4 9.9 9.4 9.0 8.6 

14.7 13.8 12.9 12.1 11.5 10.9 10.3 9.8 9.4 9.0 

15.3 14.3 13.4 12.6 11. 9 11.3 10.7 10.2 9.8 9.3 

14.9 13.9 13.1 12.4 11.7 11.l 10.6 10.1 9.7 

15.4 14.4 13.6 12.8 12.2 11.6 11.0 10.5 10.0 

15.0 14.1 13.3 12.6 12.0 11.4 10.9 10.4 

15.5 14.6 13.8 13.0 12.4 11.6 11.3 10.8 

15.0 14.2 13.5 12.8 12.2 11.7 11.l 

15.5 14.7 13.9 13.2 12.6 12.0 11.5 

15.1 14.3 13.6 13.0 12.4 11.8 

15.6 14.8 14.0 13.4 12.8 12.2 

15.2 14.4 13.8 13.1 12.6 

14.9 14.1 13.5 12.9 

15.3 14.5 13.9 13.3 

14.9 14.3 13.6 

15.3 14.6 14.0 

15 14.3 

15.4 14.7 

15.1 

15.4 

24 25 26 27 28 29 30 

7.6 7.3 7.0 6.7 6.5 

7.9 7.6 7.3 7.0 6.8 

8.3 7.9 7.6 7.3 7.1 

8.6 8.3 7.9 7.6 7.4 

8.9 8.6 8.3 7.9 7.7 

9.3 8.9 8.6 8.3 8.0 

9.6 9.2 8.9 8.6 8.4 

10.0 9.6 9.2 8.9 8.5 

10.3 9.9 9.5 9.2 8.8 

10.7 10.2 9.8 9.5 9.1 8.8 8.5 

11.0 10.6 10.2 9.8 9.4 . 9.1 8.8 

11.3 10.9 10.5 10.1 9.7 9.4 9.1 

11.7 11.2 10.8 10.4 10.0 9.7 9.4 

12.0 11.6 11.1 10.7 10.3 10.0 9.6 

12.4 11.9 11.4 11.0 10.6 10.2 9.9 

12.6 12.2 11.7 11.3 10.9 10.5 10.2 

13.1 12.5 12.1 11.6 11.2 10.8 10.5 

13.4 12.9 12.4 11. 9 11.5 11.l 10.7 

13.8 13.2 12.7 12.2 11.8 11.4 11 

14.1 13.5 13 12.5 12.1 11.7 11.3 

14.4 13.9 13.3 12.8 12.4 11.9 11.6 

14.8 14.2 13.7 13.2 12.7 12.2 11.8 

15.1 14.5 14 13.4 13 12.5 12.1 



Table 11.2 Speed chart for use with Boom Buster tips 260-ltR, 375-R and 437-R when using a 25 GPA carrier rate. 

Effective Spray Swath (feet) 
8 9 10 11 12 13 14 15 16 17 . 18 19 20 21 22 23 24 25 26 27 28 29 30 

GPM Vehicle Speed (miles oer hours' 
6.0 14.9 13.2 11.9 10.8 9.9 9.1 8.5 7.9 
6.5 14.3 12.9 11.7 10.7 9.9 9.2 8.6 
7.0 15.4 13.9 12.6 11.6 10.7 9.9 9.2 
7.5 14.9 13.5 12.4 11.4 10.6 9.9 9.3 8.7 8.3 7.8 7.4 

8.0 14.4 13.2 12.2 11.3 10.6 9.9 9.3 8.8 8.3 7.9 

8.5 15.3 14.0 12.9 12.0 11.2 10.5 9.9 9.4 8.9 8.4 

9.0 14.9 13.7 12.7 11.9 11.l 10.5 9.9 9.4 8.9 
9.5 15.7 14.5 13.4 12.5 11.8 11.l 10.5 9.9 9.4 

10.0 15.2 14.1 13.2 12.4 11.6 ll 10.4 9.9 

10.5 14.9 13.9 13 12.2 11.6 10.9 10.4 

11.0 15.6 14.5 13.6 12.8 12.1 11.5 10.9 10.4 9.9 9.5 9.1 8.7 8.4 8.1 7.8 

11.5 15.2 14.2 13.4 12.7 12.0 11.4 10.8 10.4 9.9 9.5 9.1 8.8 8.4 8.1 

12.0 14.8 14.0 13.2 12.5 11.9 11.3 10.8 10.3 9.9 9.5 9.1 8.8 8.5 

12.5 15.5 14.6 13.8 13.0 12.4 11.8 11.3 10.8 10.3 9.9 9.5 9.2 8.8 

13.0 15.1 14.3 13.5 12.9 12.3 11.6 11.2 10.7 10.3 9.9 9.5 9.2 

13.5 14.8 14.1 13.4 12.7 12.2 11.6 11.l 10.7 10.3 9.9 9.5 

14.0 15.4 14.5 13.9 13.2 12.6 12.1 11.6 11.l 10.7 10.3 9.9 

14.5 15.1 14.4 13.7 13.1 12.5 12.0 11.5 11.0 10.6 10.3 

15.0 14.9 14.1 13.5 12.9 12.4 11.9 11.4 11.0 10.6 

15.5 15.3 14.6 14.0 13.3 12.8 12.3 11.8 11.4 11.0 10.6 10.2 

16.0 15.1 14.4 13.8 13.2 12.7 12.2 11.7 11.3 10.9 10.6 

16.5 15.6 14.6 14.2 13.6 13.1 12.6 12.1 11.7 11.3 10.9 

17.0 15.3 14.6 14.0 13.5 12.9 12.5 12.0 11.6 11.2 

17.5 15.1 14.4 13.9 13.3 12.8 12.4 11.9 11.5 

18.0 15.5 14.9 14.3 13.7 13.2 12.7 12.3 11.9 

18.5 15.2 14.7 14.1 13.6 13.1 12.6 12.2 

19.0 15.0 14.5 13.9 13.4 13.0 12.5 

19.5 15.4 14.9 14.3 13.8 13.3 12.9 

20.0 15.2 14.7 14.1 13.7 13.2 

20.5 15.6 15 14.5 14 13.5 

21.0 15.4 14.9 14.3 13.9 

21.5 15.2 14.7 14.2 

22.0 15.6 15 14.5 
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Speed chart for use with Boom Buster tips 260-llR, 375-R and 437-R when using a 20 GPA carrier rate. 

Effective Spray Swath (feet) 

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Vehicle Speed (miles per hour) 

13.5 12.4 11.4 10.6 9.9 9.3 8.7 

15.2 13.9 12.9 12.0 11.2 10.1 9.5 

14.4 13.3 12.4 11.6 10.8 10.2 

15.5 14.3 13.3 12.4 11.6 10.9 10.3 9.8 9.3 

15.2 14.1 13.2 12.4 11.6 11 10.4 9.9 

15.0 14.0 13.1 12.4 11.7 11.1 10.5 

14.9 13.9 13.1 12.4 11.7 11.1 

15.7 14.7 13.8 13.1 12.4 11.8 

15.5 14.6 13.8 13 12.4 

15.3 14.4 13.7 13 

15.1 14.3 13.6 13.0 12.4 11.8 11.3 10.9 10.5 10.1 9.7 

15.8 15 14.2 13.6 12.9 12.4 11.9 11.4 10.9 10.5 10.2 

15.6 14.9 14.1 13.5 12.9 12.4 11.9 11.4 11.0 10.6 

15.5 14.7 14.1 13.5 12.9 12.4 11.9 11.5 11.0 

15.3 14.6 14.0 13.4 12.9 12.4 11.9 11.5 

15.2 14.5 13.9 13.4 12.9 12.4 11.9 

15.1 14.4 13.9 13.3 12.8 12.4 

15.0 14.4 13.8 13.3 12.8 

15.5 14.9 14.3 13.8 13.3 

14.8 14.2 13.7 13.2 12.8 

15.2 14.7 14.1 13.7 13.2 

15.1 14.6 14.1 13.6 

15.6 15.0 14.5 14.0 

15.5 14.9 14.4 

15.4 14.9 

15.3 



Table 11.4 Speed chart for use with the off-center OC-150 nozzle when using 20, 25 or 30 GPA carrier rate. 

! I I 

Sorav Width (feet) i I 

20 21 22 23 24 25 26 27 28 29 30 i I 
GPMI Soraver Sneed (moh) I ! I 
12.5 15.5 14.7 14.1 13.5 12.9 12.4 11.9 11.5 11.0 10.7 10.3 ! 

13.0 14.6 14.0 13.4 12.9 12.4 11.9 11.5 11.1 10.7 i I 
13.5 15.2 14.5 13.9 13.4 12.9 12.4 11.9 11.5 11.1 I 20 

14.0 14.4 13.9 13.3 12.8 12.4 11.9 11.6 I GPA 

14.5 15.0 14.4 13.8 13.3 12.8 12.4 12.0 ! 

15.0 14.9 14.3 13.8 13.3 12.8 12.4 I 

15.5 15.3 14.8 14.2 13.7 13.2 12.8 i 

16.0 15.2 14.7 14.1 13.7 13.2 ! 

I I 
i 
I 

Sprav Width (feet) 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

GPM Spraver Speed (mph) I 
12.5 15.5 14.6 13.8 13.0 12.4 11.8 11.3 10.8 10.3 9.9 9.4 9.2 8.8 8.5 8.3 

13.0 15.1 14.3 13.5 12.9 12.3 11.7 11.2 10.7 10.3 9.9 9.5 9.2 8.9 8.6 

13.5 14.9 14.1 13.4 12.7 12.1 11.6 11.1 10.7 10.3 9.9 9.5 9.2 8.9 

14.0 15.4 14.6 13.9 13.2 12.6 12.1 11.6 11.1 10.7 10.3 9.9 9.6 9.3 25.0 

14.5 15.1 14.4 13.7 13.1 12.5 12.0 11.5 11.0 10.6 10.3 9.9 9.6 GPA 

15.0 15.6 14.9 14.1 13.5 12.9 12.4 11.9 11.4 11.0 10.6 10.2 9.9 

15.5 15.3 14.6 14.0 13.3 12.8 12.3 11.8 11.4 11.0 10.6 10.2 

16.0 15.1 14.4 13.8 13.2 12.7 12.2 11.7 11.3 10.9 10.6 

i I 
Sorav Width (feet) 

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

GPMI Spraver Speed (mph) I 

12.5 14.7 13.8 12.9 12.1 11.5 10.9 10.3 9.8 9.4 9.0 8.6 8.3 7.9 7.6 7.4 7.1 6.9 

13.0 15.3 14.3 13.4 12.6 11.9 11.3 10.7 10.2 9.8 9.3 8.9 8.6 8.3 7.9 7.7 7.4 7.2 

13.5 14.9 13.9 13.1 12.4 11.7 11.1 10.6 10.1 9.7 9.3 8.9 8.6 8.3 8.0 7.7 7.4 30.0 

14.0 15.4 14.4 13.6 12.8 12.2 11.6 11.0 10.5 10.0 9.6 9.2 8.9 8.6 8.3 8.0 7.7 GPA 
14.5 15.0 14.1 13.3 12.6 12.0 11.4 10.9 10.4 10.0 9.6 9.2 8.9 8.5 8.3 8.0 

15.0 15.5 14.6 13.8 13.0 12.4 11.8 11.3 10.8 10.3 9.9 9.5 9.2 8.8 8.5 8.3 

15.5 15.0 14.2 13.5 12.8 12.2 11.6 11.1 10.7 10.2 9.8 9.5 9.1 8.8 8.5 
16.0 15.5 14.7 13.9 13.2 12.6 12.0 11.5 11.0 10.6 10.2 9.8 9.4 9.1 8.8 

I I I i I I 

I I 
Sorav Width (feet) 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 

GPM Spraver S1>eed (mph) 

21.0 15.3 14.4 13.7 13.0 12.4 11.8 11.3 10.8 10.4 10.0 9.6 9.3 9.0 8.7 

21.5 14.8 14.0 13.3 12.7 12.1 11.6 11.1 10.6 10.2 9.9 9.5 9.2 8.9 

22.0 15.1 14.3 13.6 13.0 12.4 11.8 11.3 10.9 10.5 10. l 9.7 9.4 9.1 

22.5 14.7 13.9 13.3 12.7 12.1 11.6 11.1 10.7 10.3 9.9 9.6 9.3 

23.0 15.0 14.2 13.6 12.9 12.4 11.9 11.4 10.9 10.5 10.2 9.8 9.5 40 

23.5 15.3 14.5 13.8 13.2 12.6 12. l 11.6 11.2 10.8 10.4 10.0 9.7 GPA 

24.0 14.9 14.1 13.5 12.9 12.4 11.9 11.4 11.0 10.6 10.2 9.9 

24.5 15.2 14.4 13.8 13.2 12.6 12.1 11.7 11.2 10.8 10.5 10.1 

25.0 14.7 14.1 13.5 12.9 12.4 11.9 11.5 11.0 10.7 10.3 

25.5 15.0 14.3 13.7 13.1 12.6 12.1 11.7 11.3 10.9 10.5 

26.0 14.6 14.0 13.4 12.9 12.4 11.9 11.5 11.1 10.7 

26.5 14.9 14.3 13.7 13.1 12.6 12.1 11.7 11.3 10.9 
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11.5 Ropewick or Wiper-Type Applicators 

Ropewick or wiper-type applicators wipe rather than spray nonselective 

herbicide/water mixture onto targeted weeds. The ropewick type applicators accomplish 

this by soaking a series of polyester over acrylic fiber core (Pl A) ropes with an 

herbicide/water mixture until saturated (Figure 11.3). More recent wiper-type applicator 

technology has resulted in the use of a canvas or canvas-type material "wrapped" around 

or covering the PVC type of pipewick applicator, replacing the Pl A ropes. A series of 

holes are drilled into the PVC pipe which allows the canvas material to become saturated 

with the herbicide/water mixture. This type of application has the potential to insure a 

more uniform "wetting" of the canvas as opposed to the Pl A ropes. Additionally, it may 

have the potential of achieving better "coverage" during the application, due to the fact 

that there is more surface area (canvas) with which the targeted weeds can come into 

contact. 

During application, the wiper-type applicator travels through the area intended for 

treatment and allows for taller, targeted weeds to come into contact with the applicator 

wiping apparatus. It is critical that the undesirable plants be taller than the desirable 

vegetation for this application method to work. The nonselective herbicide will then be 

applied selectively to the taller plants. Most targeted plants successfully treated will be 

controlled or killed. Since the area to be treated must be traversed, this is a time 

consuming application method. Areas which are severely infested require slower ground 

speeds and applications in two difference directions to assure better coverage and desired 

control. Hoses, manifolds and ropes or canvas must be kept clean at all times to operate 

effectively and efficiently. It is also important that the manifolds holding the 
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herbicide/water mixture be kept full to assure that ropes and canvas will stay saturated on 

a sloped area. The wiper-type applicators major advantage is that high winds do no affect 

their performance. Therefore, there is no problem with off-target drift. This makes the 

wiper-type applicator's use in urban areas, intersections and narrow rights-of-way 

practical. The calibration of wiper-type applicators involves pre-mixing of the 

herbicide/water into the proper proportions. Refer to the specific herbicide labels for 

recommended proportions to use. 

(water:Roundup Pro). 

Commonly used proportions are 2: 1 

Figure 11.3 Typical ropewick applicator showing the components assembled. 

Materials are (a) 3-inch PVC pipe; (b) capped fill spout - PVC; (c) end cap - PVC; (d) 

wick of Vi-inch diameter soft braided nylon marine rope; (e) rubber bushing (for Y2-inch 

rope) with compression cap. 
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11.6 Digital Speed Controls and Monitors 

When the initial ground speed for the herbicide application is calculated, or when 

the ground speed is adjusted during the actual application, it is very important that the 

ODOT applicator has an accurate means of monitoring ground speed. Using factory 

equipped speedometers and tachometers may commonly result in an error up to 

40 percent at lower speeds. Therefore, it is hiEhly recommended that each ODOT spray 

rig be equipped with a digital speed monitoring device, such as a Cale-An-Acre® device 

or equivalent. When properly calibrated, these units allow a very precise (to the nearest 

0.1 MPH) measurement of the ground speed of the sprayer. This assistance can result in 

an accurate application over the targeted area(s). Digital speed monitoring devices should 

be standard on all ODOT broadcast spray equipment that is not equipped with injection 

technology. 

11-26



Chapter 12.0 Pesticide Laws and Regulations 

12.01 Purpose 

The purpose of this chapter is to overview the Federal pesticide laws, Endangered 

Species Act, Noxious Weed Law, pesticide applicator licensing and certification 

requirements, and appropriate product storage and handling procedures. 

12.1 Federal Pesticide Laws 

The original federal law regulating pesticides was enacted in 194 7. Our current 

modem day pesticide law, passed by Congress in 1972 and amended numerous times, is 

referred to as the Federal Insecticide, Fungicide, and Rodenticide Act or FIFRA. All 

pesticides are regulated on the federal level by the Environmental Protection Agency 

(EPA). The EPA is charged by Congress to protect the nation's land, air and water 

systems. Currently, the EPA administers 11 comprehensive environmental protection 

laws. Some of these laws include FIFRA, Clean Air Act, Clean Water Act, Safe 

Drinking Water Act, Comprehensive Environmental Response Compensation and 

Liability Act ("Superfund") and Resource Conservation and Recovery Act. Through 

research, development, and technical assistance, EPA generates and disseminates sound 

science and engineering to support its missions. These efforts provide the data that the 

EPA needs to set and address priorities in identifying, assessing and managing risks to the 

public health and to the environment. EPA's research combines the in-house expertise of 
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agency scientists and engmeers with complementary research by universities and 

nonprofit organizations under a competitive, peer-review program. 

All pesticides must be registered with the EPA before they may be manufactured, 

sold, or imported for sale into the United States. The registration process is both lengthy 

and expensive, and it allows for comprehensive study of each pesticide to determine both 

efficacy on the target as well as possible adverse effects to the applicator or environment. 

Once a pesticide receives registration, all of the data will be summarized on the product's 

label and material safety data sheet. Under the FIFRA of 1972, all pesticides must be 

used as directed on their label. There are a few modifications to this rule and they will be 

discussed later in this chapter. State and local pesticide laws may exceed federal laws, 

· but they cannot be less stringent.

12.1.1 Endangered Species Act 

In 1972 Congress passed the Endangered Species Act (ESA) which required 

federal agencies including the EPA to ensure that their actions (including pesticide 

regulation) did not jeopardize an endangered or threatened species. When the dust had 

settled, the U.S. Fish and Wildlife Service (FWS) in conjunction with the EPA was 

responsible for regulating and enforcing the ESA. The FWS would determine which 

pesticide(s) had the potential to affect any listed species or its critical habitat. If a 

pesticide had the potential to cause adverse effects, labeling restrictions would be 

incorporated into the federal label preventing its use in the specific area of the species. 

The occupied ranges/habitats of an endangered species will be communicated to ODOT 

by one of three methods: 
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1. Information Bulletins - These bulletins are produced by EPA and the

FWS. The bulletins will be referenced on an affected herbicide label making the 

information enforceable under FIFRA Section 2 (p)(2)(B). Not all herbicides will have 

statements of this nature, only those determined by the FWS to pose a threat to any 

endangered species. 

2. Supplemental Labels - These labels will be produced by the companies

making and selling herbicides that are affected by the BSA. The labels are approved by 

the EPA as being part of the federal label, making the supplemental label information 

enforceable under FIFRA. 

3. Direct Contact with FWS Endangered Species Specialist.

The information bulletins will be the primary document to assist ODOT 

applicators in determining what species are endangered and where they reside in their 

counties. Currently, only the leopard darter {Table 12.1) has an official information 

bulletin. As information bulletins are produced, they will be distributed to affected 

ODOT field divisions by the OSU roadside vegetation management program staff. New 

information concerning the BSA will be covered thoroughly during fall CEU workshops. 
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Table 12.1. Endangered (E) or Threatened (T) Species in Oklahoma. 1998. 

Animals--16 species 

E -- Bat, gray (Myotis grisescens) 

E -- Bat, Indiana (Myotis soda/is) 

E -- Bat, Ozark big-eared (Corynorhinus [=Plecotus} townsendii ingens) 

E -- Beetle, American burying (=giant carrion) (Nicrophorus americanus) 

T -- Cavefish, Ozark (Amblyopsis rosae) 

E -- Crane, whooping ( Grus americana) 

E -- Curlew, Eskimo (Numenius borealis) 

T -- Darter, leopard (Percina pantherina) 

T -- Eagle, bald (Haliaeetus leucocephalus) 

E -- Falcon, American peregrine (Falco peregrinus anatum) 

T -- Madtom, Neosho (Noturus placidus) 

T -- Plover, piping (Charadrius melodus) 

E -- Rock-pocketbook, Ouachita (=Wheeler's pearly mussel) (Arkansia wheeleri) 

E -- Tern, least (Sterna antillarum) 

E -- Vireo, black-capped (Vireo atricapillus) 

E -- Woodpecker, red-cockaded (Picoides borealis) 

Plants--1 species 

T -- W estem prairie fringed orchid (Platanthera praeclara) 

12.2 Oklahoma Pesticide Laws and Regulations 

Oklahoma has passed laws and adopted regulations to implement federal laws and 

regulations and to deal with unique state pesticide situations. The Oklahoma State 

Department of Agriculture (OSDA) is the regulatory and enforcement agency in 

Oklahoma for all pesticide issues. The following information will summarize several 

OSDA laws and regulations that affect ODOT herbicide programs statewide. 

12.2.1 Oklahoma's Noxious Weed Law 

In the early and mid- l 990s, several Oklahoma legislatures held public hearings 

and meetings to determine how to best manage the growing numbers of invasive noxious 
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weeds throughout Oklahoma. Typically, a noxious weed will be a non-native (exotic) 

plant that has the potential to be of both an economic and environmental concern to 

Oklahoma's agriculture industry. There is also concern that the very aggressive noxious 

weeds may replace some of the more desirable but less aggressive native flora. This 

could result in an unwanted reduction in plant biodiversity. Oklahoma's current noxious 

weed law began on a small scale but is growing and in all likelihood will eventually 

encompass the entire state. By law, certain noxious weeds (Table 12.2) growing in 

certain Oklahoma counties (Table 12.3) must be prevented from flowering and producing 

seed by whomever owns or manages the land. 

Table 12.2. Noxious Weeds of Oklahoma ( as of Spring 1998) 

Weed Species 

Musk thistle 
Scotch thistle 
Canada thistle 

Scientific Name 

Carduus nutans 

Onoprodum acanthium 

Cirsium arvense 

Table 12.3. Counties Under the Oklahoma Noxious Weed Law (as of Summer 1998) 

Craig 
Delaware 
LeFlore 
Mayes 
McCurtain 
Ottawa 
Rogers 
Roger Mills 

This law makes ODOT responsible for control of all listed noxious weeds 

growing along the state highway system in designated counties. The law does not dictate 
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how to prevent seed set. It is possible to successfully use mowing, herbicides and 

sometimes even biological methods in an integrated approach to prevent seed set. The 

current noxious weed law applies to both public and private lands and puts the burden of 

identification, notification and enforcement upon the board of county commissioners. 

Upon a complaint, an area will be inspected, and if noxious weeds are present, the 

landowner/manager will be notified as to compliance procedures. If ignored, the county 

may trespass and implement some type of control at which point the landowner/manager 

will be billed. The board of commissioners has the right to contact the county treasurer 

and the cost of the control will be levied on the property. This cost plus interest shall 

then be considered a lien against the property. The noxious weed law will give 

landowners/managers who try to manage noxious weeds an enforceable law to direct 

other landowners who are in noncompliance. It boils down to common sense; if my 

neighbor is putting forth the effort then so should I. With the continued interest of state 

legislators, the noxious weed law will likely be modified numerous times in the next few 

years. Eventually, the entire state may be covered, and cost share programs may be 

provided. 

12.2.2 ODOT Pesticide Applicator Licensing and Certification Requirements 

By state law, ODOT must apply for a pesticide applicator's license each year. 

This license is secured annually by maintenance division personnel in Oklahoma City and 

distributed to the field divisions. The license issued to ODOT is valid for applications in 

category 6 (Right-of-way) and 5 (Aquatic). A copy of the license should be kept in all 
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spray rigs during all applications. An example of an ODOT pesticide applicator's license 

can be reviewed in Figure 12.1. 

Figure 12.1. 1998 ODOT Pesticide Applicator's License 

OKIAIIOJIA DEPAIITNENT OF AGIIICULTUIIE 

2800 N. Unc:otn Blvd. Olde. Clly, a< 73105-4298 (4051 521-3864 
PLANT l�D 4 CDhSUPE• S!AV 

P£STICIDl APPLlC,TOR'! LlCE�5E 'A01 

UNDEi AND SU!JftT TC'"( PRCV1S10�S :, T�t OkLAMOPA AG�ICULTUIAL coot, 

PUTlCIDE 11,flLICATGR'S LlCEUF. VALID 1, THE CATEEGRIES lNDIUT!O ULO\t 

O) AOUATIC

ISSUED TO 

,. e:01t 11t 
OKLA GEPT CF TRA�SPJITJTtON 
IUlr.HNUCE DIV 
ZCC Nl 21ST ST 
OKLA CITY, CK 111�!-?1�� 

(,.) IIHHTOFWU 

OIIT� Of JSIUl: oz,12,,3 
EXPt,ATtON l&Tf: 12/31/1q11 

IN,IIICIIIIICIU.ID ....... NllwaA'IIIIIIGr IAWCIIIULDllfO 
.aaA1111111 ...... &YftC�-----...... llm 

In the last 10 years ODOT has had a very progressive approach to pesticide 

applicator certification. By law, ODOT needs only a single certified applicator who 

would be responsible for securing the annual pesticide applicator license. All other 

ODOT applicators would not be required by law to be certified unless they were using a 

"Restricted Use" herbicide such as atrazine or picloram. Because of ODOT's 

commitment to a quality herbicide program, they decided years ago to encourage all 

applicators to certify in category 6 (Right-of-way). However, in 1994, it was made policy 

that all ODOT herbicides would be applied by certified applicators (Section 4.6). 

Certification and recertification requirements may be reviewed in Chapter 9.0. ODOT's 

internal equipment operator's certification requirements are more strict than federal or 

state laws; they add credibility to the overall herbicide program. 
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12.2.3 Herbicide Application Record Keeping 

It is required by state law that all ODOT herbicide applications must be recorded 

and that these records must be maintained for a minimum of two years. This applies to a 

1,500 gallon tank mix or a 3 gallon backpack application. There are no exceptions to this 

law. It is also a state law that the records must be given to an agent of the OSDA if 

requested. The law is also very specific as to the types of information that should be 

recorded. 

The minimum information as required by state law is as follows: 

1. Time, date and place of application.

2. Name and address of applicator.

3. Name and address for whom used.

4. Legal description of land where used.

5. Tank mix.

6. Dilution rate.

7. Quantity used.

8. Complete trade name and EPA registration number ofproduct(s) used.

9. Target pest or use site.

While the law says that the legal description of a treated area must be recorded, 

this particular record is more geared towards agricultural applications. It would be 

difficult for ODOT to supply this information. In place of a legal description ODOT 

applicators should use permanent roadside structures, intersections, businesses, control 

section, etc. to positively identify the specific location of an application. An application 

recordsheet should be filled out for each tank.load of herbicide or for each day of 
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backpack/handgun applications. On days where several tankloads are sprayed, records 

such as time, specific location and wind speed and direction will change making 

documentation important. 

While not required by law, information such as a temperature, wind speed and 

direction, relative humidity and current sky conditions are also very important to monitor. 

This information has been incorporated into the Application Record Sheets that are 

currently being used by ODOT (Section 4. 7). Records, while required by law, can be 

very beneficial to maintenance personnel. Good quality records document past 

applications and can be a great source of information when and if personnel changes 

occur. Application records are also used in cases of drift complaints against ODOT. A 

well documented herbicide application reflects well on an ODOT spray crew anti assists 

OSDA inspectors in settling claims against ODOT. 

12.2.4 Herbicide Container Storage 

It is . the responsibility of all ODOT facilities to store and handle herbicides 

properly. By law, the minimum storage requirements for full or partially full herbicide 

containers are as follows: 

1. Containers must be stored in a secure, locked enclosure.

2. Containers must be free of leaks.

3. The storage area must be maintained m good condition, without

unnecessary debris.

4. The storage area should be identified as such by signs.
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It is important for all ODOT facilities to not store herbicides for any longer than 

necessary. Refrain from buying more herbicide than can be used in a single spray season. 

All storage areas should prevent any herbicide or adjuvant from freezing or becoming 

damaged. 

12.2.5 Herbicide Container Disposal and Recycling 

By law, once a plastic herbicide container has been emptied, it must be 

immediately triple-rinsed or power-rinsed before disposal. If rinsed immediately upon 

removing the herbicide, the power-rinse nozzles (Figure 12.2) are very effective and take 

only 60 seconds per container. The important thing to remember is to rotate the power­

rinse nozzle during the cleaning procedure. The triple-rinse process can be done by 

following these steps: 

1. Fill container to approximately 10 percent of the volume with water,

replace cap and agitate thoroughly for 60 seconds.

2. Remove cap, pour rinsate into tank, and repeat step 1 two more times.

3. Punch a hole(s) in container to prevent its reuse.

After following proper cleaning procedures, a plastic herbicide container may be 

disposed of in these three ways: 

1. In permitted solid waste facility (sanitary landfill).

2. Returned to the manufacturer.

3. Resale to a third party for recycling or reconditioning.

The proper way of cleaning and disposing of herbicide packaged in paper or 

plastic bags is to: 1) empty herbicide to the maximum extent, 2) cut sides of bag opening 
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the bag fully, shaking any remaining herbicides into the tank and 3) dispose of in a solid 

waste facility. 

It is estimated that 90 percent of the clean herbicide containers generated by 

ODOT are made of plastic. Statewide, ODOT generates several thousand containers 

annually that have historically been disposed of in local permitted landfills. With landfill 

spaces filling up and recycling companies beginning to flourish, it has become 

increasingly popular for pesticide users to recycle their clean empty containers. Thanks 

to the Agricultural Container Research Council (ACRC), a pesticide container recycling 

program was initiated in Oklahoma in 1995 and it has grown in popularity with most 

ODOT field divisions already participating. The ACRC is a nonprofit, nonpolitical 

organization funded by chemical manufacturers, distributors, formulators and other Ag 

industries. The ACRC contracts with regional recyclers providing for both private and 

public collection sites. All Oklahoma recycling is currently being provided by USAg 

Recycling, Inc., 40088 Vista, Suite lOlC, Pasadena, TX 77504, 1-800-654-3145 (ask for 

Sam Gibson, President). Participation by ODOT field divisions is encouraged, but it is at 

their discretion. One of the few drawbacks of participation is that the recycling program 

requires ODOT to accumulate clean empty containers and store them temporarily until 

they are recycled. After each of ODOT' s two main spray seasons (April and July) each 

division headquarters could become a collection site. After the second spray season, 

USAg Recyclers could be requested to recycle the containers at their first opportunity 

through the area. USAg Recyclers should give receipts to all ODOT participating 

facilities documenting the number of recycled containers. Data such as this should be 

maintained and released to the public so that ODOT receives credit for their recycling 

12-11



effort. OSU personnel are available at any time to assist the divisions in setting up 

collection and recycling programs. 

Figure 12.2 An example of a power rinse nozzle used in removing herbicide resides 

from the container. 

Hose end 

connection 

12.2.6 Major Herbicide Spill Cleanup 

Occasionally ODOT spray crews may be involved in a major herbicide spill. By 

law a major spill consists of at least: 

10 gallons of liquid herbicide concentrate or 

25 pounds of dry herbicide concentrate or 

50 gallons of an application mixture (herbicide + water) 

If these amounts are involved in an uncontained spill, ODOT is required to 

contact certain state agencies to ensure that the spill will be cleaned up appropriately. 

ODOT must contact the following agencies within 24 hours by telephone and within 3 

days by written notice: 
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Oklahoma State Department of Agriculture 

Pest Management Section 
2800 N. Lincoln Blvd. 
Oklahoma City, OK 73105 

phone: (405) 521-3864 

Oklahoma State Department of Health 
Waste Management Service 

1000 N.E. 10th Street 

Oklahoma City, OK 73152 

phone: (405) 271-5338 

In reality, major spills usually occur as a result of an accident. Always take care 

of injured ODOT personnel or citizens first. If no one is inured, do everything possible to 

contain the spill within the right-of-way. If possible, do not allow spill to move to any 

surface drains or water. Whatever spray crew is involved in a major spill should contact 

the county foreman, who will likely contact the division headquarters. ODOT is well 

equipped with the equipment to clean up the spill area as long as it has remained out of 

water and drains. ODOT should remove all contaminated soil to a depth sufficient to 

guarantee all herbicides have been removed. The contaminated soil may then be moved 

to a wide right-of-way and distributed (bladed) over a large area (several acres). An area 

should be selected that has no trees and is relatively flat with little surface drainage from 

the area. If necessary, after removal of contaminated soil, the spill area may be treated 

with activated charcoal followed by shallow (1 inch) incorporation to further tie up any 

remaining herbicide. 

12.2. 7 Backflow Prevention 

By law all ODOT applicators should use some method to prevent the backflow of 

herbicides during filling, mixing and application operations as appropriate. Several 

methods are acceptable such as check valves at the water source, in-line check valve or 

positive air gap between water and top of fill. Any method complies with the law as long 

as it prevents backflow. 
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12.2.8 ODOT Herbicide Spray Packet Information 

When an ODOT engineer or applicator begins working with an herbicide 

program, it quickly becomes apparent that there is a considerable amount of both printed 

information and documentation necessary to comply with both state and federal laws. 

Through annual continuing education workshops, this information is discussed with 

ODOT personnel. But like many things we do in our jobs, herbicides are a seasonal item. 

Much of the herbicide information is not used often enough to retain the specifics, so 

maintaining a quality up-to-date reference file at each ODOT facility is important. Prior 

to annual herbicide applications, a facility can put together appropriate information in a 

folder/packet giving the spray crew on-site reference materials. In an effort to have a 

highly organized and informed spray program, it would benefit each division facility to 

produce an annual packet of herbicide information and distribute it to all spray crews. It 

is likely that the information contained in each division's packet will change depending 

on their specific program(s). Table 12.4 lists several types of literature, information and 

forms that each packet should include (there are other types of documents that may be 

appropriate for inclusion). 
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Table 12.4. Suggested Reference materials to Be Carried "On-board" by Every ODOT 
Spray Crew. 

Type of Document 
Herbicide Label( s) 
(required by law) 

Herbicide MSDS(s) 

ODOT Herbicide 
Applicators License 
ODOT Herbicide 
Applicator Certification 
Cards 
Division Herbicide 
Program Information 

Sprayer Calibration 
Worksheet 

Pesticide Application 
Records 

ODOT Herbicide 
Program Policy 
Speed Adjustment 
Tables 

Herbicide Spill Cleanup 
Procedures 

List of Sensitive Areas 

Description/Use 
By law each spray rig must have a federal label and any 
supplemental state labels on the rig during application. It is 
also a useful document to reference if anyone inquires about 
the herbicide(s) being sprayed. 
Material Safety Data Sheets should also be included in each 
packet. Their main use would be a reference to specific 
toxicological information. 
An annual updated copy should be included in the spray 
packet for proof of licensing. 
While not included in the packet, all certified ODOT 
personnel should carry their certification cards during spray 
season for proof of certification. 
This sheet specifically defines what the division has decided 
upon as far as herbicide( s ), rates, timings, surfactants, drift 
control or other adjuvants. It can also be used for protective 
clothing statements, overtime approval, night spraying 
approval, specific no-spray areas and coordinating mowing 
programs. This sheet is very specific to divisional program 
and goals. 
This worksheet should be filled out prior to the spray season 
at initial calibration and should eventually become part of the 
facilities herbicide record keeping. 
Enough blank pesticide application forms should be included 
so one form can be filled out after each tankload and 
maintained at the facility. 
This policy would be useful to show anyone inquiring about 
the herbicide program. 
These quick reference tables are used to fine-tune ground 
speed of an operating spray rig during broadcast applications. 
Currently, ODOT maintains herbicide application rates by 
manipulating ground speed based on both pattern widths and 
nozzle flow rates. Used in conjunction with a digital 
speedometer, the speed charts can be very useful. 
Depending on whether it is a major or minor spill it is best to 
have these procedures readily available to facilitate cleanup 
and notifications. 
Within a particular county or interstate area there are usually 
several specific sensitive areas that should not be treated with 
any herbicides. Most of these no-spray areas result from 
requests from landowners. It is best to maintain a copy of 
these lists to reference, especially for new personnel. 
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Chapter 13.0 Public Relations and Herbicides 

13.01 Purpose 

The purpose of this chapter is to establish a public relations/herbicide program 

policy, and to briefly discuss public perceptions and attitudes towards ODOT herbicide 

programs in order to better understand and communicate program objectives to the 

public. 

13.05 Introduction 

There are as many opinions as to how the public relations aspect of ODOT 

herbicide programs should be executed as there are applicators for ODOT. There is no 

one correct way to conduct public relations, as each generation of public opinions and 

perceptions tends to change. A public relations program must also change. In a state 

such as Oklahoma, public attitudes are still very conservative. This coupled with the fact 

that Oklahoma's deep agriculture base means that a large percentage of Oklahomans are 

aware of the importance of pesticides in today's society. 

13.1 Public Perception ofHerbicides 

In today's age of telecommunications and mass media, public attitudes and 

perceptions are formed very quickly. With respect to herbicides, this usually means that 

after a newspaper article or television spot has been released, the public forms a quick 

opinion about the new information. What subsequently happens is that an entity such as 
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ODOT or the herbicide manufacturer will try to express their opinions and views on the 

same subject several days later. The goal would be to educate the public while trying to 

gain their understanding on that particular issue. In any situation where you have 

opposing sides, it is human nature to believe and trust in the views to which you are first 

exposed. This leaves a lot of people becoming somewhat defensive when approached by 

those having later opposing views (ODOT). It is also true that most citizens will put their 

trust in whatever side they feel does not have something to gain from a particular item. In 

other words, when the public reads a newspaper editorial which reflects badly on 

herbicides and then reads another article from ODOT or the herbicide manufacturer, they 

tend to believe the newspaper editorial. Because the newspaper editor has nothing 

apparent to gain in the disagreement, the public perceives their intentions as more noble 

and genuine than those of the state. While you may or may not agree with these 

perceptions, they are present in today's society and understanding them will help build 

our communication skills. Before one can effectively educate the public on the 

importance of an integrated R VM program, one must first understand public perception 

and level of understanding. 

13 .2 Proactive or Reactive Herbicide Public Relation Programs 

A proactive approach to an herbicide public relations effort begins with notifying 

all adjacent landowners prior to an herbicide application. This type of program usually 

requires running articles in all local newspapers as to the specific treatment information, 

timing of the application and a contact person for questions. A proactive approach may 

also include radio announcements and signage programs. In some of the northeastern 
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states such as Pennsylvania, applicators are required by law to have a prenotification 

program. While it is unlikely that Oklahoma will require prenotification in the near 

future, one cannot say it won't happen, as we have already witnessed prenotification bills 

submitted to both the Oklahoma House of Representatives and Senate Agriculture 

Committees. There are advantages and disadvantages to a proactive herbicide public 

relations program. However, it is usually the case that a state DOT will not voluntarily 

begin a proactive program unless new legislation requires it. 

A reactive approach to an herbicide public relations program effort is based on the 

idea that educating and promoting ODOT herbicide programs will be dealt with on a one­

on-one basis. A reactive program does not include any type of mass prenotification or 

any other public announcement of future herbicide applications. What usually occurs in a 

reactive program is that ODOT interacts with the public only after an herbicide program 

complaint or concern has been raised. For the most part ODOT spray crews have 

developed a positive professional reputation in the state. This reputation should be 

maintained through continued efforts of applicator training, accurate herbicide 

applications, and updating of application equipment. Each ODOT facility receives a 

relatively small number (0-10) of phone calls or personal interactions each year 

concerning their herbicide program. Each of these inquiries should be dealt with in a 

serious professional manner to educate and resolve the problem or concern. The OSU 

RVM personnel are available for assistance if needed. In many cases it is important to 

remember that a complainant may already have their mind made up, so it is unlikely that 

one will be able to change it. In cases such as these, supply these individuals with all the 

information about one's program and hope that they gain a little understanding. Many 
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calls or complaints could be from people whom are cunous or interested in what 

herbicide is actually being sprayed. In these cases, an educational effort may reap great 

benefits. 

By far, most Oklahomans appreciate the roadside vegetation management 

programs, including herbicide applications, that ODOT provides throughout the state. 

There is rarely a problem associated with mowing or hand removal of vegetation. It is 

the use of herbicides that concerns a small but sometimes vocal sector of the public. 

These individuals are often uninformed concerning herbicide use benefits/risks, yet they 

still provide ODOT maintenance workers with the majority of their public relations 

interactions. 

13.3 Formal Complaint Procedures with the OSDA 

Before a formal complaint can be processed against an ODOT herbicide 

application, the complainant must submit a written complaint to the Oklahoma 

Department of Agriculture (OSDA). Upon receipt of a written complaint, the OSDA will 

notify the complainant in writing of its receipt within two working days. ODOT will also 

be notified within two days in writing which will include an OSDA request for herbicide 

treatment information such as labels and spray records. An OSDA inspector will likely 

inspect the complaint site and it would be helpful if the ODOT county 

foreman/supervisor were present to verbally communicate ODOT herbicide program 

information on-site. When ODOT receives notification of a formal complaint, it would 

be beneficial to contact the OSDA by phone and to inquire what inspector will cover the 

complaint. The inspector can then be contacted and a request can be made to be on-site. 
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The inspector, at their discretion, may take soil and tissue samples which may be used to 

determine if any illegal herbicide residues are present. The samples will be sent to the 

OSDA lab in Oklahoma City for analysis. They will usually have a great bearing on the 

resolution of the complaint. The OSDA lab can test for some but not all herbicide 

residues. If there is no visual evidence of herbicide off-target damage, and samples are 

residue free, it is unlikely that ODOT will be cited. The complainant will be notified in 

writing within seven working days after final OSDA resolution of the complaint. 

13 .4 Informal Complaint Procedures with the ODOT 

The activity of spraying herbicides along Oklahoma roadsides by ODOT 

personnel is highly visible to the public. Because of this, the operation may be unusually 

open to public criticism. However, most of the potential criticism may be avoided if the 

applicator is properly trained. The applicator should be aware of and considerate of 

public concerns and use extra care when applying herbicides. Regardless of how cautious 

the applicator may be during the herbicide application, invariably a problem with a 

landowner can occur. Eventually, someone will have an informal complaint or problem 

as a result of ODOT making an herbicide application adjacent to their property. Any 

complaint made directly to ODOT personnel would be considered an informal complaint. 

Any complaint filed with the OSDA would be considered a formal complaint. The steps 

listed below are recommended ODOT procedures following an informal herbicide 

complaint. Following these steps a list of personnel who may be contacted with 

questions about herbicides. 
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Recommended ODOT Procedures Following an Informal Herbicide Complaint 

1. Whether the complaint is made in person or by phone, ODOT should document,

on paper, basic information of the complaint and schedule a meeting with

complainant to review complaint site within the next two days.

2. Foreman or acting supervisor should be notified the day the complaint is made.

3. Foreman should notify appropriate division maintenance personnel on the day of

complaint or the following day by phone.

4. Division personnel and foreman should schedule (within 2 days of complaint) a

meeting with complainant at complaint site. This first meeting should take place

as soon as possible, within 3 to 5 days of complaint.

5. At the first meeting, it is more important for ODOT to listen than it is for them to

be heard. ODOT personnel must form their own opinion as to whether there

appears to be a justifiable complaint. One should try to be unbiased. It would be

important at this meeting for ODOT to document the complaint site with

photographs, comments, and plant and/or soil samples as appropriate. ODOT can

use their pesticide application record sheet( s) to provide documentation of past

applications adjacent to complaint site. Information such as herbicide labels and

MSDS sheets should be on hand.

If it is obvious to ODOT personnel that the complaint is unjustifiable, try to

satisfy complainant with suggestions as to the cause of symptoms or damage (be

cautious and respectful). If complainant is not satisfied, then schedule (within 2

days) a second meeting between complainant, ODOT personnel and a third party.
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Third party entities may include OSU RVM Program personnel or chemical 

company representatives. This second meeting would ideally take place at 

complaint site within 2 weeks of complaint. 

If it is obvious to all ODOT personnel after the first meeting that the complaint is 

justifiable, the complainant should be encouraged to file a formal complaint with 

the Oklahoma State Department of Agriculture. 

6. At the second meeting, the third party entities, after examining the complaint site,

should present opinions and findings to complainant and ODOT. As in the first

meeting, if third party entities feel the complaint is unjustifiable, then suggestions

as to the cause should be made. A written report on third party findings should be

requested by ODOT.

If third party entities were not convinced that the complaint was unjustifiable, or

if complainant was persistent with complaint, then complainant should be

encouraged to file a formal complaint with the Oklahoma State Department of

Agriculture.

7. If a formal complaint is not filed, all documentation pertaining to the complaint

should be filed for future reference. If a formal complaint is filed, it would be in

the best interest of ODOT to request to be present when the Oklahoma

Department of Agriculture inspector examines the complaint site. The inspection

will usually occur soon after the formal complaint is filed.

8. If at any point during the herbicide complaint procedure, it becomes apparent that

the complainant may contact media sources (newspaper, television, etc.), then it

would be important that the respective ODOT division administrative personnel
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(including appropriate maintenance personnel) be aware of the intentions and 

actions of the complainant. This would enable ODOT, if deemed necessary, to 

prepare an appropriate response to such actions. 

13.5 Contact List for Questions About Herbicides 

ODOT Personnel 
Division Engineer: 
Maintenance Engineer: 
A.ssis_tant (Area) Main. Eng.: 
County Foreman: 
Other: 

State Cooperative Extension Personnel 

Extension Program Specialist (Roadsides): Lonnie Cargill 405-624-7538 
Extension Associate (Roadsides): Doug Montgomery 405-624-7538 

r. Chemical Company Representatives
Monsanto (Concerning Roundup Pro, Rodeo, Campaign):

· DuPont .(Concerning Oust, Karmex, Krenite, Escort):

Dow AgroSciences (Concerning Garlon, Transline, Tordon):
American Cyanamid (Concerning Arsenal, Plateau):
Novartis (Concerning Aatrex, Vanquish):
Other:

·Oklahoma State Department of Agriculture
Plant Industry Division/OKC: 405-521-3864

Local Field Inspector:

Oklahoma State Department of Health 
Waste Management Service/OKC: 405-271-5338 

13-8



13.6 No-spray Roadsides/Good Neighbor Procedures 

While not an ODOT policy or state law, there are some sections of roadside 

rights-of-way that should not be treated with herbicides. For a variety of reasons, 

whether environmental, legal or even personal, these roadsides should be dealt with very 
.•' . 

sensitively. It is likely that the only management tools that can be used in these areas are 
t - ... L 

mowers or weed eaters. The ultimate decision of whether or not a particular roadside; is 

treated with herbicides lies in the hands of the applicator. He/she is the person· with 

control of the equipment and must bear the responsibility of knowing where the no-spray 

areas are located. 

The key to managing no-spray areas is maintaining an up-to-date list of all -no-

spray areas within your maintenance area. Any landowner making a· verbal or:written 

request should be included along with anyone whom has ever made an informal or formal 

complaint. Regardless of what the roadside looks like, the roadside frontage to these 

landowners should not be treated unless they specifically request otherwise. 

Additional no-spray areas are any and all businesses or home frontages that are 

maintained as lawns up to the edge of the shoulder. 

Also, be extremely cautious of the locations and proximity of flower or vegetable 

gardens and fruit orchards. These plants can be very sensitive to herbicides along with 

the fact that many of these areas involve edible commodities and the possible creation of 

illegal residues on these crops. While the small amount of residue would likely not harm 

anyone, it is imperative that residues be prevented. 

Any roadside right-of-way which is too narrow to be treated with existing 

broadcast spray equipment because it would not leave an adequate buffer zone, should 
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not be treated with an herbicide. The potential for drift to private property in these cases 

is very high. 

Any roadside right-of-way which is a habitat for any threatened or endangered 

species should not be-treated with any herbicide. This area is discussed in more detail in 

Chapter 12.1.1. 
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