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Course Title:  Vegetation Management Module, Pest Management: Level 3
Course Number:  REU 153

Obtain From:  Roadside Environmental Unit
Skill Block:  3-R-8

Course Type: Self Study; 28 pages written text and certification exam

Course Description:  This course will familiarize the trainee with DOT turfgrass and vegetation management concepts, characteristics, and programs.  The topics covered include:

· Integrated Roadside Vegetation Management (IRVM)

· Herbicides as a component of IRVM 

· Factors which influence herbicidal activity

· DOT roadside programs for the control of various vegetation types

· Turfgrass adaptability zones in North Carolina
NCDOT

Skill Based Pay program

Journey Level

Vegetation Management Module, Pest Management:  Level 3

Skill Block 3-R-8

Objective

This skill block (3-R-8) is designed to provide the trainee with general knowledge of roadside vegetation management.  It will introduce the learner to the various factors that influence roadside vegetation management decisions, as well as characteristics of herbicide materials that may be utilized along the roadsides for prudent control of undesirable vegetation.  This module will also provide general descriptions of specific roadside vegetation management programs and will present information on the various turfgrass types and herbicide management programs that are adapted to different regions of North Carolina.

The trainee must complete skill block 2-R-7 (Vegetation Management Module, Pest Management: Level 2) before proceeding with the 3-R-8 skill block module.


The following phases must be satisfactorily completed within this course:

· Review of written material in this manual
· Certification Examination
INTEGRATED ROADSIDE 

VEGETATION MANAGEMENT

Integrated roadside vegetation management (IRVM) is a decision-making and quality management process for maintaining roadside vegetation that integrates the following:

· needs of local communities and highway users

· knowledge of plant ecology processes

· design, construction, and maintenance considerations

· monitoring and evaluation procedures

· government statutes and regulations 

· technology

…with cultural, biological, mechanical, and chemical pest control methods to economically manage roadsides for safety plus environmental and visual quality.

IVRM is a spin-off of the integrated pest management (IPM) concept used in agriculture, horticulture, and forestry.  Integrated pest management (IPM) is a term used to describe a system of managing pests whereby all possible methods of reducing pests are combined (integrated) to maintain (manage) pest levels below economically damaging levels.  IPM employs proven practical and least costly methods in a plan designed to exclude pests from the management unit.

The major components of an IPM program are:

· Plant Selection and Management
Roadside vegetation managers should select plant species and cultivars that are well adapted to the landscape sites and exhibit genetic resistance to insects and diseases common to the area. 

· Plant and Pest Monitoring 

An effective IPM program depends upon regular surveys of managed areas to determine which pests are present and to monitor their population(s).  Roadside managers can use this information to judge whether the pest population is or will become large enough to cause unacceptable damage or negative aesthetic impact. 

· Cultural Techniques
Proper cultural methods are an important part of pest management.  Emphasis should be placed on maintenance programs for turf and ornamental plantings to insure the correct performance of mowing, fertilization, irrigation, pruning and other cultural practices.

· Pest Biology and Ecology
Methods of pest control are often developed through understanding how a pest interacts with its environment, then creating ways to deny the pest what it needs to survive.

· Determining When Pests Need to be Controlled
Monitoring of turf and plantings is extremely important to determine when pests reach intolerable levels. 

· Using Pesticides as Needed
The use of herbicides is not an automatic response to sighting a pest, but rather a “step down” procedure of evaluating all methods of control to maintain public safety and aesthetics.  When herbicides are the chosen method of control, products are selected based on least environmental impact and then applied in a safe manner according to label directions.

· Pest Management Program Reevaluation

An IPM program must be carefully analyzed after an appropriate amount of time has passed and changed if needed.

· Education of Pest Manager
IPM managers should take advantage of opportunities to upgrade their knowledge of pests, pesticides, monitoring systems, plants and many other subjects.  Knowledge of a wide range of subjects strengthens the managers ability to plan for, and react to, various pest problems.

Integrated Pest Management (IPM) and, more specifically, Integrated Roadside Vegetation Management (IVRM) are used to manage vegetation by simply applying logical information, communication, technology, planning and research.  An effective IRVM program improves safety for the public and employees, satisfies long-range economic goals, maintains or improves quality, provides aesthetically pleasing facilities, and improves public relations.

North Carolina roadside vegetation managers have endorsed and will continue to implement an Integrated Pest Management (IPM) program for the roadside acreage in North Carolina.  The highest priority for North Carolina Department of Transportation employees is supplying safe transportation corridors with hazardous-free safety clear zones, low growing vegetation in the operational zone and open sight distances. (see below) 
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HERBICIDES

Herbicides perform a critical role in the department’s integrated pest management (IPM) program and are a major component of the management of any turf or landscape site.  The department does not routinely perform the control of pests such as insects and plant diseases.  The majority of right of way applications are done with herbicides for the control of weeds and undesirable vegetation.  

Weeds are described as plants that are undesirable, unattractive, or troublesome, especially those plants growing where they are not wanted.  They compete with desirable plants for water, nutrients, light, and space.  Weeds grow under nearly all conditions and if left uncontrolled, can adversely affect desirable roadside vegetation, conceal signs and stationary objects, as well as impede sight distances.  These factors contribute to the importance of utilizing herbicides to control weeds and other unwanted vegetation along the department’s right of way.  

FACTORS WHICH INFLUENCE HERBICIDE ACTIVITY

The chemical control of weeds, brush and desirable vegetation is dependent upon many variables.  Therefore, it is important to conduct a site evaluation to determine these influencing factors before choosing the appropriate IPM component for a vegetation management control program.  The factors include vegetation type, soils, rainfall, humidity, temperature, organic matter, and product placement.  Each will be discussed separately, below:

VEGETATION TYPE

The type of vegetation is the most important consideration in determining the proper vegetation management practice.  Weed species are diverse making it necessary to identify each plant to determine how to provide the correct control techniques.  The three types of weeds are annuals, biennials, and perennials.

Annuals are weeds, grasses and vines that germinate from seed in the spring or fall and complete their life cycle within one year.

Biennials reproduce from seed and complete their life cycle in two growing seasons.

Perennials are weeds, grasses, vines and woody plants that live two or more years.  They typically reproduce from seed but can also spread by lateral roots.  Perennials can germinate most anytime of the year dependent upon the species but do so normally in the spring or fall.

The physical characteristics of plants influence their chemical uptake.  Some broadleaf weeds are easy to control due to their broad leaves and horizontal leaf positions, while others may be difficult to manage due to their immense root structures and reproductive abilities.  Most often, weed species are best controlled early in their life cycle before they become established.  

SOIL

The physical composition of soil greatly affects the action of root absorbed herbicides.  The herbicide’s residual activity and duration of control is directly affected by soil type. 

Sandy soils with their large particle size, lack of surface area and lack of positive and negative charges contribute to a much faster control, as herbicides are readily absorbed by the vegetation.  On the other hand, these soils tend to leach herbicides readily resulting in a shorter residual period.

Soils high in clay, silt, and organic matter hold water and herbicides for longer periods which reduces movement to root zones and inhibits root uptake.  Consequently, it takes longer for treatment results to appear but the herbicide’s duration of control is extended.

Foliar systemic or contact herbicides are not influenced by soil properties.

The relationship of general texture terms to the more specific textural class names is shown in the following table:

U.S. Department of Agriculture Classification System

General Terms

Common Names
Texture
Basic Soil Textural Class Names

Sandy soils
Coarse
Sandy

Loamy sand

Sandy loam


Moderately coarse
Fine sandy loam*

Very fine sandy loam*


Medium
Loam

Loamy soils

Silt Loam

Silt

Sandy clay loam


Moderately fine
Silty clay loam

Clay loam

Sandy clay

Clayey soils
Fine
Silty clay

Clay

* Although not included as class names, these soils are usually treated separately because of their fine sand content.

Rainfall and Moisture

Rainfall plays a critical role in the efficiency of root absorbed herbicides.  Sufficient rainfall promotes downward movement of herbicides into the root zone, increases plant vigor and encourages root uptake.  During dry periods, residual herbicides will remain inactive on the leaf or soil surface until sufficient moisture is available to dissolve or move them into the soil surface.  Rainfall also promotes plant growth and proper growing conditions which makes the plants more susceptible to herbicides by accelerating herbicidal action.  In the absence of rain, plants undergo stress and physiological changes that result in limited translocation of products within the plant and thus reduced effectiveness. Even contact herbicides perform more efficiently in the presence of sufficient moisture. 

Humidity

Humidity is a measure of the amount of moisture in the air expressed as a percentage.  Relative humidity is the ratio of water vapor in the air (at a specific temperature) to the maximum capacity of the air at that temperature. 

Root absorbed herbicides and foliar applied herbicides are greatly influenced by this condition.  High humidities promote the rapid exchange of carbon dioxide and oxygen and increase the evapotranspiration rate.  This results in a rapid growth rate for vegetation during which time herbicides are readily absorbed.  Most products are absorbed twice as fast at a 90% relative humidity than at a 50% relative humidity.  

Temperature

Temperature affects both plant growth and the speed of herbicidal action.  A ten-degree increase in temperature doubles the speed of the reaction.  Generally, products will break down faster, work faster and will not last as long where high temperatures persist for extended periods of time.  

THATCH / ORGANIC “TIE-UPS”

Thatch and organics in the soil can affect the herbicide’s ability to control unwanted vegetation by tying-up the product.  For instance, a buildup of thatch and organic matter on the soil can inhibit pesticide effectiveness by impeding the movement of the herbicide and water through the soil.  This lack of movement prevents pre-emergent and root absorbed products from being incorporated into the soil layer properly. 

PRODUCT PLACEMENT

The placement of a pesticide is another factor that can significantly influence the product’s ability to achieve optimal vegetative, insecticidal or disease control.  The placement is normally determined by the mode of action of the particular product used along with the characteristics of the active ingredient.  

1. Foliar vs. Soil

Typically, herbicides are either foliar applied or soil applied.  Placement of a foliar mode of action herbicide on the soil will result in little or no vegetative control and a foliar application of a product that is meant to be applied to the soil will result in an undesirable outcome.

It is important to direct the application of the material on the area to be treated as prescribed on the product label.  For example, many soil-applied products require some type of incorporation into the soil, either by mechanical means or by precipitation.  This will prevent adverse environmental impact due to leaching or runoff.  Another factor that can affect placement of the pesticide is the type of formulation. There are two main types of pesticide formulations: liquid and dry.  Most foliar applications are made with liquid formulations while soil applications are made with both liquid and dry formulations.  

2. Drift

Drift occurs when spray droplets or vapor move beyond the target area during or after application.  Factors which affect drift are wind velocity, spray droplet size, chemical volatility, relative humidity, and thermal inversions.

Because almost any application can result in drift, it is critical to consider current wind conditions.  An increase in wind speed results in an increase in drift; therefore, no spraying should be performed in windy conditions (above 7-10 mph).

Droplet sizes have a dramatic effect on drift.  Spray nozzles should be chosen that deliver large spray droplets to avoid fine mists.  Large spray droplets fall faster and evaporate slower than smaller droplet sizes, thus decreasing the product’s volatility and it’s ability to be affected by wind.  The applicator’s operating pressure and nozzle opening size influence the droplet size.  Lower pressures and larger openings produce larger droplets and less drift.  Therefore, it is important to select a nozzle with the largest opening that will provide enough gallons per acre for penetration, uniform coverage, and effective control.  

The department utilizes controlled droplet applicators (CDA’s) on most of its pesticide application equipment.  CDA units reduce drift by producing a uniform large droplet.  Unlike conventional hydraulic sprayers, the operation of CDA’s is not dependent upon pressure or orifice for distribution.  Rather, it depends upon the centrifugal force of a spinning cup shaped disk to force the liquid in small channels creating “strings” that are forced up and out of the disk where a serrated or toothed edged cuts the strings into equal length segments.  This system produces an extremely uniform droplet size that can be varied by changing the speed of the spinning disk and the flow of material to the disk.  In addition to reducing drift, CDA units benefit the department in another way.  Because particle size can be controlled without the use of large nozzles and high volumes of material per acre, applications can be made using low total volumes per acre.  This benefit allows for increased productivity because lost time due to refilling sprayers and locating clean water is minimized.  

An adjuvant is an inert material added to a pesticide formulation or tank mix.  Adjuvants are used in many applications to thicken the product thus reducing drift by increasing droplet size.  Other applications for adjuvants are to increase the effectiveness of the product’s active ingredients, prevent foaming, and increase dispersion. 

Some herbicides have chemical properties that cause them to volatilize in hot weather and drift.  For example, ester formulations of herbicides are more susceptible to become volatile than amine formulations.  For this reason, ester formulations are used only during the winter when temperatures are cooler and volatilization is not a concern.

Thermal inversions occur when cool air is located near the ground and warm air above.  The warmer air traps spray droplets resulting in adverse effects on non-target species.  In contrast, normal temperature distribution occurs when warm air is near ground level and cool air is located above. 

Finally, spraying during a time of low relative humidity can result in off-site drift damage by evaporating small droplets and leaving chemical adrift.  

PRODUCT TYPES

Pre-emergence HERBICIDE Activity

Pre-emergent herbicides are applied to the soil before the target weed seeds begin to germinate resulting in elimination of the weed problem before it begins.  Normally, spring and summer germinating weeds are controlled by late winter and early spring pre-emergence applications while winter germinating weeds are controlled by late summer and early fall applications.  Because pre-emergence herbicides act primarily on germinating weeds, they have little effect on emerged plants.  Proper timing of applications and accurate pest identification are critical for obtaining good weed control with pre-emergent herbicides. 

POST-EMERGENCE HERBICIDE ACTIVITY

Post-emergent herbicides are applied to control weeds after seed germination and after the plant has emerged.  The two types of post-emergent herbicides are contact and systemic and both are described below:

CONTACT: 

Contact herbicides control unwanted vegetation by destroying the plant’s tissue on the emerged portion of the plant.  Results are obtained from within a few hours to a few days after application dependent upon conditions.  These herbicides allow for control of annual weeds because annuals typically do not resprout.  However, control is somewhat ineffective with perennial weeds because contact herbicides are usually not translocated throughout the plant and do not kill the roots of the plant. 


SYSTEMIC: 


Systemic herbicides move through the plant as part of their natural process and accumulate in the plant’s growth centers. There they speed up and disorganize cell division or interfere with food production.  These herbicides move throughout the plant including the roots to provide for total control.  Systemics enter the plant by means of foliar and/or root absorption and are more effective for controlling perennials than are contact herbicides because of the systemic action throughout the entire plant.  These herbicides may be selective, nonselective, residual or non-residual.  

Foliar and Root Absorbed

Foliar absorbed herbicides enter the plant by spray application to the leaves and stems.  These products normally have no residual activity in the soil thus require repeat treatments or applications to control any undesirable vegetation which emerges from seed.

Root absorbed herbicides, as the name implies, enter the plant through the ground into the roots.  They require precipitation after application to move them into the plant’s root zone.  These herbicides can be residual or non-residual, selective or non-selective, or both depending upon application rates.  

Selective and Non-Selective

Selective herbicides control undesirable vegetation without seriously injuring surrounding desirable plants.  They do this simply by being more toxic to some plant species than others.  These products are used extensively to control unwanted vegetation in areas such as turf and ornamental plantings. The selectivity of a herbicide can be altered by varying the application rate, by applying the herbicide at different times, and by using a method of application that keeps the herbicide from being applied to the desirable plants.  

Non-selective herbicides control most all vegetation without regard to species and can be used for complete or bare ground control.  For this reason, they are not suitable for use in many areas such as desirable turf or ornamentals, except for directed spot spraying.  Non-selectivity is often related to the rate of application with lower rates falling into the tolerance level of some plants and higher rates becoming more non-selective, affecting a wider range of plant species.

Residual and Non-Residual

Residual refers to herbicides that have chemical properties that remain active in the soil for extended periods.  They typically have low solubility, and depending on application rates, will remain in the soil for various lengths of time prohibiting or slowing plant growth.  Non-residual herbicides break down rapidly and have no effect on soil productivity.

WORK EXERCISE #1

Integrated Roadside Vegetation Management and Herbicides

TRUE OR FALSE

1.
TRUE
FALSE



The highest priority for NCDOT employees is supplying safe transportation corridors with hazardous-free safety clear zones, low growing vegetation in the operational zone and open sight distances.

2.
TRUE
FALSE


Integrated Roadside Vegetation Management (IRVM) principles emphasize the use of pesticides to eradicate all pest immediately upon sighting, regardless of the pest population(s).

3.
TRUE
FALSE


Annuals are described as weeds, grasses, vines and woody plants that live two or more years.

4.
TRUE
FALSE


Rainfall plays a critical role in the efficiency of root absorbed herbicides by promoting downward movement of herbicides into the root zone.

5.
TRUE
FALSE


Spray drift can be avoided by increasing sprayer-operating pressures and by using nozzles that have small openings to produce fine mists.

6.
TRUE
FALSE


Post-emergent herbicides are applied to the soil before the target weed seeds begin to germinate resulting in the elimination of weed problems before they begin.

7.
TRUE
FALSE


Contact herbicides control unwanted vegetation by destroying the plant’s tissue on the emerged portion of the plant.

8.
TRUE
FALSE


The herbicide’s residual activity and duration of control is not directly affected by soil type.

NCDOT APPLICATIONS

MONITORING VEGETATION TYPES

FOR OBSERVATION AND IDENTIFICATION OF PEST

It is very important in roadside vegetation management to understand and apply sound principles of threshold monitoring in determining the type of pest control needed for particular situations.  Threshold refers to the level of pest infestation that would require some type of corrective action to be taken.  When considering roadside vegetation, this threshold level is called an aesthetic or safety threshold, which must be determined on a site specific basis.

Some roadside vegetation management “pests” are predictable on an annual or seasonal basis.  Examples of predictable “pests” are these:

· The annual emergence of tall, unsightly seedheads in some turfgrass species, such as Pensacola Bahiagrass or Ky 31 Tall Fescue.  It is simply a growth characteristic of these turfgrasses that will occur on a yearly basis at a particular season of the year.  The roadside vegetation manager can easily predict the annual occurrence of these seedhead “pests”.
· Perennial, pestiferous weeds such as kudzu or johnsongrass.  Because of their aggressive and persistent nature, it is unlikely that acceptable control would be achieved in one growing season at a specific site.  Due to this characteristic, the roadside vegetation manager can accurately predict that acceptable control will probably require repeated treatments of the proper herbicide material.
Conversely, many roadside vegetation “pests” are unpredictable on an annual, or seasonal basis, such as:

· Broadleaf weeds in turfgrass, especially during the early years of a newly established turfgrass location.  The roadside vegetation manager would need to make periodic field observations of weed types/populations in order to determine if the threshold level is met, which would require a corrective action such as a herbicide application.  The same consideration would be true for annual weedy grass populations in turfgrass.

· Vegetation control on paved shoulders.  Field monitoring of weed/grass populations would need to be routinely performed so that a proper determination could be made as to the need for a herbicide application to control unsightly vegetation growing upon and/or through paved highway shoulders.

VEGETATION MANAGEMENT PROGRAMS WITH PESTICIDES

An effective Integrated Roadside Vegetation Management (IRVM) program requires the vegetation manager to be knowledgeable about turfgrass, ornamental plantings, brush control and noxious and invasive weeds.  During the pest control evaluation phase, herbicides may be the only realistic and cost effective control method available.  The use of herbicides is not an automatic response to sighting a pest, but rather the result of a “step down” procedure of evaluating all methods of control to maintain public safety and aesthetics.  When herbicides are the chosen method of control, general use materials are selected based on least environmental impact and general use materials.  Herbicides are then applied in a safe manner according to label directions when the pest is in a controllable stage.

Decisions to utilize herbicides are made after cultural or biological control methods have been evaluated.  Short term and long term pest impacts are also considered and the cost of application and economic benefits are evaluated in the decision making process.  With proper planning, herbicides can be used to reduce the frequency of mowing cycles and ultimately reduce the annual maintenance cost for interstate and primary routes.

The following sections describe how herbicides can be important and necessary tools in an IRVM Program.

Turf Management

(1)  All of the turf treatments can reduce mowing and mowing costs; however, the Plant Growth Regulator (PGR) Program reduces one to two mowing cycles per year.  The growth regulator program may be utilized to control the growth of cool season grasses such as fescue.  A growth retardant typically interferes with cell division and thus prevents seedhead development.  A plant growth regulator program can be alternative to mechanical mowing, especially to reduce early season mowing cycles.  Proper seasonal timing of application is critical for success.

(2)  The Warm Season Release (WSR) Program controls undesirable grass and weed species while releasing or maintaining warm season turfgrasses such as bahiagrass, bermudagrass and centipedegrass. Pre-emergence and post-emergence herbicide treatments may be utilized in late winter or early spring to prevent growth of weeds and reduce early season sight distance problems and mowing cycles.

(3)  A Seedhead Control Program for warm season turfgrasses may also be utilized.  Like the PGR program, this seedhead control program may reduce one to two mowing cycles per year in turfgrass areas that are being managed as warm season species, especially for Pensacola Bahiagrass.  Such a control program has been shown to be an acceptable alternative to mechanical mowing, especially to reduce mowing cycles during the early “green-up” stage of the warm season turfgrass-growing season.  Proper seasonal timing of application is critical for success, however this type of seedhead control may be applied at various warm season turfgrass developmental stages.  

(4)  The Broadleaf Weed Control Program consists of controlling weed species along the roadsides while they are small and actively growing.  Broadleaf weeds can present a major sight distance problem if not addressed properly.  The presence of broadleaf weeds in roadside turfgrass can also be aesthetically undesirable, and may also prevent the desired turfgrass from becoming readily established.  The Department may utilize pre-emergence or post-emergence herbicides which effectively control broadleaf weeds.

(5)
The Annual Grass Control Program may utilize herbicide treatments during the summer to control annual and perennial grasses such as crabgrass, dallisgrass, broomsedge, goosegrass, and others.  Annual grass control is crucial in any vegetation management program because undesirable annual and perennial grasses compete for plant nutrients during the summer months, thinning stands of desirable turf.  In many cases, especially in warm season grass areas, control of undesirable annual grasses may negate or delay the need for mechanical mowing because the desirable turfgrass may not be of sufficient height to warrant the cost of a mowing cycle.

Woody Vegetation Management

(1)  Mechanical mowing remains as the most frequently used method to control woody brush on rights-of-way.  Mowing with a sequential Foliar Brush Control application has proven the most efficient and cost effective approach for controlling brush.  The preferred process recommends mowing smaller brush late in the growing season or in winter followed by a herbicide treatment the following year after the plants resprouts and begins to “sucker” at the cut location.  This process will control the root system and generally reduce the mowing requirements for several years.  This sequence should be closely followed to avoid the need to cut or spray large brush.

(2)  Over the past several years, the Department has utilized Dormant Stem Treatments during the winter months.  This has allowed the Department to expand the window of opportunity to control brush, without causing “brown out” to the treated vegetation.  This type of brush treatment has also allowed better utilization of available personnel and equipment during normally less productive winter months.

(3)  Probably the most aggressive vegetative pest in the roadside environment is kudzu.  This invasive vine not only affects the highway system, but also adjacent properties and landowners.  The Kudzu Control Program may consist of a cooperative eradication agreement between the Department and the adjacent landowner(s), in which each party agrees to control the undesirable vegetation on their respective property.  The Department also targets suppression of kudzu growth in and around highway signs, bridges, guardrails, and other essential structures.

(4)  The Department maintains thousands of miles of controlled-access highway routes which are bordered by fences.  A Fence Treatment Program targets control of undesirable vegetation growing along these fence lines.  In most cases, this is woody vegetation, such as various types of vine growth and/or small tree saplings.  A fence treatment herbicide program is often used in conjunction with manual vegetation removal by inmate labor.

(5)  A lesser-utilized, but promising woody vegetation control method is referred to as a Stump Treatment Program.  This method is utilized where hardwood brush/trees are mechanically cut back, normally to ground level, and a systemic herbicide solution is applied directly to the cut surface.  The objective of this treatment is to prevent the cut surface from regenerating new hardwood sprouts.

Weed/Grass Control Around Stationary Objects

 Stationary objects such as guardrails and sign posts must remain clear of unsightly vegetation in order to serve their purpose.  Pre-emergence and post-emergence herbicide treatments may be utilized to prevent weeds and brush from growing around these structures.  When planning such a program, care should be taken to select herbicide materials that will not cause complete bare-ground conditions which could lead to erosion control problems.  This planning is especially needed in areas of increased drainage.  The Department is currently encouraging the establishment of low growing turf such as centipede under guardrails, to reduce erosion and weed growth.  Centipede’s allelopathic effect should reduce the need for future herbicide applications.

Weed Control in Ornamental Landscape Plantings

Good cultural practices such as mulching can significantly reduce unwanted weed growth and conserve moisture in formal roadside ornamental plantings.  Experience has shown that weed management in these plantings is not practical without the use of herbicides.  Pre-emergence herbicide applications may be made in the fall for control of winter weeds and grasses and during the spring to control summer weeds and grasses.  Post-emergence herbicide applications may be applied throughout the year to control undesirable vegetation that has emerged during the growing season.

Weed Control in Wildflower Plantings

(1)  The most widely-used initial weed control treatment for wildflower sites is soil fumigation.  This procedure involves complete rototilling of the top 4”-6” of the soil surface to provide optimum soil tilth.  The site is then sub-soil injected with approved herbicides to control weed seeds, as well as soil-borne diseases and parasites.  Some soil fumigants require a plastic covering of the soil upon injection of the fumigant, as well as complete burial and sealing of the edges of the plastic covers.  Other types of soil fumigants are also available which do not require a plastic covering, but instead utilize the rotovate-and-roll technology.  

(2)  An alternative to fumigating the soil in wildflower beds is to use pre- plant soil incorporation herbicides to remove weeds and unwanted grasses from the plant bed areas.  There are three steps in an effective pre-plant soil incorporation weed control program.

Step 1: Apply a post-emergence herbicide to control mature weeds and grasses to the site;

Step 2: Allow approximately seven days for the herbicide to effectively control weeds.  After seven days, the soil should be thoroughly tilled to a depth of 4”-6”, as previously mentioned;

Step 3: After the site is leveled to the proper elevation, a pre-emergent herbicide is applied to the site and incorporated into the soil with appropriate tillage equipment.  For sites with relatively low populations of existing vegetation, it may be practical to delete Step 1) above, as well as require less tillage than described in 2) above.  Care should be taken to make sure that the wildflower species to be planted in these sites are tolerant of the herbicides incorporated.  Technical scientific data should be consulted for this information.

(3)  One of the most challenging aspects of establishing perennial roadside wildflowers is satisfactory control of weeds within the sites.  In recent years, much research has been conducted to determine what herbicide materials can be used in a Wildflower Pre-emergence Weed/Grass Control Program.  The objective of this program is to adequately control competing weed/grass growth, while not damaging the desired wildflower species in an “over-the-top” broadcast application.  A few herbicide materials have been determined to be successful in this program, and research is continuing.

(4)  Another important aspect of established roadside wildflower site maintenance is an effective Wildflower Post-emergence Weed/Grass Control Program.  Even with the best management practices previously mentioned, there will usually be “escapes” of some types of weeds and/or grasses that would present competition problems in wildflower sites along the roadside.  In these cases, the last “line of defense” may be a post-emergence treatment.  This type of herbicide treatment is also applied “over-the-top” of established wildflowers, without damaging the wildflowers.  They may be used only if technical data and research supports their use without damaging the wildflowers.  Another method of post-emergence control is ropewicking. These materials only come in contact with undesired vegetation growing at a height above the existing wildflower species.

Weed/Grass Control Along Paved Shoulders

(1)  Asphalt and concrete roadway surfaces often have weed growth which can deteriorate pavement rapidly.  Pre-emergence weed/grass control beneath pavement is often used to prevent the initial growth of undesirable vegetation upward through a new pavement.  In this type of application a non-selective soil sterilant herbicide material is applied to the base soil surface prior to the asphalt paving process.  The objective is for the herbicide to act as a “barrier” to prevent the vegetative growth.  In most cases the herbicide material must be applied immediately prior to the laying of the asphalt material, in order to avoid potential off-target damage via run-off.

(2)  If undesired vegetation has already grown through or upon the paved surfaces, the only practical alternative is post-emergence control.  Various non-selective herbicides can be used for this application, but care should be taken to choose stable materials that will not cause undesired residual effects, such as damage from drainage run-off.

Weed/Grass Control on Capped Traffic Islands

The concepts and herbicide materials for vegetation control on capped traffic islands is basically the same as for paved shoulders, as described above.  Limited work has been done to include appropriate non-selective herbicides mixed with liquid asphalt in crack-sealing operations on capped traffic islands, as a vegetation control method.  The user of this method must ensure that the herbicide material is compatible with the liquid asphalt.

Noxious Weeds

A common term for some types of vegetation is “noxious weeds”, which can be any plant in any stage of development, including parasitic plants, whose presence, whether direct or indirect, is detrimental to crops or other desirable plants, livestock, land, or other property, or is injurious to the public health.  The North Carolina Department of Agriculture and Consumer Services (NCDA & CS) maintains a list of weeds considered “noxious”.  The current list includes these:


Blessed Thistle

Cornflower (Ragged Robin)


Cocklebur


Texas Panicum


Spurred Anoda

Bracted Plantain


Velvetleaf


Buckhorn Plantain


Morning-glory


Broadleaf Dock


Corn Cockle


Curly Dock


Wild Radish


Dodder


Purple Nutsedge

Giant Foxtail


Yellow Nutsedge

Horsenettle


Canada Thistle


Quackgrass


Field Bindweed

Wild Mustard


Hedge Bindweed

Many of the above-listed “noxious” weeds are found on North Carolina roadsides.

Pestiferous Weeds

Another term commonly used for undesirable vegetation is pestiferous weeds, which can be any plant regardless of its stage of development and irregardless of its status on NCDA & CS’s noxious weeds list, that persists in the rights-of-way and is so considered to be annoying, bothersome, or unsightly.  The roadside environment often includes pestiferous weeds that are of particular concern to both public right-of-way interests as well as adjacent private landowners.  In general, the predominate herbicide applications for control of these weeds would be of the selective post-emergence type.  As mentioned previously for kudzu, the NCDOT may participate in a cooperative eradication program with adjacent property owners, whereby each party must control the undesirable vegetation on their respective property.  This program has proven to be successful in reducing the competition of problem species.  You will learn more about this policy in future skill blocks.

Aquatic Weeds

Aquatic weeds such as alligator weed and purple loosestrife, may be controlled along canals and wet ditches to facilitate drainage.  For this purpose, the NCDOT selects only herbicides that are properly labeled for aquatic use. Personnel involved in application of properly labeled herbicides along waterways should be licensed for aquatic pesticide applications.

VEGETATION MANAGEMENT PROGRAMS WITH PESTICIDES
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WORK EXERCISE #2

Integrated Roadside Vegetation Management and Herbicides

(Choose the best response to each question)

1.
The concept of “threshold” refers to the following:

a) All vegetation “pests” should be sprayed with herbicides no matter what the populations are.

b) The level of pest infestation that would require some type of corrective action to be taken.

c) All roadside management “pests” are predictable, so there is no need to make field observations of weed populations.

2.
When the use of herbicides is the chosen method of control, the roadside vegetation 



manager would need to:

a) immediately choose a restricted-use herbicide, regardless of the environmental impact.

b) select a general use herbicide based on least environmental impact.

c) apply the chosen herbicide according to recommendations of experienced applicators, without regard for the product label.

3.
A Plant Growth Regulator Program can be utilized for:

a) cool-season grass such as Fescue

b) warm-season grass such as Bahiagrass

c) both a. and b.

4.
In the normal NCDOT herbicide program, a Plant Growth Regulator Program can be an alternative to mechanical mowing, especially to reduce early-season mowing cycles.

a) True

b).  False

5.
A Warm Season Release Program:

a) releases or maintains such grasses as Fescue.

b) is utilized in order to control desirable grass and weed species.

c) releases or maintains such grasses as bahiagrass, bermudagrass, or centipedegrass.

6.
A Broadleaf Weed Control Program consists of controlling weed species along the roadsides:

a) while the weeds are at a mature height and under dry-weather conditions

b) although the aesthetics of the roadside would not be a consideration of controlling the weeds

c) while the weeds are small and actively growing

7.
Annual grass control is crucial in any vegetation management program because undesirable annual and perennial grasses compete for plant nutrients during the summer months, thinning stands of desirable turf.

a) True

b).  False

8.
The preferred process for foliar brush control recommends the use of a herbicide material to spray large brush that has not been mechanically mowed during the past few years.

a) True

b).  False

9.

A Dormant Stem Treatment has the following characteristics:

a) Is utilized primarily during late spring and early summer months when other productive activities are beginning.

b) Can cause excessive “brown-out” to treated vegetation.

c) none of the above.

10.
Kudzu control may consist of a cooperative eradication agreement with adjacent land-owners, in which each party agrees to control the undesirable vegetation on their respective property.

a) True

b).  False

11.
The use of low-growing centipedegrass is not a desirable vegetation management tool adjacent to and beneath guardrail sections.

a) True

b).  False

12.
The most widely used initial weed control treatment for wildflower sites is:

a) Pre-plant soil incorporation of herbicides.

b) Pre-emergence herbicides.

c) Soil fumigation.

d) Post-emergence herbicides.

13.
Luckily for the NCDOT, none of the NCDA’s “noxious” weed species are found on North Carolina roadsides.

a) True

b).  False

14.
The control of aquatic weeds can be accomplished with any general use herbicide, even if not labeled specifically for use in aquatic locations.

a) True

b).  False

15.
Any plant regardless of its stage of development and irregardless of its status on NCDA’s noxious weed list, that persists in the right-of-way and is so considered to be annoying, bothersome, or unsightly, is referred to as:

a) an aquatic weed.

b) a wild weed.

c) a broadleaf weed.

d) a pestiferous weed.
TURFGRASS MANAGEMENT ACCORDING TO ADAPTABILITY ZONES IN NORTH CAROLINA

Turfgrass species fall into one of two basic categories: warm-season or cool-season grasses.  Warm-season grasses grow best during the summer months, go dormant after the first frost and gradually green up in the spring.  Cool-season grasses grow best in the spring and fall, stay green in the winter months and are less active during the summer months.  
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The diverse topography and climatic conditions encountered statewide do not allow for one type of grass that does well in all situations.  Cool-season grasses are adapted best to the northern and western sections of the state, while warm-season grasses perform better in the southern and eastern sections.  The piedmont area of North Carolina is in a transition zone where neither warm-season nor cool-season grasses do exceptionally well.  This diversity makes it necessary to choose a turf management program that is best suited for the particular grass type adapted to each zone.

The following illustration depicts the three vegetation zones in North Carolina:


Vegetation Zones

Turf management in each of these three zones will be discussed below.

COOL SEASON TURF SPECIES 

Cool season grasses, which are adapted well to the northern and western regions of North Carolina, are tall fescue, hard fescue, and Kentucky bluegrass. 

Tall Fescue

Tall fescue is a coarse textured grass with a bunch–type growth habit.  It is a deeply rooted perennial that tolerates both bright sun and moderate shade, and it is the most heat tolerant of the cool-season grasses.  Tall fescue is used in both cool-season and warm-season grass mixes by the department.  

Hard Fescue

Hard fescue is a low growing, non-spreading bunch-type grass.  It has a very fine texture and is very drought tolerant.  It grows very slowly and is well adapted to poor soils.  The department uses hard fescue in cool-season mixes from the central piedmont west to the mountain areas of the state.  

Kentucky bluegrass

Kentucky bluegrass has medium fine texture, a deep blue-green color and the ability to spread by rhizomes.  It is fairly wear tolerant with good recuperative ability.  Drought tolerance is good but it does not tolerate heat as well as tall fescue.  Its use is generally restricted to the western piedmont and mountain areas. 

Cool-Season Species Herbicide Treatments:

There are three important herbicide applications for management of cool season turf grasses.  These three are plant growth regulation, broadleaf weed control, and annual grass control.  

Plant growth regulators are applied from mid-March until the end of May to control growth and prevent seedhead development.  As discussed in an earlier section, plant growth regulators are used to lower maintenance costs by reducing the number of required mowing cycles. 

Herbicide applications are normally made from April to August to control broadleaf weeds in cool-season grasses.  These applications can be made using pre-emergence or post-emergence herbicides.  

Most perennial and annual grasses are controlled by pre-emergent and post-emergent herbicide applications from March to August. 

WARM-SEASON TURF SPECIES 

Warm-season grasses are adapted best to the southern and eastern regions of the state.  Bahiagrass, centipedegrass, and bermudagrass are the predominant warm season species grown in North Carolina.  

Bahiagrass

Bahiagrass is a low-density utility-type turfgrass with coarse, tough leaf blades.  It spreads by short rhizomes, stolons, and seeds.  It is deep-rooted, very drought resistant, and tolerates poor soils.  Its numerous, long V-shaped seed heads easily identify bahiagrass.  Although it is best suited for southern and eastern regions, it is utilized in seed mixes over the majority of North Carolina.  

Centipedegrass

Centipede is a slow-growing, medium-textured grass that spreads by stolons.  It tolerates a wide range of soil conditions and does well on acidic, infertile soils.  It has a shallow root system resulting in poor drought tolerance.  Centipede is allelopathic to weeds, which means that it produces substances toxic to other plants.  This characteristic helps exclude other vegetation from centipede turf.  Another advantage of centipede is its minimal mowing requirements due to its low-growing nature and inconspicuous seedheads.

Bermudagrass

Bermudagrass is a low-growing, dense turfgrass with a fine texture.  It spreads by aggressive stolons and, to a lesser extent, by rhizomes.  It has a rapid establishment rate and spreads very quickly.  For many years there was a state law that restricted the planting of bermudagrass seed along the highway rights-of-way adjacent to agricultural fields, but the law was repealed in 1999.  

Warm –Season Species Herbicide Treatments:

The herbicide applications for management of warm-season turfgrasses are warm-season release, seedhead control, broadleaf weed control, and annual grass control.  

The warm-season release program consists of a late winter or early spring herbicide application to control winter weeds.  This program eliminates existing weeds with a post-emergence product and prevents the germination of additional pests with a pre-emergence. This program results in a reduction of early season mowing cycles.  

Warm-season turf treatments with seedhead control herbicides, broadleaf weed and annual grass control products often differ from cool-season herbicides by the product type, rate of application and sometimes, application dates.  

TRANSITION ZONE TURF SPECIES HERBICIDE MANAGEMENT

As described earlier, the piedmont area of North Carolina is in a transition zone where neither warm-season nor cool-season grasses do exceptionally well.  However, within this transition zone are areas that tend to be more favorable for the establishment of either warm-season or cool-season turf.  Therefore, it is important to identify the predominant species for each location and implement a management program that best suits that particular turf.  

This table illustrates the principal types of grasses managed along North Carolina roadsides.  North Carolina has approximately 78,000 miles of highways which equates to approximately 335,000 acres that are maintained largely in turf.  This means the N. C. Department of Transportation manages 134,000 acres of fescue, 90,450 acres of bahia, 50,250 acres of bluegrass/fescue mix, 33,500 acres of bermuda, and 13,400 acres of centipede.

Conclusion and Summary

Many factors must be considered in the management of North Carolina’s highway roadsides.  The primary concern is providing safe highway corridors in a cost-efficient and environmentally sound manner.  The concept of Integrated Roadside Vegetation Management is continually implemented by the NCDOT to administer a roadside vegetation management program.  When pesticides are the chosen method of control, the department is committed to utilizing proper materials and following the product labels with proper supervision and management.  Effective control programs are based on technical data and research development of the various materials considered, as well as the vegetation adaptability in the various climatic zones of North Carolina.


WORK EXERCISE #3

Integrated Roadside Vegetation Management and Herbicides

(Choose the best response to each question)


1.
Which of the following grass species are well adapted to the northern and western regions of North Carolina?

a) Centipedegrass

b) Hard fescue, tall fescue, and Kentucky bluegrass
c) Bahiagrass and bermudagrass
d) Hybrid bermudagrass
2.
Which of the following late winter and early spring herbicide applications on bahiagrass eliminates existing weeds with a post-emergence product and prevents the germination of additional pests with a pre-emergence?

a) Plant growth regulator 

b) Warm-season release
3.
Which of the following areas in North Carolina is in a transition zone where neither warm-season nor cool-season grasses do exceptionally well?

a) Piedmont 

b) Western 
c) Eastern

d) Southern
4.
Plant growth regulators are applied from mid-March until the end of May to control _______________.

a) centipede’s allelopathic ability 

b) the growth of broadleaf weeds

c) turf growth and to prevent seedheed development

5.
Which of the following turfgrasses is the predominant species grown in North Carolina?

a) Bahiagrass

b) Centipedegrass

c) Kentucky bluegrass

d) Kentucky 31 fescue

ANSWERS TO WORK EXERCISES

Work Exercise #1  (Integrated Roadside Vegetation Management and Herbicides)

1. True

2. False

3. False

4. True

5. False

6. False

7. True

8. False

Work Exercise #2  (NCDOT Applications)

1. b

2. b

3. a

4. a

5. c

6. c

7. a

8. b

9. c

10. a

11. b

12. c

13. b

14. b

15. d

Work Exercise #3  (Turfgrass Management)

1. b

2. b

3. a

4. c

5. d
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