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A Management Guide for  
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Abstract

Invasions of nonnative plants into forests and landscapes of the Southern United States 
continue to spread and include new species, increasingly eroding forest productivity, 
hindering forest use and management activities, and degrading diversity and wildlife 
habitat. This book provides the latest information on how to organize and enact preven-
tion programs, build strategies, implement integrated procedures for management, and 
proceed towards site rehabilitation and restoration. Effective control prescriptions are 
provided for 56 nonnative plants and groups currently invading the forests of the 13 
Southern States. A companion book, “A Field Guide for the Identification of Invasive 
Plants in Southern Forests,” (Miller and others 2010 and slightly revised 2012, 2013, and 
2015) includes information and images for accurate identification of these invasive plants. 

Keywords: Alien plants, exotic weeds, forest herbicide application methods, forest nox-
ious plants, invasive exotic plants, invasive nonindigenous plants, invasive plant control 
methods, regional and state strategies for invasive plant management. 
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Introduction
Only recently has the extent of invasive plant occupation in the Southern United States and elsewhere in the world been 
realized. Coming rather quickly in the past 10 to 50 years, the extent and spread of nonnative plant species has taken many 
people by surprise, and it is still not comprehended by most citizens and policymakers. One thing is starkly apparent, however, 
forest, preserve, and right-of-way managers and landowners need to act fast to stop the rapid encroachment of nonnative 
invasive plants, eradicate infestations, and restore native communities. 

It was only in 1999 that President Clinton issued the executive order defining an “invasive species” and mandating specific Federal 
actions. The definition of an invasive species in that order is: (1) a species that is nonnative (or alien) to the ecosystem under 
consideration, such as the Southeast, a specific State, or subregion; and (2) whose introduction causes or is likely to cause eco-
nomic or environmental harm or harm to human health (Executive Order 13112, signed February 3, 1999, by President Clinton). 

Thus, a plant invader is any plant species that occurs outside its area of origin and that has become established, can repro-
duce, and can spread without cultivation and causes harm. Prevention, management, and strategies for control of nonnative 
plants of the Southeast are addressed in this book and their identification in the companion volume, “A Field Guide for the 
Identification of Invasive Plants in Southern Forests” (Miller and others 2010 and slightly revised 2013). Two other invaluable 
books for identifying and managing invasive plants in Florida, which are not covered here, are “Identification and Biology of 
Nonnative Plants in Florida’s Natural Areas” (Langeland and others 2008) and “Control of Non-Native Plants in Natural Areas 
of Florida” (Langeland and Stocker 2009). 

Chinese wisteria, Chinese privet, Chinese lespedeza, and 
Japanese honeysuckle invading forest lands.

Forest overstory, mid-story, and ground layer replaced by 
invasive species.

The damages and impacts of nonnative invasive plants 
have not been completely determined, but the following are 
generally recognized:

Nonnative invasive plants
•	 Limit or stop productive land management and  

regeneration of forests and grasslands. 

•	 Displace and permanently decrease biodiversity and 
wildlife habitat.

•	 Alter vital ecological processes such as soil formation, 
watershed function, and pollination of native plants.

•	 Limit land access for recreation such as hiking, fishing, 
hunting, and bird watching.

•	 Produce overabundant pollen that causes widespread 
allergenic reactions in humans.

•	 Present extreme fire hazards to forests, preserves,  
and homes.

•	 Can be poisonous to humans and livestock.

•	 Harbor plant and animal diseases.

•	 Cause psychological anxiety through a sense of the  
inability to control our surroundings. 

Not all nonnative plants are invasive, and a few are among 
our most valued crops, e.g., wheat, barley, oats, and a Native 
American introduction from Mesoamerica, corn. Other nonna-
tive grasses are the mainstay forage species, although most 
of these are invasive in forests or forest openings, such as 
Bermudagrass [Cynodon dactylon (L.) Pers.], bahiagrass (Pas-
palum notatum Flueggé), 
Johnsongrass [Sorghum 
halepense (L.) Pers.], and 
tall fescue [Schedonorus 
phoenix (Scop.) Holub]. 
Plant breeding programs 
over the past 100 years 
have yielded numerous 
varieties of each crop and 
forage species that give 
landowners plants with in-
creased productivity, use-
able yields, and tolerance 
to a wider range of growing 
conditions and predators. 
This in turn increases their 
invasiveness.
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Over the past 50 years, the explosion in the number of ornamental 
and horticultural species and abundant varieties has yielded benefits 
to many aspects of modern society, such as landscape beautification 
and rapid-growing shade trees and shrubs, but have taken their toll 
on our natural ecosystems. The social costs of annual maintenance 
control of these introduced invasive species have skyrocketed in our 
yards, parks, green spaces, and along rights-of-way as well as forests, 
grasslands, and wildlands. 

Nonnative plants become invasive for many reasons. The following 
are among the traits that help nonnative species establish and spread: 
•	 Early introduction in the 1700s and 1800s as ornamentals or 

forages, resulting in a long period of spread, hybridization, and 
adaptation (Hundreds of thousands of small farmers planted  
ornamentals around their houses, and the plants remained after 
the great exodus in the late 1800s and early 1900s to cities.)

•	 Rapid early growth rates that outpace native cohorts
•	 Few native predators and a resiliency to predation by insects, 

pathogens, and mammals
•	 Production of abundant fruit and seed at a young age
•	 Seed that is readily spread by wind, 

water, birds, and mammals
•	 Seed that can remain viable in 

the soil for 1 year and even up to 
decades

•	 Roots or rhizomes that persist  
and resprout after topkill following 
herbicide applications, cutting, or 
burning and that grow outward 
to yield intensified and dense 
infestations 

•	 Capability to establish and spread in 
sites of periodic disturbance, such as 
along ever expanding forest edges, 
on rights-of-way, along stream and 
river banks, and in abandoned crop 
and pasture lands

Nonnative shrub production.

Old homestead with wisteria and privet.

Bamboo rhizomes and roots.

•	 Capability to adapt and spread in a new site through a “set-and-wait” 
strategy until conditions are suitable

•	 Wide tolerance to shade, drought, soil conditions, and flooding that 
gives a decided advantage over native plants

•	 Capability of forming exclusive (or limited species) dense infestations 
through their high amount of leaf area that is often evergreen or  
appears earlier in spring and sheds later in fall compared to native species

•	 Capability of suppressing other plant seed germination and growth by 
releasing allelopathic chemicals (through the invasive plant’s foliage 
and roots)

•	 Alter biogeochemical cycles and soil micobial communities that favor 
invaders over native plants

The more of these traits a nonnative species might have, the greater its 
likelihood of success in establishing itself and spreading, as well as resist-
ing control and eradication. 
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Recently escaped plants can remain at low levels of scattered occurrence known as the “lag phase” but then come 
into an era of rapid increasing spread. Invasive traits can be enhanced through hybridization with native or nonna-
tive plants of the same genus. There are nonnative plants at every 
stage of invasion in the Southeast, while across the region none 
are yet at the “maximum occupation” phase. Many currently “natu-
ralized” plants in the early lag phase will likely become invasive 
due to selective adaptation and hybridization as well as increased 
disturbed habitat for establishment.

The objective of this book is to provide useful information on current 
management strategies and procedures for 56 recognized plants 
that have invaded forests, natural areas, pastures, rights-of-way, 
orchards, grasslands, and wetlands of the Eastern United States. 
This book also covers the principles of invasion and how we can 
organize, plan, and enact prevention and management programs. 

General Principles for Managing Nonnative 
Invasive Plants

Three overarching concepts provide powerful ways to get organized 
and counter invasive plant takeovers: adaptation, collaboration, 
and restoration. 
•	 Adaptation, or adaptive resource management, generally refers 

to a community shared process of self-conscious learning by 
doing. The process involves goal setting, gaining experience and 
research findings, and monitoring actions and outcomes with 
rapid incorporation of new knowledge into refined goals and 
actions. It is a corporate cyclical process of learning, adapting, 
and managing. It is a process of optimal decisionmaking in the 
face of uncertainty, with an aim of reducing uncertainty over 
time by monitoring results of actions and careful adjustments 
to improve outcomes. We do not have all the solutions for fight-
ing the invasion of nonnative plant species, but, by pooling our information resources, we can learn together how  
to improve our approaches and treatments. We must make full use of print and Web resources, and we can be-
come even more effective by paying attention to new and forthcoming information (see “Resource Information” 
on page 103).

•	 Collaboration with adjacent and area landowners is essential because invasive plant infestations most often occur 
across ownership and political boundaries. For greatest effectiveness, we must develop and use communication 
networks to link local, county, State, and regional programs.

•	 Restoration of infested lands to healthy and productive ecosystems 
must be our guiding objective. We only can be successful with eradica-
tion, control, and containment of invasive plants through the establish-
ment of desirable and useful plants that protect soil, produce needed 
resources and habitats, and safeguard our lands from a resurgence of 
invasive plants. We must identify, establish, and culture resistant and 
resilient plant communities on rehabilitated and restored lands, and 
then we must monitor these communities for the first possible signs 
of returning invasive plants. Restoration approaches for most invasive 
plants are just being developed and will require adaptive management 
cycles to perfect.
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Regional and State Program Elements for Invasive Plant Management

Required program elements are: 

•	 Cooperative knowledge networks that link stakeholders, land managers, scientists, policymakers, and political 
representatives at the national, regional, State, multicounty, and county levels and that provide real time information 
and connectivity. Critical to how well the network functions are the timely actions and communications by all the 
people involved, whether they are working in voluntary, delegated, or assigned roles. 

•	 Collaborative strategies and programs for spread prevention through: (1) improved laws, policies, and public education; 
(2) promotion of new corporate and personal ethics to not sell, buy, and plant invasive plants; (3) sanitization of 
personnel, equipment, and animals that move from or among infested sites; and (4) prohibition against the sale 
and transport of contaminated products such as extracted native plants, potted plants, hay, pine straw, fill dirt and 
rock, and mulch.

•	 Effective and efficient early detection and rapid response networks to identify and map high-risk sites and new 
introductions, verify the invasive species, communicate to others about the newly identified sites, eradicate the 
infestations, and restore plant communities resistant to reinvasion

•	 Creation and maintenance of a Web-accessible survey, inventory, and mapping system to corporately track existing 
and spreading invasions, e.g., Southeast Exotic Pest Plant Council’s Early Detection and Distribution Mapping 
System (http://se-eppc.org/). Such a system with retrievable maps is invaluable for identifying and communicating 
information about zones of high infestations, advancing fronts, outliers, and weed-free zones. As an example of the 
value of current survey results, the Forest Inventory and Analysis (FIA) unit of the USDA Forest Service, Southern 
Research Station, works with State partners to develop the Invasive Plant database http://srsfia2.fs.fed.us/SNIPET/. 
Data on Japanese honeysuckle (Lonicera japonica Thunb.) and nonnative privets (Ligustrum spp.) along with 51 
other invasive plants in the 13 States of the southern forest region of the United States are posted on the periodically 

updated Web site. Updating cycles for this FIA invasive plant survey depend on the survey activities within individual 
States, with most cycles updated in part annually. Current occupation maps and areas are posted at http://srsfia2.
fs.fed.us/data_center/data_mapping.shtml.

Occupation of Japanese honeysuckle and nonnative privets (March 2008)
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•	 Formulation of coordinated control, containment, and eradication programs, including cycles of integrated treatments 
along with monitoring and corporate sharing of both successes and mistakes. As shown in the maps of occupation 
for Japanese honeysuckle and privets, a coordinated multi-State control and eradication program that targets outliers 
is necessary to stop the spread, contain advancing fronts, and protect special habitats in severely infested zones. 
Spread prevention programs are also a crucial element through public education, as are regional biological control 
programs for widespread severe nonnative invasive plants. 

•	 Restoration treatments to dovetail with control and eradication efforts that guarantee suppression of invasive plants 
and maintenance of ecosystem functions and services. Adaptive information cycles are especially needed in this 
rapidly developing field of ecosystem restoration. Continued surveillance and monitoring with timely reintervention 
are essential for successful rehabilitation and restoration.

•	 Dedicated invasive plant research and research syntheses are demanded, followed with rapid technology transfer 
of findings through effective knowledge networks with feedback from the field on additional research needs.

The spread of invasive plants from State to State means that every State must have in place an invasive plant manage-
ment plan. The plans should share common elements that assure regional protection, including working elements and 
programs for adaptive collaborative restoration. The plans must permanently implant adaptive management cycles that 
foster learning about how to control invasive plants, as well as sharing advances in knowledge with all stakeholders 
in every State. To best constrain invasions and restore eco-services, regional, State, and local strategies and actions 
should be unified and readily shared through collaborative networks.

Zones of invasion and the needed coordinated actions



Invasive plants are still sold like 
sweet autumn virginsbower 
(Clematis terniflora DC).

Ja
ne

 H
ar

gr
ea

ve
s

6

Strategies for Confronting a Spreading Invader

The spread and occupation of an invasive plant can be stopped only through regional and State plans and programs 
that are effectively implemented at the local level. Draw lines on maps to define zones of occupation severity and 
show areas where different strategies should be employed.

Managing Outlier Areas

Outlier (or satellite) infestations exist beyond highly infested areas due to long distance movement of plants or plant 
reproductive parts. Outlier infestations must be detected and eradicated early if containment is to be successful. 
Early detection rests with public education as well as organized search and surveillance efforts and strong report-
ing networks. Movement of contaminated equipment and materials must be effectively prevented to stop new outlier 
infestations from being established. 

Managing the Advancing Front of Invasive Infestations

All infestations along the advancing front must be found, mapped, and documented through intensive search and 
surveillance programs. The search and surveillance programs must include all ownerships. To stop seed dispersal 
from worsening the situation, treatments must be timely and persistent. For all work near or inside infested areas, 
extra care must be taken to ensure sanitation of equipment and personnel to prevent spread. Special habitats of rare 
plants and animals within the advancing front zone should be carefully treated to save from ultimate loss. The front 
must be held and then pushed back.

Managing Severely Infested Areas

Surveys employing sampling techniques are required to quantify the acres of infestation. Concerted programs in co-
operation with landowners with funded assistance are needed to fully implement, support, and maintain management 
programs in severely infested zones. Equipment and personnel sanitation as well as quarantines of product movement 
out of severely infested areas must be strictly regulated to prevent both short- and long-distance movement of plants 
and reproductive parts. Any forest and nursery product movement must be monitored for contamination. Special habi-
tats of rare plants and animals must be safeguarded from destruction and restored using special techniques. People’s 
homes must be safeguarded against wildfire by highly flammable invasive plants.

A Shift in Mindset Must Occur Followed by Actions

Successful management of nonnative invasive plants will require a shift in mindset. 
The number of species, their area of occupation, and their spread are drastically 
increasing—a threat that demands new knowledge and approaches by land manag-
ers at a new level of regional, State, and local cooperation. Weed management has 
been a growing science and practice with intensive agriculture and horticulture, while 
weed populations, becoming toughened by hybridization and new introductions, are 
spreading across land uses. Forestry, right-of-way, park, and preserve managers 
should borrow and modify control techniques from agriculture and from one another. 
Accurate identification skills of both invasive and native plants are required for precise 
management. New tools, machines, products, and techniques should be acquired and 
mastered in a timely manner to effectively confront the invasions, beat them back, and 
restore lands. Mindset changes also should occur at all levels of policy and agency 
jurisdictions to complement and augment private and local efforts. 

The three logistical areas where a mindset shift could result in more effective man-
agement of invasive plants are in recognizing the need for more comprehensive and 
integrated planning, better and more timely preparation, and a heightened resolve and 
persistence. All ownership, area, and site management plans should include goals and actions addressing prevention, 
eradication, and control of invasive infestations; but such plans are incomplete if they do not lead to site rehabilita-
tion or restoration. Management activities such as timber harvesting, stand thinning, prescribed burning, and road 
and firebreak maintenance should include an integrated plan for minimizing entry and spread of invasive plants and 
planned reaction to any new infestations. 
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Preparation always has been critical to forest, roadway, and natural area managers and landowners. As invasive 
plant populations increase in size and density, land managers and owners must be willing to employ and deploy new 
concepts, tools, and materials. Preparation entails seeking the very latest information on invasive plant identification, 
prevention and control methods, and rehabilitation and restoration techniques. It also means finding reliable sources 
of noncontaminated fill dirt and rock, seed, and mulch for soil stabilization. To fully prepare for rehabilitation and res-
toration, managers and landowners may need to purchase newly available native seeds, 
planting tools and equipment, landscape fabrics and fiber mats for stabilization, and also 
may need to seek professional services. 

Without persistence, all efforts to control and rehabilitate infested lands will be lost. To 
nurture a healthy native or noninvasive community of plants, managers and landowners 
will need to persist in a regime that includes timed treatments and retreatments as well 
as tenacious follow through. This will need to be followed by years of site monitoring for 
reappearance of the prior or new invasive plant species. 

Principles to Follow 

•	 Never plant recognized invasive plants. Seek information on whether or not a plant is 
invasive before you purchase it (for lists and descriptions of invasive plants, refer to 
the lists at the end of this book and input their name into a web browser for descrip-
tions).

•	 Detect invasive plants early through active surveillance of your lands. Map and mark 
locations of the invasive plants you find. Apply and document eradication treatments 
and monitor their effectiveness, retreating as needed. If treatments do not work, 
research ways to improve current treatments or find more effective alternatives.

•	 If you detect several invasive plants, prioritize your treatment by targeting the worst of the plants first. The worst 
plant may not be the plant that has infested your land the most, i.e., has the highest level of infestation. In many 
cases, the worst plant may be the plant that occupies the least territory but has the greatest potential for spread-
ing. You should manage your fight against several detected species by balancing eradication of first entries of 
high-priority invasive plants with persistent treatment of extensive infestations (see www.invasive.org/south/ for a 
regional list of High Priority Invasive Species of Southern Forests and Grasslands).

•	 To prevent spread of invasive species outward from your property, perform road maintenance, timber harvest, 
and site preparation starting from the boundary of the infested area and working inward, from areas that are not 
infested to those that are. To prevent the spread of invasive species by contaminated equipment and personnel, 
postpone all management activities until you have suppressed or eradicated invasive plants from the site, or be 
prepared for the consequences of wider occupation. Always inspect and clean equipment before moving to 
another site.

Invasive plant strategies and programs ultimately depend upon the eradication and restoration of one infestation at a 
time at the local level and preventing new entries. Following these principles will greatly increase the chances of success. 

Considerations in Developing a Site-Specific Plan

Answering the following questions will help you develop a plan that considers appropriate tools, timelines, costs,  
and outcomes.

What Is the Long-Term Plan for the Site?

Control methods can change dramatically based on the site’s planned uses. For example, if the long-term plan is to 
keep the site cleared of all tall vegetation, then a less selective and less expensive approach can be used. If you need 
to protect indefinitely a site that contains many desirable or rare species, then consider a more selective long-term 
treatment and monitoring plan.
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What Is the Need for Selectivity?

Selectivity means targeting invasive plants while minimizing damage to neighboring native plants. You can control 
specific plant species with a selective herbicide, or you can apply a nonselective herbicide selectively to treat only 
targeted invasive plants. As an example, you can use a broadcast herbicide on a prairie that is 99 percent invasive 
grasses. In some cases, the native soil seed bank will reestablish itself. If the prairie has been manipulated for many 
years, you may need to seed with native grasses. If the prairie contains a wide variety of native species intermixed 
with targeted nonnative species, you must choose a more selective herbicide or application method as well as burning 
and other rehabilitation treatments.

What Is the Intensity of Infestation?

The intensity of infestation is determined by the relative area and height of occupation, the infestation’s age, the size 
and growth form of the invasive species, and the longevity of the invasive species’ viable seeds or other propagules 
in the soil. These factors can dramatically affect the methods, timing, persistence, and costs of control and site reha-
bilitation. For example, you’ll need to spend considerable time and effort treating an invasive multi-stemmed tree that 
has grown at high infestation levels, has grown on the site for a decade or more, and has long-lived residual seeds. 
You’ll need less time and effort for scattered low-growing annual invaders with few residual seeds. 

The target plant’s size will dictate your treatment methods and limit application options. For example, if you have a 
high infestation of large Chinese privet (L. sinense Lour.) under a desirable hardwood overstory, you’ll need to use 
methods appropriate for woody plant control that safeguard the hardwoods. On the other hand, if the privet is 1 to 2 
years old or has been cut to resprout, you can more easily apply foliar applications of a nonselective herbicide during 
the dormant season—meaning you’ll spend less time and herbicide and, thereby, save both effort and cost. 

How Does Timing Affect Control Methods?

Understanding the life cycle of invasive plants helps the landowner, manager, and applicator select the optimum time 
for applying control treatments as well as revegetation actions. If you know the annual cycle of growth initiation, flower-
ing and fruiting, drought responses, and periods of dormancy, you can plan the most effective approach. By applying 
herbicides, burning, and cutting at the appropriate stage in a plant’s seasonal cycle, you can increase effectiveness and 
selectivity as well as reduce the need for additional retreatments. Other timing issues concern availability of labor and 
contract applications, number of treatments necessary in a season, and access periods for wetlands, high-elevation 
sites, parks, and military reservations.

What Type of Labor Will Work on the Site?

In-house, contract, and volunteer labor all have different strengths and distinct disadvantages. In some States, volun-
teers can apply herbicide treatments, but in most places, volunteers use only manual or mechanical control methods 
suitable for small infestations. In-house and contract workers often are the best trained in knowing how to handle larger 
infestations that require special equipment, precise herbicide applications, and other approaches presented in this guide. 

How Important Is Cost?

The cost of a project is directly related to treatment method, intensity of infestation, plants and areas that need safe-
guarding, and availability of resources. Cost-share and incentive programs can decrease costs for the landowner, 
but the number and years of retreatment might be restrictive. Once you formulate a plan, make careful estimates of 
your costs in light of realistic objectives. Once you enact a plan, understand that disruption in scheduled treatments 
can cause major setbacks and even loss of your prior work. If you use ineffective treatments, like only cutting woody 
invasive plants without applying herbicide to the stumps, you can accrue large costs over the long run. Using only the 
most efficient methods is a wise investment in safeguarding a natural heritage for future generations. 



9

Elements and Tasks of an Invasive Plant Management Program

Elements and Tasks

1.	 Make a plan. 
2.	 Prevent entry and spread.
3.	 Make a map of locations. 
4.	 Eradicate, control or contain, and monitor results.
5.	 Rehabilitate, restore, or reclaim treated lands. 

Persistently sticking to a plan of adaptive and collaborative restoration is the only successful strategy for safeguarding 
land access, productivity, native plants, and suitable habitats for wildlife.

1. 	Make a plan. Base your planned treatments on stated objectives and the best information, then schedule and 
acquire resources that support your plan, devise a timeline for implementation of your plan’s action items, and add 
some “wiggle room” for contingencies. Devise both a short- or long-term plan to include both specific infestation treat-
ment regimes and ideas for how these fit into a general land management plan. Your maps of infestation locations 
and priority ratings of invasive species will assist the planning process.

An eradication and rehabilitation program for specific invasive plant infestations usually requires several years of 
treatments and many more years of surveillance to check for rhizome and root resprouts, seed germination, or new 
invaders. Newer infestations and smaller plants require much less time than extensive and dense infestations. 

During the treatment and retreatment phase, you must take steps to safeguard, promote, or establish desirable veg-
etation. To effectively combat plant invasions and restore lands, you will need to carefully plan for each step in the 
program by incorporating primary and contingency schedules of enactment. You should project a minimum of 4 years 
and up to 10 years for older infestations and when less than maximum effective treatments are used. You can use 
short-term plans to target specific areas, but you will need a long-term management plan for an increasingly invaded 
landscape. You must consider surrounding lands, particularly the degree of current infestation in those lands as well 
as the invasive plant management programs the owners and managers of those lands have in place. You must also 
consider emerging State funding assistance programs.

2.	 Prevent entry and spread. Do not plant invasives such as those covered in this book, others listed in the appendix 
“Nonnative Invasive Plant Species Not to be Used or Recommended for Wildlife Food Plots nor Bird and Butterfly 
Viewing Gardens,” and those on your State’s noxious and invasive plant lists. For wildlife food plots, soil stabilization, 
and ornamentals, plant only native plants of local origin when possible or noninvasive alternatives.

•	 Educate yourself, employees, and other users of your land about the invasive plants that pose major threats and 
how to prevent their entry. Learn how to identify both invasive and native plants in your area. The more native plants 
that you can identify, the easier you will spot the “plants out of place.”

•	 Sanitation procedures to prevent the spread of invasives. Require those who work, hunt, and recreate on your lands, 
to minimize invasive plant spread by following these procedures when working in or near infested lands: 

	 Inspect the site and infestation before operations, especially noting the presence or absence of invasive plant 
fruit, seed heads, or spore clusters under climbing fern (Lygodium spp.) leaves. The absence of any of these 
propagules means that less stringent sanitation procedures will be required. When they are present and you are 
working in or near the infestation, maximum sanitation techniques should be followed to prevent spread. 
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	 When possible, avoid driving vehicles, mowers, all-terrain vehicles (ATVs), or spray equipment through  
infestations in seed or fruit, especially late-flowering cogongrass [Imperata cylindrical (L.) Beauv.], and musk 
thistle (Carduus nutans L.). This is a very common means of spread for many species. 

	 Brush and wipe all seeds and debris from clothes, boots, socks, and 
personal protective equipment. Avoid wearing cuffed pants where 
seed may collect. Remove seeds from boot laces and soles before 
moving between infested sites. Carry large contractor-size refuse 
bags to stand in while brushing and removing seeds or place  
contaminated gear within the bag for careful cleaning at a  
designated location. 

stiff brush to remove mud, soil, 
and debris. The undercarriage, 
radiator front, and engine com-
partments must be inspected 
and washed when suspected 
contaminates are present. Remove excess grease and oil that trap 
and carry seeds, fruits, and spores. Modify vehicles and equipment 
in ways that will prevent buildup of debris or use the most appropri-
ate vehicle that has the least potential for contamination.

	 When working in invasive plant 
infestations, thoroughly clean 
motorized equipment, espe-
cially the undercarriage and 
tire surfaces, where seed and 
plant parts are often inadver-
tently caught and transported. 
Pressure washers can be 
used in combination with a 
narrow spade, scraper, and 
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	 When moving cut invasive plants that have fruits and seeds 
offsite such as to a burn pile, always cover loads or bag 
before transport. 

	 Monitor burn pile areas for new seedlings as the fire may 
not consume or kill all seeds. Also, monitor any designated 
decontamination sites for seedlings.

	 Sometimes sanitation seems almost impossible when 
dealing with invasive spore-forming species such as invasive 
climbing ferns, where spores are not easily seen. Avoid 
entering or working in invasive climbing fern infestations when spore clusters 
under special leaves are present. If entry is unavoidable, complete sanitation of 
all equipment, clothing, and workers is necessary to prevent potential spread. 
Plan entries into climbing fern infestations when spores  
are not present, which is October to November in the temperate parts of  
the region. 

	 Use only noncontaminated fill materials, mulches, and seeds. Inspect material 
sources at the site of origin for indications of contamination by invasive plants 
growing on or near the area. 

	 Regularly inspect areas where offsite fill materials have been used and areas 
used by visitors and lessees.

	 Be careful not to disturb areas where there is a high probability of invasion. 
Most land disturbing activities raise the potential 
for establishment of aggressive plant invaders, 
especially when the invaders occur nearby.

	 Most likely points of entry that need high-priority 
search and surveillance are: 

	 Lands adjacent to lands you do not own, highways, 
county roads, and utility rights-of-way and their 
edges and fencerows, especially after new 
construction or maintenance activities 

	 Internal roads, trails, and fire lines
	 Lands next to streams, rivers, and lake shores, 
especially after recent flooding or high-flow 
periods 

	 Recently prepared and seeded wildlife  
food plots 

	 Harvested, thinned, burned, or storm-damaged 
areas during the years following disturbance

Cogongrass invading from 
transmission line right- 
of-way.Invasive plants spread along internal road shoulders

Invasive plant seeds move 
along streams.
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3.	 Make a map and monitor results of locations. Identify invasive 
plant location sites at risk, and denote treatments and their outcomes. 
You must positively identify those invasive plants that are present and 
those poised to enter from adjacent lands, determine their locations 
and abundance, and record this information on a sketch map or Geo-
graphic Information System (GIS) map. Gain their Global Positioning 
System (GPS) locations when possible. Make the locations easy to 
find again by marking them with plastic flags. Monitor the locations 
through repeated visits and record progress or the lack of it. Agencies 
should map as many acres as possible with the dollars available before 
investing in unorganized treatments of extensive invasions, while new 
entries of severe invasives should be tackled early. 

The search, survey, Inventory, monitor, and surveillance 
method—Using the four-option Search, Survey, Inventory, Monitor, 
and Surveillance method, hereafter referred to as SSIMS, will help you 
map, monitor, and track treatments with their results at several scales. 

•	 The first SSIMS option is searching. Start by looking at the most 
likely points of entry, like along roads and especially near bridges, 
and record any occurrence of invasive plants you find in such areas. 
Then widen your search as time and resources permit. 

•	 The second option is survey. Surveys are used to sample large 
areas where search procedures have found numerous infestations 
that are too many to inventory individually. Surveys are also used to examine large tracks when the amount of inva-
sion is unknown and access is difficult. By systematically locating plots or by band sampling across the landscape, 
you can record cover or number of clumps to determine the extent of occupation and acres covered. For example, 
21- by 21-foot plots represent 0.001 of an acre and can be evenly spaced across a stand of trees or area. Total the 
percent estimated cover or number of invasive stems counted per plot, divide these by the number of plots, and 
then multiple times 1,000 to gain an estimate of occupation for an average acre. An estimate for the entire area can 
be gained by multiplying the average times the number of acres in the surveyed area. By mapping the survey plot 
findings, areas of highest infestation density and multiple invasive species can be identified.

•	 The third option is an inventory followed by monitoring. Inventories are used to record the location and area of 
every infestation and the treatments that you apply. This is the best approach for individual land ownerships. Inven-
tories can map individual patches and plants or circle them as a group when they occur in close proximity to one 
another. The GPS locations can be taken and mapped, or a sketch map made to plan the program of treatment and 
restoration. Monitoring requires revisits to inventoried points at scheduled times or resurveying tracks with scattered 
infestation to record and track treatment effectiveness and any further invasions. 

•	 The fourth option in the SSIMS method is surveillance. A constant task for all those who work on and or other -
wise use your land. Everyone should be alert for new infestations and know how to report these when and where 
sighted.
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4.	 Eradicate, control or contain, and monitor results. You can eradicate an infestation by eliminating every invasive 
plant and its seeds in the infestation, a difficult feat that requires timely and repeated use of the most effective treat-
ments. You can control or suppress an infestation through medium effective treatments that mostly kill aboveground 
plant parts but that leave, even with repeated treatments, the live roots or rhizomes unharmed. You can contain an 
infestation by confining and restricting its spread through effective treatments that eliminate outlier plants, spots, or 
advancing fronts. Containment is often the only option when infestations continue to encroach from adjoining untreated 
lands. Remember: all treatments should be monitored for determining followup actions.

5.	 Rehabilitate, restore, or reclaim treated lands with resistant and resilient native or noninvasive plants. Critical 
to rehabilitating a site is promoting or planting desirable species that are as aggressive as the invasive species. Ef-
fective treatment schemes for rehabilitation use an integrated approach that combines treatments in an appropriate 
sequence and at crucial times.

Effective Treatments for Integrated Management of Nonnative Invasive Plants

A successful nonnative invasive plant management program usually involves a combination of treatment methods 
based on these and other available tools and resources:

1.	 Herbicidal methods with selective and broadcast applications 
2.	Manual methods using hand tools
3.	Mechanical methods using equipment 
4.	Cultural methods such as prescribed burning, water level control, planting, and seeding
5.	Biological control methods that range from prescribed grazing to introduction of biological control 

agents such as insects and pathogens that feed solely on target weeds
6.	Mulching and solarization methods

Many methods are available to manage invasive plants and rehabilitate your site, and more 
are under development. A successful plan of attack depends on integrated management that 
considers all methods relative to the site and its invaders. These methods will be presented in 
greater detail.

Safety First

Safety is always a top priority when working in the difficult situations often presented by invasive 
plant infestations and treatments. As your first line of safety, use and maintain personal protec-
tive equipment (PPE) designed for a specific task. A task as seemingly simple as surveying a 
site requires PPE. The following are examples of PPE-based invasive plant management tasks:

Suggested Personal Protective Equipment by Task  
(herbicide applications must follow the label specified on the PPE’s)

Required safety items for the field include a separate water container for washing, along with soap, paper towels, 
and trash bags as well as ample drinking water and a fully stocked first-aid kit. 
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Application of Herbicides

Adhere to the following precautions for safe application of herbicides:

•	 Take copies of all herbicide labels and material safety datasheets (MSDS) to the application site.

•	 An eyewash station is required for flushing accidentally splashed or sprayed herbicide from eyes. 

•	 Take a change of clothes to the application site in case your clothes become contaminated and immediately wash 
off any herbicide spilled or sprayed on you. 

•	 Always wash your hands and face thoroughly before eating, smoking, and when leaving the site. 

•	 Always wash contaminated clothes and any clothing worn during spray applications separately from other garments.

•	 Adhere to any worker entry restrictions following treatment and worker notification requirements specified on  
the labels. 

Transport of Herbicides

Adhere to the following precautions for safe transport of herbicides:

•	 Be sure containers are not damaged before loading or during transport.

•	 Take only the amount of herbicide, water, and adjuvants you need for the day.

•	 Do not transport herbicides in the passenger section of a vehicle.

•	 Do not transport herbicides in the trunk of passenger cars or in trucks with wooden beds. Use a trailer to transport 
herbicides when using a car.

•	 Secure all containers with ropes and straps to keep them from moving around. During the trip, check the containers 
periodically to be sure they have not shifted or spilled.

•	 At the application site, keep herbicide containers out of the sun. If you leave the containers in your vehicle, park in 
the shade. Place removed containers in shaded, cool areas. Direct sunlight can overheat herbicide containers and 
build pressure inside the containers. Use a tarp to shade exposed containers during transport and onsite storage.

Herbicide Spill Procedures

Follow these procedures for safely handling a spill:

•	 If an accident during transport results in a minor spill, administer first aid at once to anyone who may have  
been injured. 

•	 Confine the spill by digging a dike around the spill area. Always take a shovel with you when hauling herbicides. 

•	 Soak up the herbicide with an absorbent material, such as that used in automotive garages, or with clayey soil. 

•	 Dispose of the contaminated absorbent as you would excess herbicide by spreading it on a treatment area unless 
local laws specify otherwise. 

If a major spill occurs, follow the procedures given above and then call the manufacturer’s helpline printed on the 
herbicide label. The manufacturer’s helpline representative will tell you which authorities to notify and what further 
actions to take.

Remember to take to your application site a copy of the herbicide label and the MSDS provided to you at the time of 
purchase or found online by product name search. This is a State requirement. The herbicide label has many applica-
tion details while the MSDS has more uniformly presented details, including the manufacturer’s name; an emergency 
phone number; chemical ingredients in the formulation and their properties; health and fire fighting hazards; accident 
response measures; proper methods for handling, storage, transportation, and disposal; exposure controls and per-
sonal protection; and regulatory information. If an accident involves a person’s physical exposure to a herbicide, the 
physician will need a copy of the MSDS. 
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Herbicide Application Methods

Most nonnative invasive plants in the South are perennials with extensive roots, tubers, or rhizomes. This means 
that effective herbicide applications offer the best means of containment or eradication, because herbicides can kill 
roots without baring soil—bared soil is susceptible to reinvasion and erosion. Decades of research has found that 
herbicides tested and registered with the U.S. Environmental Protection Agency (EPA) are safe to humans and other 
animals when stored, transported, and applied according to strict label directions. For successful herbicide treatments:

•	 Use the herbicide most effective for the targeted species and appropriate for safety to nontarget species and situation. 

•	 Follow, in detail, the application methods prescribed on the label. Adhere to all label prohibitions, precautions, and 
safety requirements during herbicide transport, storage, mixing, and application. 

•	 Choose the optimum time for applications. For foliar-applied herbicides to nonevergreen woody plants, the best time 
is usually midsummer to early fall and not later than a month before expected frost. Evergreens and semievergreens 
with leaves can be treated effectively in the winter. Optimum application times for many herbicides on invasive plants 
have not been fully researched and future findings should greatly assist to perfect prescriptions. 

•	 Be patient. After application, herbicidal activity—detectable as yellowing of foliage or as leaves with dead spots 
or margins—may take a month or longer. Allow herbicides to work for several months to a year before resorting to 
other treatment options. Consult the herbicide label for timing of expected response of treated vegetation.  But when 
green foliage reappears, retreatments should follow.

Selecting an Effective Herbicide

Herbicides registered by EPA for forestry use, wildlife openings, noncroplands, and fencerows in the Southern States 
will mainly be discussed here, although herbicides for other land use areas, such as rights-of-way, pastures, and 
rangelands, may be just as effective and may contain the same active ingredient. If a herbicide is not prohibited for 
use on a specific site, crop, or vegetation, then the broad category of noncrop areas even allows use in “nonused” 
lands and parks in urban and suburban environments. Some prescriptions for these other land types will also be given 
along with aquatic sites. Carefully read and study the herbicide label for information on specified areas of use, crops, 
and prohibitions. It is not necessary for the target invasive plant to be listed on the label for permitted use, except 
in specific States, like New Hampshire. There are a few State-specific prohibitions, such as Florida’s prohibition of 
picloram herbicides, i.e., Tordon use.

Herbicides are identified by trade name and active ingredient name. Many active ingredients are now sold as generic
herbicides at lower costs, while customer service and product liability may be different than the brand name products
listed here. Most of these herbicides can be ordered from forestry herbicide distributors (check online).

Foliar-Active (Primarily) Herbicides 

Enforcer® Brush Killer (triclopyr)
Glyphosate herbicides (glyphosate concentrations commonly range from 41 to 54 percent) such as:
	 Accord® Concentrate
	 Glyphomax® Plus
	 Roundup® Original
	 Roundup Pro® Concentrate 
	 Rodeo® (aquatic)
Garlon® 3A (triclopyr)
Garlon® 4 (triclopyr ester)
Garlon® 4 Ultra (triclopyr ester)
Krenite® S (fosamine) 
ORTHO® Brush-B-Gon® (triclopyr)
Pathfinder® II (triclopyr in oil)
Renovate® 3 (aquatic triclopyr)
Vista® XRT (fluroxypyr)
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Foliar and Soil-Active Herbicides

Arsenal® AC (imazapyr)
Arsenal® PowerLine™ (imazapyr)
Chopper® Gen2 (imazapyr)
Clearcast® (imazamox aquatic)
Escort® XP (metsulfuron)
Habitat® (imazapyr aquatic)
Hyvar® X-L (bromacil)
Journey® (imazapic + glyphosate)
Method® 240SL (aminocyclopyrachlor) 
Milestone® VM (aminopyralid)
Milestone® VM Plus (aminopyralid + triclopyr) 
Outrider® (sulfosulfuron)
Overdrive® (diflufenzopyr + dicamba)
Pathway® (2,4-D + picloram)
Plateau® (imazapic)
Tordon® 101 (2,4-D + picloram, Restricted use)
Tordon® K (picloram, Restricted use)
Tordon® RTU (2,4-D + picloram) 
Transline® (clopyralid)
Stalker® (imazapyr)
Vanquish® (dicamba)
Velpar L® (hexazinone)

Because nonnative invasive plants are usually difficult to control, selecting the most effective herbicide(s) is important. 
Often herbicides that have both soil and foliar activity are most effective with the least number of applications. However, 
applying herbicides with soil activity can damage desirable plants when their roots are present in the treatment zone 
or when herbicides move downslope to untreated areas following heavy rainfall. Garlon herbicides are mainly foliar 
active, but they have some soil activity at high rates or when mixed with oils. Garlon 4 and Vanquish can volatilize 
or vaporize at high temperatures, and their residues can move by air currents to affect surrounding plants; therefore, 
avoid application of these herbicides on days when temperatures exceed 80 °F. Avoid applications when rainfall is 
anticipated, unless soil activation is needed. Consult the label for the rainfast period. Delay applications during severe 
drought because herbicides are not as effective when plants go into stress dormancy during dry periods.

When possible, use selective herbicides that target specific nonnative species, e.g., Transline, which controls mainly 
legumes and composites and minimizes damage to surrounding desirable plants even though they receive herbicide 
contact. Minimizing damage to desirable plants also can be achieved by making applications when they are dormant. 
For example, apply basal sprays to the bark of invasives in late winter before most other plants emerge, or foliar spray 
evergreen or semievergreen invasives after surrounding plants have entered dormancy. Remember that desirable 
woody plants can be damaged through transfer of herbicides by root exudates following stem injection and cut-treat 
treatments or when soil-active herbicides wash off treated stems. Damage to surrounding native plants can be mini-
mized with care and forethought during planning and application. 

Adjuvants and Additives to Herbicide Spray Solutions

Adjuvants are any product other than water added to a spray solution to improve herbicide performance and effective-
ness, including delivery, retention on foliage, and foliar or bark penetration. Adjuvants may be included as part of the 
commercial herbicide product or sold separately as an additive you must mix with the herbicide before application. 
Another common additive used by professionals is a marking dye, which is not an adjuvant. Choose an adjuvant 
according to label recommendations and appropriate for your particular application method and field conditions. Be 
aware that many adjuvants are sold under invalid claims and unproven results. Before purchasing an adjuvant, ask 
for recommendations from reliable, certified distributors, applicators, or extension specialists. Useful adjuvants and 
additives include the following and are classified here according to their type of action.



Spray colorant indicates 
coverage.
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Marking dyes and colorants, used in selective or broadcast herbicide applications, 
verify that the treatment was applied to the intended target. Application dyes show 
how well target vegetation has been covered and whether harmful contact has been 
made with nontarget vegetation or with the applicator. Although dyes are messy and 
short-lived as visible markers, they are helpful in training applicators and checking the 
quality of applications. Common dyes include Bullseye® Blue Spray Pattern Indica-
tor, Hi-Light® Blue Indicator, and Blazon® Blue Spray Pattern Indicator. Bullseye is a 
water-soluble polymeric colorant, not a dye, and nonstaining on skin, clothing, and 
equipment. Bas-Oil® Red is oil-soluble and used with basal oil mixes. 

Surface active agents (better known by the acronym surfactants) are a broad 
group of materials that facilitate the emulsifying, dispersing, spreading, wetting, and 
other surface modifying properties of liquids. Surfactants increase herbicide activity by 
making droplets larger on the leaf, thus improving penetration of the plant. Herbicide, 
weed species, and environmental conditions affect surfactant performance. Surfactants 
should be used with most foliar applications, except when prohibited by the herbicide 
label for specific uses, such as safety to desirable seeds and seedlings. Nonionic 
surfactants are usually recommended because they enhance wetting and retention 
of spray drops and do not bind with the herbicide molecule to cause deactivation. 
Never use household detergents as surfactants because they can deactivate many 
herbicides. Common surfactants include Entry II®, Big Sur 90, and Timbersurf 90. A 
newer type of surfactant with leaf penetrating action and rainfastness is based on 
organosilicones, with commonly used products being Sil Energy® and Silwet® L-77. These must be mixed exactly or 
they will be ineffective. They also increase the risk of injury to skin and eyes during application. Organosilicones are 
now commonly blended with other surfactants for additive properties. 

Water conditioners are spray solution additives that enhance herbicide performance by preventing deactivation 
of the herbicide’s active ingredient. Ammoniated salts are added to prevent loss of herbicidal activity of glyphosate 
and picloram when using “hard water” with greater than 200 parts per million of calcium, magnesium, and potassium. 
Acidifiers and buffers are additives sometimes listed on herbicide labels for use with specific water sources. Ammoni-
ated salts, buffers, and surfactants are now blended to combine their activities in special spray additives. Common 
water conditioners are Choice® Weather Master, and AMSWC™ (just ammonium sulfate). Because dirt and organic 
debris can cause herbicide deactivation, always mix herbicides only with clean water from a filtered and treated source.

Vegetable oils, such as methylated seed oil (MSO), can increase spray drop adherence to leaves, increase herbicide 
penetration of leaves, and slow evaporation during and after application. Herbicides must remain in solution on a leaf 
for plant uptake. Vegetable oils also are mixed in basal sprays, and some vegetable oils contain emulsifying agents 
for this purpose. Several new formulations of herbicides come with vegetable oils. Common MSOs are Improved JLB 
Oil Plus and DYNE-AMIC®. A commonly used bark oil is Aqumix®.

Drift retardants thicken spray solutions to create larger drops that are less likely to drift in wind, permitting more ac-
curate applications in light wind and continued applications in slightly windier conditions. Common drift retardants are 
Poly Control 2, Nalcotrol®, and Sta-Put® Deposition Aid.

Penetrants partially dissolve waxy plant surfaces to help the herbicide penetrate leaves or move through bark. Com-
mon penetrants are Cide-Kick® and Cide-Kick® II. 

Defoamers dissolve foam in spray tanks to improve mixing and transfers of herbicides like Arsenal AC and Velpar ® 
L. Common defoamers are Fighter-F®10, Foam Fighter ®, and Brewer’s Defoamer.



Do mix in a bucket with a stirrer.Do not mix in a sprayer.
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Mixing Herbicides

Always use clean water in herbicide spray solutions. Thoroughly mix all ingredients before applications. Unevenly 
mixed herbicide solutions will produce uneven results. For large batch mixing of 5 to 200 gallons, the mixing or ap-
plication tank must have an agitation system and must be operated for a sufficient time to produce a uniform mix. 
Never mix herbicides in a backpack 
sprayer because their shape inhib-
its thorough mixing. Instead, always 
mix herbicide sprays for backpack 
sprayers in a separate mixing con-
tainer to a point that guarantees 
uniformity. Mix individual batches 
with a stirrer in a bucket. For large 
batches, fill backpack sprayers from 
a mixing tank that has an agitation 
system. Fill the mixing bucket or 
mixing tank one-half to three-
quarters full with clean water. Add 
herbicides at label-recommended 
rates, with carefully calculated and 
measured amounts of ingredients, 
stirring or agitating the mixture as 
you add these. For best results, 
add herbicide types, additives, and 
adjuvants in the following order: (1) water conditioners and defoamers, (2) dry flowables (like Escort XP), (3) emulsifi-
able concentrates (like Garlon 4), (4) water-soluble liquids (like glyphosate herbicides), (5) most adjuvants, and (6) 
drift retardants. Over time, dry flowables and other herbicides, along with oil additives, can settle to the bottom of a 
tank and must be periodically agitated as specified on the label.

Backpack Sprayers 

Backpack sprayers vary greatly in design and capabilities, and many versions are available commercially. The most 
desirable components of a backpack sprayer are a streamlined shape (to make it easy for the applicator to move through 
dense vegetation), an impact-resistant tank equipped with a large opening (for filling), and a solid screen (to trap debris). 
All backpack sprayers 
and spray guns should 
have chemical-resis-
tant seals. Viton® seals 
are made of the most 
durable materials and 
allow handling of both 
oil- and water-based 
mixtures. Backpacks 
with internal pressure 
regulators can help 
the applicator ensure 
uniform rates of application and minimize drift that otherwise might result from using too much pressure. Some mod-
els feature kink-resistant hoses for improved safety and reliability. Comfort and support in the design of a backpack 
sprayer cannot be overstated. Padded shoulder straps with harnesses that attach securely to the frame can reduce 
operator fatigue and accidents, especially in dense vegetation or on uneven terrain.

Backpack sprayers come with a piston or diaphragm pump. Piston pumps must have a regulator because they generate 
higher pressures. An added pressure gauge on the wand handle can help the applicator maintain a spray pressure 
appropriate for the given treatment. Another useful addition to a backpack sprayer is a more durable metal spray 
wand with a more precise shutoff valve than the valve on a flexible plastic wand. Quality backpack sprayers, which 
are preferred by commercial applicators, usually come with a 1- to 3-year warranty.
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Nozzle spray angles of 65 and  
120 degrees.

Even flat fan spray tip—
SS4004E.
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Spray Nozzles

Choosing the best nozzle will usually require that you purchase another nozzle and not use the one that comes with 
your sprayer. Correct nozzles can greatly improve effectiveness and efficiency. Nozzles consist of a nozzle body, a 
cap, and a tip with the orifice. The spray tip is the most important part of your sprayer because it breaks the liquid into 
droplets of the correct size and forms the spray pattern. 

Tips are made of a variety of materials. Most readily available tips are made of plastic, brass, and stainless steel. Tips 
of harder materials initially may cost more but will pay for themselves in the long run with durability and consistent 
performance. Plastic tips tend to have very irregular spray patterns. Brass tips can be easily damaged during clean-
ing, and such damage will cause irregular spray patterns. It is a good practice to discard plastic or brass nozzles that 
come standard with a sprayer and replace them with tips of stainless steel designed for long-term commercial use. 
Stainless steel tips provide a uniform and consistent spray pattern over longer periods and are known for having fewer 
out-of-the-box defects. 

Air induction tips are newer modifications. These tips produce large, air-filled drops that help reduce the potential for 
drift in winds. They work by drawing air through two holes in the nozzle sides, which blends the air with the herbi-
cide mix. They emit a spray of large droplets filled with air bubbles and virtually no drift-prone droplets. Other nozzle 
alternatives include “low-drift” and “extended-range” tips that produce fewer small stray droplets and aerosols that 
contribute to drift compared to conventional nozzles. When choosing air induction or stainless steel nozzles, consider 
models with a plastic body and a steel tip, because these models are as durable as more expensive all-steel nozzles. 

Low-volume directed sprays are often applied 
with a backpack sprayer and a spray wand 
equipped with a full cone, flat-fan, or adjust-
able cone spray tip. The tip has the orifice, 
which is usually identified by a four-digit 
number representing its spray pattern angle 
and flow-volume specifications; for example, 
an 8002 tip has a spray pattern angle of 80 
degrees and a flow volume of 0.2 gallons 
per minute (all flow volumes are measured 
at 40 pounds per square inch of pressure). 
When your application is for invasive plants, 
models SS4004E (SS = stainless steel, E 
= even pattern); SS8004E; SS2504; and a 
wide-angle flooding nozzle like the Floodjet 
TK VS3 yield good coverage, useful flow 
rates, and are good additions to your toolkit. 
A range of tips should be carried to the field so that 
the best nozzle for plant heights, terrain, and weather 
can be selected. To purchase nozzles and spray com-
ponents and parts, consult an agricultural products 
outlet, farm tractor dealer, or farm store. Major sources 
are Spraying Systems Company (630–665–5000, 
www.spray.com, info@spray.com); Dultmeier Sales 
(888–677–5054, www.dultmeier.com/div_agricultural.
asp, dultmeier@dultmeier.com); and Forestry Suppli-
ers Inc. (800–752–8460, www.forestry-suppliers.com, 
www.forestry-suppliers.com/c01_pages/contact.asp). 
These few are provided to assist the reader, while there 
are other manufacturers and distributors.
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Sprayer Preparation

Prior to calibration of equipment and application of herbicides, applicators must properly prepare their equipment. 
Thoroughly clean all nozzles, screens, and filters in detergent solution, using a soft bristle brush, and then rinse. Make 
certain that all nozzles are the same size, prescribed for the application, and made of the same material for uniformity 
by all applicators and especially when several nozzles are along a short boom. Replace nozzles that do not have uni-
form spray patterns (often determined by spraying along a concrete surface). Check flow rates periodically by catching 
spray in a container over a timed period. Stay alert for dripping nozzles and use check values to prevent drips. Select 
an operating pressure consistent with the desired gallons per acre output and spray pattern relative to wind condi-
tions. Check all PPE, replace faulty items, and make certain that all applicators are trained in use and maintenance 
of all items. Always use the appropriate PPE for each operation, and perform daily maintenance on this equipment.

Backpack Sprayer Calibration 

Prescriptions for invasive plant applications are often given as percent-solutions of specific herbicides. But on herbicide 
labels, most prescriptions are given in herbicide volume or weight (dry herbicides) per acre. This requires calibration 
of a spray system using the same nozzle(s) and pressure that will be used during application. Calibration is simply 
the determination of how much spray volume is applied to a specified area of land. Calibration requires timing an 
application to a known area, which is then expressed as gallons per acre. This should be done in the treatment area 
because factoring in the speed of the applicator who works in those conditions is crucial for accurate calibration. Water 
alone should be used for calibration procedure.

•	 For calibrating broadcast sprays, measure the width of the spray swath in feet and multiply this measurement by 
the distance traveled in feet for 1 minute. Convert this result to an acre basis by dividing the square feet by 43,560 
square feet per acre. 

•	 Catch the spray from the nozzle(s) for 1 minute and measure the volume in ounces. Convert this measurement to 
gallons by dividing by 128 ounces per gallon. 

•	 Gallons per acre then can be calculated by dividing the measured gallons by the part of an acre treated. 

The calculated “gallons per acre” output during application will be a mixture of herbicide, water, and any additional 
adjuvants. The amount of herbicide prescribed per acre is specified on the label or in this book; this is the amount you 
should mix with the “gallons per acre” determined during calibration. For example, if a prescription calls for 2 gallons 
of herbicide per acre, and if your sprayer is calibrated to apply 20 gallons per acre, then, to treat 1 acre, you must mix 
2 gallons of herbicide in 18 gallons of water and adjuvants. For mixing an individual batch for a 4-gallon backpack 
sprayer, you would divide these quantities by 5. If you need to apply more or less gallons per acre as specified on the 
label or dictated by vegetation conditions, the nozzle size(s) and/or pressure should be changed. Higher pressures 
or larger tips will increase output, while increasing pressure may increase drift potential. 

You can use the same calculation methods for foliar-directed sprays and for sprayers mounted on tractors and other 
equipment. For foliar sprays, you will treat individual plants in the measured area (some part of an acre) and then you 
can refill your sprayer according to a marked pre-application level to determine the gallons applied. For calculations 
of mounted sprayers, you will need to consider a large calibration area and capture spray from all nozzles, both over 
a timed period as before.



Spray shield from a used gallon milk 
jug (bottom removed and cap bored).

Spray gun with rollover valve that 
holds two tips.
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Selective Herbicide Applications

Although treating extensive infestations may require broadcast treatments of 
herbicide sprays or pellets by helicopter or tractor-mounted application systems, 
the best approach is usually selective applications to target nonnative plants 
while avoiding or minimizing application to desirable plants. The selective 
methods described below are directed foliar sprays and wipes, basal sprays 
and wipes, stem injection, cut-treat, basal sprays, and soil spots.

Directed Foliar Sprays and Wipes 

Directed foliar sprays are herbicide-water-adjuvant solutions aimed at target 
plant foliage to wet all leaves, applied by either low- or high-volume sprayers. 
Herbicide application by directed foliar spray is one of the most cost-effective 
methods for treating many types of herbaceous and woody invasive plant 
species. With this method, herbicide mixtures are applied to the foliage and 
especially the growing tips of woody plants, or to completely cover herbaceous 
plants. Foliar sprays can be applied whenever leaves are present but, for woody 
plant control, are usually most effective from midsummer to late fall. Winter and 
spring applications are also effective in controlling specific species and are 
often required to prevent seed formation. 

Selective treatment is possible because the applicator can direct the spray 
towards target plants and away from desirable plants. The addition of a spray 
shield to the end of the wand confines spray to the target. Another safeguard 
is to only use foliar-active herbicides, because directed sprays of soil-active 
herbicides can damage or kill surrounding plants when their roots are within 
the treatment zone. Never use herbicides with soil activity to treat invasive 
plants under desirable trees or shrubs that are susceptible to the herbicide. If 
nontarget foliage is accidently sprayed, clip off the foliage to prevent uptake. 

Low-volume foliar sprays using spray tips and spraying pressures of 20 to 30 
pounds per square inch can ensure productivity and limit drift to surrounding 
plants. Plants up to 6 feet tall can be treated with this equipment, while the ad-
dition of a commercially available wand extension can slightly increase height 
capabilities. To treat plants up to about 18 feet tall, use higher spray pressures 
with a straight-stream or narrow flat-fan tip. Wind must be minimal (less than  
2 miles per hour) and used by the applicator to facilitate 
upper crown coverage. A handgun with a rollover valve 
can replace the spray wand and accommodates two tips, 
such as a flat fan for close spraying and a narrow flat fan 
or adjustable cone nozzle for tall plant spraying. This setup 
greatly extends applicator capabilities and productivity 
when invasive infestations vary in height. Sturdy metal 
wands can replace plastic ones for more precise applica-
tions. Small booms with multiple nozzles can replace the 
single-nozzle wand for better productivity and efficiency 
in treating large areas of low-growing invasives.

Directed foliar sprays can be applied in higher volumes by 
using spray wands attached by hoses to vehicle-mounted 
spraying systems that have much larger herbicide tank 
capacities. The high-volume directed foliar spray is the 
most efficient approach to large infestations of multiple 
invasive species where there are few nontarget plants.
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Foliar wick applicator.

THINVERT Application System.

Handmade basal bark wiper.

22

Handheld weed wicks and rollers apply ultra-low volumes by wiping the 
herbicide mix onto the target leaf surfaces or bark; the herbicide mixture 
is contained in the handle. A few commercial models are manufactured in 
Australia and New Zealand, but devices also can be handmade from PVC 
tubing, fittings, and a sealed on sponge or rope wick and fitted to the wand of a 
backpack sprayer. Most wick systems have limited use and durability in forest 
and field situations, but are useful when the applicator needs to avoid applying 
herbicide to rare or protected plants. Similar to a weed wick applicator, a roll-
ing sponge head is 
another drift-free 
tool option that al-
lows application 
directly to targeted 
species.

The THINVERT 
Application Sys-
tem uses a series 
of special spray 
nozzles to apply 
thin invert emulsion 
spray solut ions 
(thin mayonnaise-
like consistency) to 
greatly reduce drift 
and evaporation of 
spray particles on 
the plant surface. 
The nozzles and 
a combination of special oil soluble herbicide (triclopyr) and emulsifying 
agent have been developed and sold by Arborchem Products Company 
(717–766–6661, www.arborchem.com). This system combines the unique 
spray nozzle and spray carrier into a coordinated unit for aerial or ground 
applications to roadsides, rangeland, cropland, industrial sites, forests, and 
landscape areas. Thinvert sprays can be applied to foliage as well as stems 
or cut-stumps where absolutely no drift can be tolerated, such as immediately 
adjacent to neighboring croplands and special rare plant habitats.



Basal spray applications.
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Basal Sprays and Wipes

Basal sprays are herbicide-oil-penetrant mixtures sprayed on the lower portion of 
woody shrub, vine, and tree stems. The sprays are usually applied with a backpack 
sprayer or wick applicator. Basal sprays are best where most trees are less than 
8 inches diameter breast height (d.b.h.), but can be used on much larger trees 
of susceptible species. Application is to smooth juvenile bark by thoroughly wet-
ting the lower 12 to 20 inches of the trunk, up to 36 inches on larger trees to the 
groundline including the root-collar area and any exposed roots. Smaller trees 
and shrubs are controlled with less coverage. Avoid spray contact with desirable 
trees or heavy use within their root zone.

The herbicide must be an oil-soluble ester formulation, such as Garlon 4 and 
Stalker, and mixed with a special basal oil product, penetrating oil, diesel fuel, 
fuel oil, mineral oil, vegetable oil with a penetrant, or blends of these ingredients. 
Appropriate oils will be specified on the label. Some oils may be prohibited for 
application in riparian areas and wetlands. Use an adjustable cone nozzle with a 
coarse spray. For less off-target spray on smaller trees, use an even flat-fan nozzle 
with a fairly narrow angle and low volume (such as a 4002E, oriented crosswise 
to the wand for a spray that lands in a vertical band on the stem). 

Pathfinder II is sold ready to use as a mixture of triclopyr ester  herbicide mixed 
with oil in the container. 

A modified method, streamlined basal sprays, is effective for many woody species 
up to 2 inches in groundline diameter and susceptible species up to 6 inches in 
diameter, such as privets. Equipment for this treatment is a backpack sprayer with 
a spray gun and a low-flow straight-stream or narrow-angle spray tip. To prevent 
waste, maintain pressure below 30 pounds per square inch with a pressure regu-
lator. At this pressure, an effective reach of 9 feet is possible while bark splash is 
minimized. For treating stems less than 2 inches in diameter, apply the stream of 
spray up and down single stems for about 6 to 8 inches or apply across multiple 
stems in 2- to 3-inch-wide bands. This multiple-band treatment also can be ef-
fective on larger stems. Direct the spray stream to smooth juvenile bark about 4 
to 18 inches from the ground and below branches. Stems that are thick barked 
or near 3 inches in diameter require treatment on all sides. 

The most effective time period in most of the South for a basal spray and stream-
line is June through September, while winter treatments are easier when leaves 
do not block access and spray. Fall, winter, and late spring applications are often 
not as effective, though the period from February 15 to April 1 has shown ac-
ceptable results. After treating with a basal spray, wait at least 6 months before 
cutting dead trees, because herbicide activity within plant roots can continue for 
an extended period.



Hack-and-squirt method.

Cane knife.

Cutting tools for hack-and-
squirt treatment.

Penetrate the bark and inner 
bark, slightly into the wood.

Apply herbicide into each cut 
until thoroughly wet.
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Stem Injection

Stem injection (including hack-and-squirt) involves herbicide concentrate or herbicide-
water mixtures applied into downward incision cuts spaced around woody stems. Cuts 
are made by an ax, hatchet, machete, brush ax, cane knife, or a variety of cutting tools 
and even cordless drills. Tree injection is a selective 
method of controlling larger trees, shrubs, and vines 
(greater than 2 inches in d.b.h.) with minimum dam-
age to surrounding plants. Stem injection is the fastest 
and most cost-effective method for nonnative trees 
and large shrubs. Injection treatments are sometimes 
not as effective in controlling multiple-stemmed spe-
cies compared to the faster basal bark treatments, 
but may be easier in remote or rough terrain where 
a backpack sprayer might be impractical or cumber-
some. Stem injection is physically demanding for 
the applicator, who must repeatedly and accurately 
strike target trees with a sharp tool before delivering 
the herbicide into the cut. For best results, sharpen 
tools frequently. 

Incisions must be deep enough to penetrate the bark 
and inner bark, slightly into the wood. Do not make 
multiple cuts directly above or below each other 
because this will inhibit movement of the herbicide 
within the stem. A complete girdle or frill of the stem 
is not needed or desirable. Space the injection cuts 1 
to 1.5 inches apart edge to edge (or per label instruc-
tions) around the circumference of each trunk indi-
vidually or within a clump at a convenient height. Use 
a handheld, chemical-resistant 1- to 2-quart spray 
bottle to apply 0.5 to 2 mL of concentrated herbicide 
or dilutions (prescribed on the label) into the cut. The 
amount will depend on the size of cut and how much 
the cut can hold without the herbicide running onto 
the bark. Apply herbicide to each cut until the exposed 
area is thoroughly wet. The herbicide should remain 
in the injection cut to avoid wasting herbicide and to 
prevent damage of surrounding plants. All injected 
herbicides can reach untreated plants by root grafts 
between like species, and uptake of root exudates by all species results in nontarget 
damage. Herbicides with soil activity can damage nearby plants when washed from 
incisions into the soil by unexpected rainfall soon after application. Avoid injection 
treatments if rainfall is predicted within 48 hours.



Hypo Hatchet® Tree Injector.

EZ-Ject® tree injector.
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Special tree injectors are available that combine the cutting operation with automated 
herbicide delivery. For injecting some herbicides (amine formulations), the Hypo- 
Hatchet® Tree injector (Forestry Suppliers Inc., 800–647–5368, www.forestry-suppli-
ers.com) consists of a steel hatchet connected to a herbicide container (worn on belt) 
by tubing. The injector delivers a set amount of herbicide into the cut. Daily cleaning 
and lubrication of the impact piston is required maintenance, along with periodic 
replacement of rubber o-rings and seals. Check all hoses and fittings before use for 
leaks and make appropriate repairs to prevent accidental exposure of herbicide to the 
applicator. When working with the Hypo-Hatchet in dense infestations, be mindful of 
the supply tubing, which might become tangled and easily disconnected.

Another injector is the EZ-Ject®, which consists of a steel lance that holds 400 shells 
of glyphosate or imazapyr herbicides (ArborSystems, 888–395–6732, www.ezject.
com). The head of the lance is placed against the base of the target woody plant, 
and a manual thrust jams the shell through the bark into the inner bark. As with other 
injection methods, these shells are spaced around each stem. The EZ-Ject is the 
most efficient and effective injection option for treating multi-stemmed, low-branching 
shrubs like privets, silverthorn (Elaeagnus pungens Thunb.), and bush honeysuckles 
(Lonicera spp.), as well as large entangled vines like oriental bittersweet (Celastrus 
orbiculatus Thunb.). Shell jamming has been reported as a problem when using the 
EZ-Ject to treat extensive infestations. Removing the herbicide shells when not in 
use, proper use, and daily maintenance can help prevent jamming.

Tree injection can be applied at most times throughout the year, but December to 
the middle of January seems to be least effective in the Midsouth. Prolonged cold 
temperatures can freeze herbicide in the cut, resulting in poor absorption. Heavy 
spring sapflow can wash herbicide from incision cuts, resulting in poor control and 
soil transfer to nontarget plants. Prolonged and 
severe drought is also an ineffective period. 

Cut-Treat

Cut-treat involves applying herbicide concen-
trates, herbicide-water or herbicide-penetrant 
mixtures to the outer circumference of freshly 
cut stumps or the entire top surface of cut 
stems. Applications are made with a spray 
bottle, backpack sprayer, wick, or paint brush. 
Freshly cut stems and stumps of trees, woody 
vines, shrubs, canes, and bamboo stems can 
be treated with herbicide mixtures to prevent 
resprouting and to kill roots. It is critical that the 
cut is made as low as possible to the ground, 
and that the stem is treated immediately after 
the cut is made. Invasives not treated with 
herbicides after cutting invariably resprout and 
intensify their infestation. Cutting is usually by 
chainsaw or brush saw but can be made by 
handsaws and cutting blades.
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Brushsaw clears small stems. Brushsaw blade with chainsaw- 
like teeth.

Small chainsaw for cutting.

S
te

ve
n 

T.
 M

an
ni

ng

Household use sprayer.

26

To minimize deactivation of the herbicide in the cut-treat method, remove sawdust from stumps before treatment. For 
stumps over 3 inches in diameter, completely wet the outer edge with the herbicide or herbicide mixture. Make certain 
that the solution thoroughly covers the wood next to the bark of the stump. Completely wet the tops of smaller stumps 
and all cut stems in a clump. Apply a basal spray mixture of herbicide, oil, and penetrant to stumps that have gone 
untreated for over 2 hours. Make certain to wet stump sides and root collar to further prevent sprouting.

The most effective time for the cut-treat method has not been determined for all invasive species, while summer and 
fall have shown to provide good control. One-year research results show that spring cut-treat with Garlon 4 on large 
Chinese privet is completely effective. Although winter treatments are slightly less effective than growing season applica-
tions, the absence of foliage on some cut stems and branches produces some offsetting gains in application efficiency.

Hand Sprayers for Injection and Cut-Treat 
Most commercial hand sprayers are for occasional weekend household use. If 
you require a model for heavier duty and continuous daily operations, consider 
a sprayer with chemical-resistant Viton seals and a manual handpump. A good 
hand sprayer also will have an adjustable mist nozzle and a large filling opening. 
Models with a pump compression design are good for cutting and treating, while 
trigger-action pumps are better suited for stem injection or soil spot treatments. 
A full-grip valve will prevent fingertip fatigue with prolonged daily use of finger 
trigger valves.

Handsaws or Cutting Blades

Chainsaws 

A chainsaw with a 12- to 14-inch bar is best for felling most woody invasive plants 
since they are light weight and suited for cutting multiple stems in clumps. Pro-
fessional tree saws are usually the lightest on the market and the tool of choice 
among contractors.

Brush Saws

Brush saws are large gasoline-powered weed eaters with a circular saw blade for 
cutting woody stems. While many large and expensive brush clearing saws are 
on the market, the high-end professional model is the preference of contractors 
for large projects. Special chainsaw-like tooth blades around a disc are the most 
efficient for cutting invasive plants and can be sharpened in the field throughout 
the life of the blade.
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Soil Spots 

Spots of soil-active herbicides (mainly Velpar L and Hyvar X-L) are applied as spaced 
metered amounts around target woody stems or in a grid pattern for treating many 
stems in an area. Spots are usually applied with a utility spray bottle (herbicide-resistant 
seals preferred) or with operator-timed pulses from a hand sprayer or backpack sprayer 
equipped with a straight-stream nozzle. This method requires attention to preparing 
exact amounts and making prescribed spacings in strict accordance with specifications 
on herbicide labels or label supplements. It is effective only on specific nonnative plant 
species and usually only in spring and early summer. Any desirable plant with roots in 
the spot area can be killed or injured, making this appropriate only for dense infestations 
of a single invasive species such as tallowtree [Triadica sebifera (L.) Small], bamboos 
(Phyllostachys spp. and Bambusa spp.), and Brazilian peppertree (Schinus terebinthifolius 
Raddi). Loblolly pine (Pinus taeda L.) is tolerant to Velpar L, and, thus, can be released 
from susceptible invasive shrubs and trees. 

Under Development: Pneumatic Applicator  
for Herbicide Ballistic Technology 

New equipment options under development for invasive plant 
management include paintball guns with herbicide-filled ammuni-
tion for basal applications. Researchers at the University of Hawaii 
are studying how paintball guns might help selectively control a 
variety of species in hard-to-reach areas. From the ground or 
helicopter, sharpshooters can apply herbicides in a very selective 
manner with this tool. 

Broadcast Herbicide Applications

Many infestations of nonnative plants are too extensive or dense 
to permit selective herbicide applications, and instead require 
broadcast methods. Herbicides with appropriate selectivity can 
be used to minimize damage when native species are tolerant. 
Broadcast applications can be discontinued in pockets of nontarget native plants, where selective methods are more 
appropriate. In special plant habitats, small desirable plants can be protected by plastic covers during broadcast 
treatment. Broadcast sprays of herbicides without soil activity can be applied to evergreen or early greening invasives 
when native plants are dormant. Many equipment types are available for mounting broadcast application systems 
suitable for the situation.

Utility Skid and Trailer-Mounted Sprayers

Complete spray systems are available mounted on utility skids for hauling in truck 
beds and as trailers for towing behind many types of equipment. Sprayers for treat-
ing invasives often have a tank with 100- to 250-gallon capacity and require 100- to 
200-foot hose reels attached to a handgun. A variety of handguns and nozzles allow 
applicators to adjust spray volume, distance, and pattern. Sprayer pumps are usually 
powered by 2-stroke gasoline engines that require availability of adequate fuel and 
oil onsite. Truck- and trailer-mounted sprayers are parked at a convenient location, 
from where the applicator walks with a sprayer handgun into the infestation. The chief 
benefit of mounted sprayers is their capacity for holding and applying high volumes 
of herbicide-water mixtures. But their benefit is checked by such limitations as acces-
sibility to the infestation, hose length and weight, and provisioning of water in the field. 
Of mounted sprayers, the skid steer-mounted sprayer is best for getting into difficult 
terrain and stands. 
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Basic Spraying Systems
Basic spraying systems for broadcast treatments have the following 
components: (1) tank, (2) pump, (3) strainer, (4) pressure regula-
tor, (5) pressure gauge, (6) off and on valve, and (7) nozzle(s). 
Additional off and on valves are placed at convenient locations and 
additional strainers to protect components from undue wear. The 
spray tank should be equipped with an agitation system, or spray 
ingredients can be mixed in a separate mixing tank. For extended 
field operations, the system must include an additional water-supply 
tank equipped with a pump or gravity dispensing device.

All-Terrain Vehicle and Recreational-Type Vehicle Mounted Sprayers

ATV sprayers are best for selective applications in sensitive areas. Newly designed sprayers can hold 16, 24, or 40 gallons 
with optional front tank add-ons for many ATV models. Models have boom and/or boomless nozzles for broadcast application 
and a hose with spray gun for spot treatments. Recreational-type vehicles (RTVs) or Gators are larger than ATVs and carry 
a larger amount of herbicide mixture, with a capacity of up to 150 gallons. RTVs are 
a better option than ATVs for spraying rights-of-way and larger swaths of herbaceous 
plants, because the wide turn radius of RTVs makes them unsuitable for narrow areas. 
ATVs, with a tighter turn radius, are suited for repeated back-and-forth narrow swaths.

Tractor-Mounted Sprayers 

Spray systems can be mounted on farm tractors, four-wheel drive tractors, skidders, forwarders, and crawler tractors. Tractor-
mounted sprayers are useful for large prairie and forest restorations as well as right-of-way projects. Interchangeable attach-
ments allow the operator to use the tractor for herbicide application as well as for many other attachments such as seed 

drills. Tractor-mounted tanks have a capacity of 200 to 600 gallons of spray solution per 
tank, supporting a much larger workload than other ground equipment. Tractors have an 
assortment of implements that can be used not only for spraying for invasive plant control, 
but disking and seeding for restoration as well.



Radiarc® Sprayer produces 
uniform large droplets.

Radiarc® Sprayer 22-tip head.

Spray pattern of two 
Boom Buster nozzles.

Boom Buster nozzles.

Spraying Systems Inc., 5880 
Boom Jet® nozzle with five tips.

Boominator® spray nozzle 
sizes.

Boominator® spray 
pattern.

29

Spray nozzle systems for tractors are usually boomless, which means the spray streams are projected from the tractor. 
There are several boomless nozzle systems that range greatly in price and in control of spray pattern and droplet size. 

The following is a list of boomless nozzle systems ranging from cheapest (with the 
most variable pattern and droplet control) to most expensive (with the most precise 
pattern and droplet control): 

5880 Boom Jet® is a traditional, rugged, and inexpensive system. It consists of a 
cluster of five spray tips mounted on a circular head. Nozzles can be changed to 
match needs. Producing a very non-uniform spray pattern and range of droplet 
sizes, it is useful for treating shrubby invasives when an elevated mounting can 
gain spray height above the canopy. 

The Boom Buster Nozzle is an elongated off-
center nozzle of stainless steel with a gaping 
orifice opening from the end and running 
along the lower side. A nylon diffuser blade is 
positioned in the end of the orifice where a “hard 
edge” is formed for long-distance ejection of the 
spray solution. By mounting one or two nozzles 
perpendicular to the direction of tractor travel, 
the broad spray fans are directed to the side and 
behind the spray vehicle.

Boominator® Spray Nozzle is a circular machined 
stainless steel nozzle designed for left or right mounting. 
This configuration extends side reach and provides 
a wide spray pattern with approximately 15 degrees 
kickback under the nozzle for coverage immediately 
behind the tractor.

The Radiarc® Sprayer is a controlled droplet application 
system that produces droplets of uniform size. It uses 
direct electric power with rheostat adjustments to 
oscillate, in opposite directions, 2 circular heads of 11 
tips each. It combines spray pressure (about 40 pounds 
per square inch) and centrifugal force to produce uniform 
droplets of large diameter for minimal drift. 
The 22 tips are evenly spaced around half 
the circular heads, producing semicircles of 
radiating spray that merge through oscillation 
behind and to the sides of the tractor. Spray 
pattern versatility is provided by a range of 
spray tip sizes. The system provides uniform 
pattern and droplet size, and can be elevated 
mounted where necessary to gain treatment 
height.
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Backpack mist blower.

Wetblade brush mower applies herbicide while cutting.

30

Tractor-Mounted Wetblade and Cut-Spray  
Mower Applicators 

Wetblade and cut-spray mowers are similar to “bush 
hogs” except herbicide is applied during or immediately 
after the cutting operation. One tractor-powered system 
dispenses herbicide onto the lower blade surface that 
wipes it onto the stems at the time of cutting. Control is 
inconsistent with this technology. Another system features 
an after-compartment behind the cutting deck that sprays 
herbicide onto the cut stems. The task of mowing and ap-
plying herbicides takes place in two specialized chambers. 
In the first chamber (the mower deck), the brush encoun-
ters a set of 6-inch blades capable of cutting stems 2 to 3 
inches in diameter. The mowed debris is removed from the 
mowing chamber through a side discharge, not allowing 
the cut biomass to pass through the herbicide application 
chamber. Behind the mowing chamber is an enclosed 
herbicide chamber where the cut stubble encounters 
two treatment phases—a row of nozzles spray herbicide 
directly onto and through the stubble, not on the ground. 
Any herbicide that passes by the stubble is caught by an 
applicator consisting of scrapers, brushes, and chains; the 
applicator wipes herbicide onto the stubble in the second 
application stage. These systems assure precise herbicide 
application to the mowed area and prevent spray drift. 

Wetblade mower systems also can deliver some biocon-
trol agents. Under certain conditions, this capability can 
integrate biological with mechanical control of invasives. 
Wetblade devices also can be added to normal brush saws 
for simultaneous cutting and treating of stumps. 

Backpack Mist Blowers

Broadcast applications can be made with a gasoline-
powered backpack mist blower. A wind turbine creates fine 
droplets that penetrate into shrubby stands and onto the 
foliage, but these droplets readily drift with wind and fog. As 
a safeguard to nontarget plants, foliar-active herbicides are 
usually recommended. These applications are only suit-
able for internal lands with dense infestations where drift 
of the mist-spray drops will be intercepted by target foliage 
and not move to nontarget plants or lands. Wind is critical 
for controlling this application. Wind must be minimal and 
moving away from a lane or spot of application into the 
target foliage. Applications must cease when gusts begin 
to occur. Privets have been treated successfully with this 
method in winter using a glyphosate herbicide when the 
hardwood overstory was mainly without leaves.



Transverse rope-wick
applicator

Canvas 
covering

Holes in pipe
under canvas

Canvas-wick 
applicatorFiller

Longitudinal 
rope-wick applicator

Three types of tractor- 
mounted wick applicators

©
W

es
te

rn
 A

us
tr

al
ia

n 
A

gr
ic

ul
tu

re
 A

ut
ho

rit
y 

20
08

Roadside sprayers can treat invasives 
along highways.

Aerial spraying kudzu.

Jo
hn

 D
. B

yr
d

31

Tractor-Mounted Weed Wick

Applicators consist of a wick or rope soaked with herbicide from a reservoir fed 
by a manual-use handle or electrical pump. The wetted wick wipes herbicide 
over the leaves and stems of herbaceous invasive plants as it passes over 
them. Rope-wick and canvas-wick applicators have been used for decades in 
crop management, especially to  control  Johnsongrass [Sorghum halepense 
(L.) Pers.] with glyphosate herbicides. Longitudinal rope-wick applicators are 
robust and provide a long contact time between wicks and individual plants. 
Both the backs and sides of plants are treated. Canvas-wick and transverse 
rope-wick applicators are less expensive but are easily damaged in rough 
terrain and only apply herbicide to the back side of the plants with short 
contact time.

Roadside Sprayers

Roadside sprayers are an array of specially designed and constructed spray-
ers for treating linear roadsides at relatively high speeds and with minimal 
wind drift. These spray systems are mounted on trucks and have 500- to 
3,000-gallon spray and mixing tanks. Herbicide metering systems regulate 
herbicide dispersal rates in synch with truck speed. Integrated boomless 
nozzle systems consist of multiple nozzle arrays for treating different sections 
of road rights-of-way. Where this method is approved by State departments of 
transportation or county commissioners, roadside sprayers are effective 
against invasive plants on the outer edge of rights-of-way. 

Aerial Sprayers

Helicopter sprayers can apply herbicides on large or remote sites of exten-
sive plant infestations. The helicopter blades can be folded for transport 
while mobile tanks with landing pads on top can permit operations from 
woods roads and openings. Helicopter applications to kudzu [Pueraria 
montana (Lour.) Merr.] infestations have been common and successful. 
More recently, dormant season helicopter applications of glyphosate 
have controlled Chinese privet growing in the shrub layer of hardwood 
forests absent of leaves. With GPS technology, helicopter applicators 
are extremely precise in treating target areas with preprogram swaths. 
They are highly maneuverable and apply sprays at much slower speeds 
than fixed-wing aircraft. Spray tanks vary in size from 90 
to 230 gallons. Many types and sizes of nozzles are used, 
including control droplet and invert emulsion systems that 
minimize or eliminate spray drift. Contract aerial applicators 
are available in every part of the southern region.
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Fixed-wing aircraft sprayers have spray booms mounted below the lower wing. With payload capabilities and airspeeds 
both greater than that of helicopters, fixed-wing aircraft sprayers have been effective in controlling brush and weeds 
in large areas since the 1950s. Spray tank capacities vary from 400 to 800 gallons. GPS/GIS systems are used for 
precision applications. Fixed-wing planes are not suited for spraying highly irregular-shaped sites or mountainous areas 
and require a nearby airport. Many herbicides are not labeled for application by fixed-wing aircraft.

Large fixed-wing aircraft applicators include specially modified C–130H aircraft and 
Modular Aerial Spray Systems (MASS). MASS are designed for specially modified 
C–130 aircraft that spray biting insects such as mosquitoes, sand fleas, and filth 
flies. The systems also control vegetation growth on military bombing ranges. 
Although such services are available nationwide, there are few management 
areas sizeable enough to utilize such a service in the Eastern United States. As an 
example, one project conducted by the 910th Airlift Wing, U.S. Air Force Reserve, 
in Youngstown, OH, sprayed 2,880,662 acres, or 4,501 square miles—an area 
equivalent to the State of Connecticut. Fourteen thousand gallons of pesticides 
were used, and the missions comprised 191.4 hours of total flying time with 46.5 
hours of actual “spray-on” time flying at 150 feet aboveground level. Future use 
on military reservations and extensive invasive plant infested lands is possible, 
since the system has been perfected.

Manual Methods

Manual methods include hand pulling as well as use of a wide array of tools for 
cutting, chopping, wrenching, and girdling invasive plants. Manual methods are 
mostly used on woody invasive plants when they are small. Eradication is only 
possible when the root crown or roots that can sprout are completely extracted 
and seedlings are pulled or eliminated following seed germination. Because it is 
difficult and even impossible to extract all of the shallow roots, stolons, and rhizomes 
of many invasives, resprouting will usually occur. Merely pulling small plants and 
cutting top growth will result only in short-term control before stump or root sprouting 
occurs, unless a herbicide is applied to cut surfaces. 

When using manual methods, wear gloves, a long-sleeved shirt, long pants, and 
eye protection. Several invasive plants can cause skin irritation, especially among 
sensitive individuals. Some invasive species have thorns and sharp branches that 
are eye hazards, as well as flying soil from wrenching and digging that might enter 
the eye and warrant wearing safety glasses. 

Hand pulling can be readily performed on seedlings of invasive woody plants (and 
some large herbaceous invasives) when soils are moist or loose. If the roots are 
completely extracted, then eradication is possible. But hand pulling will disturb the 
soil, creating a seedbed for other surrounding invasive plants that might be estab-
lishing in the site. This problem can be reduced by firming the soil with your boots 
and replanting dislodged desirable plants.
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Hand clippers are useful for cutting back climbing vines and small multi-stemmed woody plants up to 1 inch in diam-
eter. Cut as closely to the ground as possible. For vines, remove a 4- to 5-foot section to prevent regrowth trellising to 
the upper dead vine. Immediately apply an appropriate herbicide to the surface of the cut stem. When this is not an 
option, you will need to cut when resprouts appear, and do so repeatedly until no more regrowth. For most invasive 
vines with large roots, it is nearly impossible to deplete root energy reserves with repeated cutting. The most effective 
time for cutting is late spring when root reserves are lowest following spring emergence and growth. Clippers also can 
help gain access in dense brush where it is necessary to use other methods like backpack sprays. Purchase good 
quality clippers that have a bright color for easy locating and a holster for quick access. Always 
keep cutting tools sharpened, and carry sharpening stones and files to the field. Clean and 
maintain tools to prevent rust and provide safe operations. 

Loppers are long-handled shears for cutting woody stems up to several inches in diameter. 
Sturdy long handles, handgrips, and ratchet mechanisms can increase the stem-size cutting 
capability. Cuts should be positioned as close to the ground as possible to effectively remove 
most stem buds. Loppers are commonly used in combination with a herbicide spray bottle for 
treating the cut-stump to prevent resprouting. 

Three-tined pronghoe, pick mattocks, and folding hand pruning saws are used in com-
bination by the Spartanburg Kudzu Coalition (www.kokudzu.com) to surgically remove kudzu 
root crowns. The knot or ball structure near the soil surface contains buds for both vine and 
root growth. When the root crown is extracted with these or other tools, the plant is killed. There 
is no need to dig up the long tuberous roots of kudzu as they contain no 
vine buds for regrowth.

Machetes, bush axes, and cane knives are useful tools for both gaining 
access in thick brush as well as cutting plants for herbicide stem injection 
and cut-treat. Solid, easy-to-grip handles, hand guards, and easy-to-
sharpen blades are best. 

Shrub wrenches use a lever attached to a stem gripping device and a 
foot for extraction of woody root crowns. Shrub wrenches rely on operator 
weight or strength to uproot nonnative plants. These extraction tools are 
best suited for plants with shallow root systems, such as bush honey-
suckle, Chinese privet, and other plants less than 3 inches in groundline 
diameter. Some brand names include the 
Weed Wrench™, Honeysuckle Popper, Root 
Talon, and Extractigator™. Shrub wrenches 
vary by weight, the pulling power, the size of 
plant that they can handle, and their foot size. 
Weight is a prime consideration for packing 
into remote locations. Pulling power of shrub 
wrenches currently available on the market 
range from 6:1 to 24:1. As an illustration of this 
ratio, an operator who applies 10 pounds of 
leverage force to the lever handle of a shrub 
wrench with a 12:1 pulling power ratio exerts 
120 pounds of uprooting force to the plant. 
Foot size determines the kinds of soils the 
shrub wrench can be used in. Root extraction 
with a shrub wrench is easiest in soft soil, but 
working in soft soil also might hinder leverage 
with certain models because of the foot size 
and sinking into the soil. Soil disturbance 
and subsequent erosion can occur on steep 
slopes when wrenches are used. 
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Girdling tools can control some invasive tree and shrub species, although this treatment is marginally effective. Both 
mechanical and gas-powered girdling tools are available specifically for girdling trees. Other girdling tools include 
chainsaws, axes, and levered chains. Girdling should penetrate the outer bark to completely sever the inner bark in 
a ring extending entirely around the trunk. An inch-wide strip of inner bark should be removed to stop flow of sap and 
nutrients in the stem. Most often a herbicide must be added to the cut area to stop stem and root resprouting. Girdling 
may result in additional hazards as subsequent dead standing trees decay and fall over time; therefore, girdling is not 
recommended in high-use areas (along trails or around structures).

Mechanical Methods

In many situations, hand labor is unavailable or cost prohibitive and more horsepower is needed. Developed for for-
estry and land clearing operations, mechanical methods use machines to clear large or dense infestations. Skid-steer 
loaders, mulchers, and tractors and bulldozers having special attachments have been used to reduce invasive woody 
plants. These methods can complement and increase the efficiency of herbicide treatments. Mechanical methods 
include root-raking attachments on bulldozers for preparing land for construction, landscaping, and other development. 
Heavy machinery root raking has eliminated privet thickets and kudzu patches (the uprooted plants are subsequently 
piled up and burned). Land clearing methods have also been used in large restoration projects when infestations are 
extensive and dense, followed by herbicide applications to resprouts and seedlings followed by revegetation with desir-
able plants. Some equipment, with appropriate attachments, can prepare the site for seeding and tree planting. Most 
important is using the appropriate size equipment to meet job requirements and minimize damage to soils and streams.
Equipment and attachments include:

•	 Skid-steer loaders (modified for kudzu removal)

•	 Four-wheel drive tractors with brush mower, mulcher, harrow, seeder, seed drill, and tree planting attachments

•	 Mulchers (masticators)

•	 Bulldozers with sheer blade, root rake, ripper, harrow, combination plow, tree planter, fire plow, and grubber 
attachments

Timely followup with other control methods is essential, because disturbance of the soil creates favorable conditions 
for regrowth from seeds and root fragments. Mechanical removal with larger equipment may not be appropriate in 
natural areas unless the situation for restoration is critical because of special habitat and restoration plan requirements. 
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wider spaced pronged forks.

Skidloader uprooting kudzu 
vines for removal.

Invasive shrub being pulled by 
a small tractor.

Four-wheel-drive tractor with a 
boomless sprayer.
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Skid-Steer Loaders

Paul David Blakely of the Coalition to Control Kudzu without Chemicals, a nonprofit 
volunteer organization in Spartanburg, SC, has developed attachments and tech-
niques that equip skid-steer loaders for kudzu removal (http://kokudzu.com/SkidSteer-
Loader.html). Tracks attached to the tires of the loader help traction and access to 
difficult terrain. Additional and wider spaced pronged forks added to the skid loader 
are inserted beneath the mat of vines, lifted up, and tilted back to pull vines and even 
kudzu root crowns for removal. Forward motion of the machine can roll the mass of 
vines into a pile. Other attachments and techniques have been developed by Blakely 
and the coalition for a range of conditions and treatment objectives. Skid loaders 
are easily transported, highly maneuverable, and capable of lift and tilt, which gives 
this machine, if equipped with appropriate attachments, potential for other invasive 
plant removal tasks in dense infestations.

Four-Wheel Drive Tractors

For decades, right-of-way and forestry managers have used specially equipped four-
wheel drive tractors to apply an array of vegetation management treatments. The 
advantages of a tractor (over heavier machinery) include good traction for pulling 
implements in steep terrain and moderately wet soils, versatility of power takeoff 
(rear power shaft) to drive implements, convenient transportability, and low operation 
costs. A tractor must have a substantial cab guard to prevent penetration of stray 
tree limbs into the operator’s cab area and keep the operator safe in the event of 
rollover and other accidents. 

Depending on its size and configuration, a tractor can have a wide range of imple-
ments. A tractor can pull mowers and push mulcher attachments that reduce the 
height of herbaceous and woody invasive plants, prevent seed production, open up 
access for herbicide applicators, and otherwise prepare sites for further treatment. 
Tractors can pull plows and harrows that prepare soil, and seeders, seed drills, and 
fertilizer spreaders that can establish and promote growth of desirable plants. It 
can pull planting machinery for reforestation to plant pine and hardwood seedlings, 
and possibly native grass plugs. Tractors are often used to mount or pull herbicide 
sprayers. With this versatility the four-wheel-drive tractor is gaining favor as one of 
the most valuable pieces of machinery for integrated treatments aimed at restoration.
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Mulching machine 
with vertical shaft and 
pivoting flail-type cutters.

Mulching machine 
with horizontal shaft 
and rigid cutting 
teeth.

Boom-mounted mulcher 
head.
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Mulchers and Mulching Attachments

Mulchers and mulching tractor attachments are increasingly preferred for reducing both 
standing invasive and native woody plants in dense infestations. Mulching machines are 
best for nonselective situations where the cost of selective control is prohibitive. Mulching 
machines are land clearing tools that can cut through dense stands of nonnative plants, 
reducing them to small pieces of woody debris. A one-operator machine can frequently 
cover 2 to 4 acres a day depending upon the terrain, vegetation type, and job require-
ments. Mulchers are designed as a single machine, while mulching attachments can 
be mounted on many types of equipment, tracked or wheeled, and even on the end of 
an articulated swing boom. The boom mount results in less trafficking damage to the 
soil because front-mounted mulchers must travel back and forth across the treatment 
area. The two basic types of mulching designs are vertical shaft and horizontal shaft. 
Either type can be equipped with pivoting flail-type cutters or rigidly mounted cutting 
teeth. Cutter types vary in the size of their shredded output, with smaller and faster 
rotating teeth producing the smallest size. 

After a mulched area has dried and regrowth occurs, prescribed burning can be used to reduce the surface mass, 
while herbicides can be more efficiently applied to the resprouts. Klepac and others (2007) reported on a trial of 
mulching dense Chinese privet followed by Garlon 3A herbicide applications to the stumps. Subsequent applications 
of foliar sprays to resprouts were required because stumps were often hid-
den by debris, with a total cost of $737 per acre. Mulching is currently a fairly 
expensive operation, but costs should decrease as the number of competing 
contractors increases. 

Bulldozers

Bulldozers (or tracked tractors) are made in a range of sizes, and the larger 
ones have played roles in forestry operations for decades. Highly developed 
bulldozer attachments equip them for residual tree sheering and piling after 
timber harvest, soil preparation, tree planting, and fire line plowing. These same 
operations have found use in large-scale invasive plant reclamation projects 
tackling extensive woody infestation, although smaller tractors and implements 
are used. The amount of soil disturbance and compaction is considerable with 
bulldozers, varying by equipment size, soil moisture, number of passes, stand 
density, and tree/shrub size, but often less than with wheeled tractors. The 
ground pressure of tracks is less than with wheeled equipment.



Bedding plow with 
compacting roller 
used to raise the soil 
in a planting row.

Tree planter attachment.

Wildland off-set disks. Combination plow with a 
ripper shank in the center, 
a wing plow behind, and 
four disk harrows.

Ripper shank on 
bulldozer in the up 
position.

Rootrake on a 
bulldozer.

Sheer blade on a 
bulldozer.

Brush rake attachment 
for a bulldozer.
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Attachments for bulldozers are described below: 

•	 Sheer blades are usually mounted at an angle to forward travel with 
a lower jutting serrated dozer blade that fells trees when pushed 
against them. 

•	 Brush rakes and root rakes are blades with extending lower teeth 
that dislodge surface roots and stumps of smaller trees. Brush rakes 
have been used in restoration to clear dense large privet stands in 
preparation for other treatments before native tree and grass planting.

•	 Rippers are thick steel shanks mounted on the sides of bulldozers 
to penetrate and loosen the soil and subsoil with forward motion 
along an intended tree planting row. This treatment is done before 
tree planting to facilitate root penetration and growth where there 
are plowpans or hardpans in the soil. However, the benefits for pine 
establishment in the South have been reported to be minimal, except 
on particularly rocky soils.

•	 Disk harrows are gangs of disks often pulled in tandem across a 
harvested or cleared site to loosen surface soils and incorporate 
organic debris for more rapid decomposition and to facilitate planting.

•	 Combination plows are pulled behind the tractor and can have a 
ripping shank, colter, wing plow, and/or offset disk harrows on the 
same implement depending upon the soil conditions. Soils are both 
loosened and piled within an intended tree or shrub planting row to 
benefit early survival and growth. 

•	 Bedding plows are most useful in seasonally wet 
coastal sites for raising tree planting rows to prevent 
water logging and to concentrate scarce soil nutrients.

•	 Tree planters are pulled behind a tracked or wheeled 
tractor with implements that form a planting slit and then 
close it after the operator riding in the planter inserts a 
tree seedling or seedling plug. Native plant seedlings can 
potentially be planted with this machine for restoration.

•	 Fire plows are pulled behind a tracked or wheeled 
tractor that clears and parts surface soils in a wide 
path (several feet across) to a depth of about 6 inches. This fire 
line of bare soil can be used to set a backfire in preparation for 
prescribed burning or stopping wildfires.

•	 Grubbers are sharp, U-shaped blades mounted on the front of 
crawler tractors, wheel loaders, excavators, or farm tractors to uproot 
individual trees or large shrubs. Other units clamp onto the tree and 
pull the tree from the soil. The size and type of tractor depends on the 
size of trees to be grubbed and the terrain. Units are commercially 
available, but many are fabricated in welding shops. Farm tractors 
with small, three-point hitch grubbers are popular for use on limited 
acreages of previously cleared areas. Grubbing is not practical in 
rocky soil or when tree densities are greater than 250 per acre 
over extensive acreages. With care, selectivity is afforded with this 
method, while soil disturbance is great. 

If not planned and enacted with care, mechanical root raking and disking can intensify and spread infestations of invasive 
plants that have runners by chopping the runners into resprouting segments. All mechanical equipment used in treating 
invasive plant infestation can transport seeds, roots, rhizomes, and spores to other sites. Equipment inspection and 
cleaning is essential to stop subsequent invasive plant spread. 



Privet, fire girdled. Privet respouts after 
burn.

Chinese privet 
sprouts along root.

Ja
ne

 H
ar

gr
ea

ve
s

C
hu

ck
 B

ar
ge

ro
n

Cogongrass rhizomes have 
been spread by fireplows.

Japanese climbing fern 
burns into tree and shrub 
tops by fuel ladders.
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Cultural Methods

Several cultural practices, including prescribed burning and water-level manipulation, can reduce or control nonnative 
invasive plant populations. However, such practices also may have undesirable impacts to soils, animal habitat, and 
native species, so care in planning and enactment must be exercised. 

Prescribed Burning

Fire has played a critical and natural role in the development and maintenance of grasslands, forests, and wetlands 
throughout history. Prescribed burning is the deliberate use of fire under specified and controlled conditions to achieve 
a resource management goal. Most States train burn specialists through a certified prescribed burn managers program 
and require that those who contract burning have certification for providing liability protection. Like other invasive treat-
ments, prescribed burning requires special skills and experience, including smoke management, for effective and safe 
implementation. A prescribed burning plan must include clearly stated objectives, the ignition approach, equipment and 
manpower needs, and mitigation measures. Additionally, a permit is required from State or local agencies before burning. 
Prescribed burning for invasive plant management has advantages and disadvantages.

Advantages of prescribed burning for 
invasive plant control—
1.	 Per acre, prescribed burning is one of the 
most inexpensive treatments.
2.	 Top growth of herbaceous invasive plants 
can be consumed and small woody plants can 
be fire girdled, resulting in resprouts of lower 
heights. Resprouts of trees, shrubs, and vines 
then can be more easily treated with herbicide 
foliar sprays.
3.	 Some seeds of invasive plants can be 
consumed in the burn.
4.	 Prescribed burns improve access to the 
treatment site and expose hazards, such as 
stumps, sinkholes, old wells, and pits that might otherwise hinder or endanger further operations.
5.	 Prescribed burns can clear thatch and shrubs for more effective herbicide applications.

Disadvantages of prescribed burning for invasive plant control— 
1.	 Prescribed burning requires special skills and 
experience, investments in time for training and 
certification, and purchase of special equipment. 
2.	 Results are variable and can be unexpected when  
fire escapes.
3.	 Abundant resprouts and seedlings of invasives along 
with native regrowth can exacerbate conditions for 
subsequent treatments and jeopardize their success.
4.	 Prescribed burns can stimulate flowering and seeding 
of some invasive plants, such as cogongrass, and scarify 
seeds of others, such as lespedezas (Lespedeza spp.), 
to promote enhanced germination.
5.	 Some invasive plants can burn extremely hot and 
intense, with vines creating ladder fuels, placing fire 
crews in jeopardy, killing or injuring desirable plants, and 
increasing chances of fire escape.
6.	 Litter clearing and loss of stand components like shrubs 
can make the site more prone for reinvasion or invasion by other species.
7.	 Plowing fire lines can spread invasive plants and make soil susceptible to invasion and soil erosion.



Propane spot burners 
treating garlic mustard.

Igniting a strip-headfire with a  
drip torch.

Fire lines contain prescribed burns 
and are the base for backfires.
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Prescribed burn effectiveness—
The effectiveness of a prescribed burn 
depends on the intensity and timing 
relative to target plant size and devel-
opment. Fire intensity is determined 
by the amount of fuel and its arrange-
ment and dryness, along with weather, 
topography, and ignition source and 
pattern. Prescribed burns are usually 
ignited by drip torches, initially along 
plowed or disked fire lines to widen 
the fire break. Then the area is ignited 
as a ring-fire technique around the 
perimeter or as strip (or spot) headfires 
or backfires working with or against the 
wind direction. 

The most effective time for weakening 
woody invasive plants is burning in the 
late spring after plants have initiated 
growth using root reserves. Burning 
in late winter or spring leaf-out can 
minimize the period of bare soil, while 
summer burns are the hottest and can 
maximize consumption of standing 
plants. Burning can predispose a for-
est stand or opening to invasion, even 
though prescribed burning increasingly 
is favored for native plant and longleaf  
pine ecosystem restoration as well as 
fuel reduction. A close evaluation of the 
benefits and risks is demanded before 
applying prescribed burning. 

Flamers or Spot Burners

Fire from a propane spot burner can be used to kill individual or small groups of invasive 
plants. Commercial kits are available for attaching propane cylinders to a backpack 
frame and fitting the cylinder with a flame nozzle. Additionally, tractor mounted units have 
also been developed. When plant and wet fuel conditions permit, the flame is directed 
at herbaceous and woody invasives. This operation can be convenient since it can be 
performed in wet conditions and when fuels are low. Best results are obtained under 
windless conditions as winds can prevent the heat from reaching the target weeds. For 
further details, refer to the The Nature Conservancy’s “Weed Control Methods Hand-
book” appendix at http://www.invasive.org/gist/products/handbook/23.Spotburn.pdf.



Agasicles hygrophila adults and 
larvae devour leaves and upper 
portions of stems
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Horses grazing cogongrass.

Alligatorweed herbicide 
sprayed after lake level 
lowered.
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Water-Level Manipulation
In areas where water level can be manipulated, flooding or drawdowns can reduce invasive 
plant species in aquatic and wetland habitats but is usually not effective as a stand-alone 
treatment. This method is species and site specific. For effective outcomes, managers 
must first understand the biology of both invasive and native plants in the treatment area. 
Water-level manipulation works by either lowering water levels to kill invasive plants that 
cannot tolerate exposure to dry and hot conditions or raising water levels to kill invasive 
plants that cannot tolerate submergence or water-logged soils. However, both processes 
can spread floating seeds of invasives and make habitats more vulnerable to nonnative 
plant establishment. Lowered water levels in spring and summer can also facilitate her-
bicide applications in wetlands for controlling such plants as alligatorweed [Alternanthera 
philoxeroides (Mart.) Griseb.]. 

Biological Control Methods
Biological control, or biocontrol, of plants uses living organisms to weaken, kill, or stop seed 
production of a targeted invasive plant. The most common agents in biocontrol programs 
are insects and pathogens, and uses of nematodes and mites are under study.

Classical biocontrol involves finding agents in the home range or similar habitat of 
the invasive plant, followed by intensive research on feeding habits and reproduction, 
and a planned introduction of plant-specific agents into invaded areas. The goal is to 
identify predators that are host specific to the target invasives, i.e., they will not attack 
native plants, and will increase and spread in the new range to permanently suppress 
the invasive species. Classical biocontrol has an initially high public cost due to an 
often lengthy search for the right agent, extensive feeding tests in special quarantine 
facilities, coordinated releases, and long-term monitoring. There are specific require-
ments through a series of scheduled oversights by a Federal Government interagency 
committee requiring documented studies to strictly control biocontrol agent releases. 
Following release, nontarget damage is very rare but has occurred with the classic 
example of the musk thistle head weevil (Rhinocyllus conicus Frölich, 1792) attacking 
native thistles. In general, scientific evaluations of past releases have shown that the 
benefits from biocontrol over a region outweigh the detriments.

Classical biocontrol programs in the southern region are under development for tal-
lowtree [Triadica sebifera (L.) Roxb.], Chinese privet, and tropical soda apple (Solanum 
viarum Dunal), and in Florida for Old World climbing fern also known as small-leaf 
climbing fern [Lygodium microphyllum (Cav.) R. Br.]. Successful projects underway 
target purple loosestrife (Lythrum salicaria L.), melaleuca [Melaleuca quinquenervia 
(Cav.) S.F. Blake], and alligatorweed. 

Augmentative and inundative biocontrol identifies native insects, pathogens, nematodes, and 
mites that feed upon nonnative invasive plants in this country. When the appropriate agents 
are discovered and researched, there is an attempt to release large numbers of them into 
high infestation areas of the invasive plant. A program was under development for kudzu 
uses this method. This program and other prior efforts have used pathogens and have 
been formulated into sprays, often referred to as bioherbicides. The challenge has been to 
maintain the viability of the pathogen or spores during packaging, shipment, application, and 
residence on the target foliage. No solutions to these challenges have been found to date.

Prescribed Grazing 
Prescribed grazing is an approach that relies on cattle, sheep, goats, and horses to reduce 
infestations. Grazing is a potential control treatment when the invasive is palatable and the 
invasive plant is not poisonous to the animal. Cattle and horses are useful for many herba-
ceous invasive plants, while sheep and goats will feed on woody plants as well. Goats will 
defoliate and debark shrubs, saplings, and small trees to a higher level than sheep, even 
thorny vegetation. The animal species is important as is the breed, the best being those 
breeds that are larger and can handle difficult grazing and browsing conditions. 
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sprouts.

Black polyethylene sheet first removed 
from kudzu.

Prescribed grazing by 
cattle for kudzu control 
before planting pines.

Goats browse young 
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Care of the herd is critical, and must include regular inspections, treatment of 
injuries, vaccinations, and water supply. Both shock grazing and year-round grazing 
have been researched and used to limited degrees. Multiple years are required to 

achieve major invasive plant reductions and additional 
methods are required for restoration. Spring and early 
summer are critical times for goat and sheep control 
of invasive shrubs. The key to control is repeated 
heavy defoliation in spring and early summer without 
overgrazing grasses and legumes. Thus a rotation 
system works best. Using a mixture of goats, sheep, 
and cattle will provide the most effective clearing and 
subsequent plant kill, especially of multiflora rose 
(Rosa multiflora Thunb. ex Murr.) and autumn olive 
(Elaeagnus umbellata Thunb.). Goats are most useful 
for these woody species at 5 to 10 animals per acre 
during the first season, while fewer goats can be used after two or 
three seasons. All of these grazers and browsers have been used in 
kudzu control programs to varying degrees of success. 

Mulching and Solarization 
Mulching for weed control is the use of materials to cover the soil surface that block light, thereby 
preventing weed germination and growth. While mulches and landscape fabrics are commonly 
used in restoration operations for reseeding and soil stabilization, mulches for weed control 
must be applied at rates high enough to prevent light from reaching the soil surface. Mulching 
is most effective on controlling small seeded species and is marginally effective on established 
resprouting perennials. There are many types of mulches including natural ones such as straw, 
bark, sawdust, crop residues, and grass clippings, and artificial ones such as paper, cardboard, 
and plastic. While mulch applications are not commonly made to control invasives on a large 
scale, they are still useful. For example, the use of a mulching machine for clearing privet and 
tallowtree can create a heavy mulch layer that will suppress subsequent seedling 
recruitment. Another effective use of mulch, especially to suppress dense ground 
covers, combines cardboard and organic mulch. The cardboard covers and over-
laps edges of the treatment area, and is then covered with organic mulch. Small 
drain holes in the cardboard prevent water from pooling. Left to compost in place, 
the cardboard will suppress vegetation underneath.

Soil solarization uses polyethylene sheeting to cover low growing, cultivated, 
mowed, or chopped invasive infestations and trap solar energy to heat the soil 
and space under the sheeting to kill and suppress invasive plants. At least 2 years 
of summer cover are needed to suppress most invasives plants by 90 percent. 
Other plants are killed by this method—it is not selective. Black sheeting is more 
effective than clear sheeting because it blocks needed sunlight, and, at an extra 
cost, is available with UV blockers to greatly extend the useful life of sheets to 
more than one growing season. Sheeting costs range from $1,500 to $3,500 per 
acre, while the labor costs of installation have not been reported. Sheets can 
be held in place with soil mounds and squares of old carpet. A detriment is the 
mosquitoes that breed in rainwater puddles that form on sheets. The method is 
useful as a first treatment for relatively small areas and where herbicides cannot 
be used. Summer is the most effective season, and use on wet soils increases 
control. After removal, the bare soil is open for reinvasion unless desirable re-
vegetation is gained.



Containerized native plants for 
restoration plantings.

Loblolly pine plantation in sixth grow-
ing season established in a 10-year- 
old cogongrass infestation after a 
herbicide suppression treatment.
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Rehabilitation, Restoration, and Reclamation 

The promotion and establishment of desirable vegetation during the latter phases 
of control and eradication treatments is one of the most important phases of an 
integrated invasive plant management program. The severity of infestation, site 
degradation, and desired future outcome determine whether a rehabilitation, 
restoration, or more stringent reclamation effort is required. 

Rehabilitation is used when soil, stream, and wetland damage is minimal and 
native plants are present or will enter from surrounding areas for reestablishment. 
Native tree species that grow fast, e.g., genetically improved loblolly pine seed-
lings, can be planted to suppress invasive plant regrowth. Restoration is a much 
more involved process of using soil and streambank stabilization methods with 
planting and seeding of desirable species to create a planned stable landscape. 
Reclamation is used on surface-mined lands, large road construction projects, 
and other severely altered sites to reshape landform, replace surface soils, and 
plant or seed rapidly growing plants often using mulches and fertilizers. Invasive 
plants have been most often planted on reclamation sites and now warrant control 
efforts. Native or noninvasive plants are recommended substitutes now available 
for reclamation operations. 

The goal of all three approaches is the establishment and/or release of fast-
growing native plants that can outcompete and outlast any surviving nonnative 
plants while stabilizing and protecting the soil and water features. At times, non-
native plants must be used to suppress invasives, then controlled, to facilitate 
native plant establishment. 

If the soil seed bank remains intact, native plant communities will naturally re-
initiate succession during eradication of nonnative plants. Light-seeded native 
species are usually present in the seed bank while heavier seeded plants will gradually be 
deposited on a site by birds and other animals. Select herbicides and other treatments such 
as mowing and prescribed burning can play roles in continued suppression of invasives 
while promoting native or noninvasive plants.

Herbicide Use in Restoration of Native Grasses

Matt Nespeca, Executive Director of the Conservation Land Company in Charleston, 
SC, notes that, in the restoration of native grasses, herbicides can increase survival and 
growth of desirable native grasses and forbs, while reducing cover of invasive plants. It 
is important to know what plants a herbicide can control on a site, but it is even more 
important to understand what plants a herbicide will not control. On a restoration site, the 
idea of herbicide application selectivity (or the susceptibility or tolerance of a plant to a 
herbicide application) can be attained through herbicide spectrum, herbicide placement, 
or herbicide timing. Over the past several years, these methods have been used on native 
grass restoration projects throughout South Carolina, including Mepkin Abbey, McAlhaney 
Preserve, and Rock Hill Black Jack Heritage Preserve.

In some native grass restoration projects, a manager can rely on herbicide spectrum to provide selectivity. When 
bahiagrass is outcompeting an established stand of native big bluestem (Andropogon gerardii Vitman) and little blue-
stem [Schizachyrium scoparium (Michx.) Nash], a manager can use a broadcast herbicide treatment of Escort XP 
Herbicide (metsulfuron) to reduce the bahiagrass competition and release the native grasses. If the same established 
stand of big bluestem and little bluestem is infested by Johnsongrass, Plateau Herbicide (imazapic) provides selective 
control of Johnsongrass but is safe for the native grasses. A more obvious method of utilizing a herbicide spectrum in 
native grass restoration is with broadleaf-specific products, such as Garlon 4 Ultra (triclopyr), which control broadleaf 
species while releasing grasses. 



The Muddy Creek Restoration Project eradicates 
privets, tallowtree, and cogongrass with establish-
ment of native plants.

Grass seed harvester on an ATV.

Grass seed harvester head.
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Herbicide placement, as it relates to native grass restoration, can be accomplished through directed foliar applications 
to undesirable plants while avoiding contact with desirable plants. For example, Roundup Pro (glyphosate) will control 
many grasses during the growing season, but a skilled applicator can still treat patches of Bermudagrass in a restoration 
area while avoiding contact with desirable nearby grasses.

Herbicide timing can be effective in controlling cool-season grasses with nonselective herbicides, such as Roundup Pro 
when warm-season grasses are in dormancy. Herbicide timing is also effective for midwinter applications when nonna-
tive evergreen shrubs such as Chinese privet are invading highly diverse grassland habitats where safety for existing 
forbs and grasses is essential. 

In recent years, native plant seed and seedlings have become increasingly 
available for sowing and planting, even though there is a limited number of 
species and well-developed establishment procedures. A number of indi-
viduals, agencies, and companies are collecting native seed to establish 
seed production areas. The Nature Conservancy is working in partnership 
with Roundstone Native Seed, LLC, to begin production and sale of cleaned 
seeds of local origin for restoration, reclamation, and wildlife habitats. A Web 
site by the Lady Bird Johnson Wildflower Center of the University of Texas at 
Austin includes a National Suppliers Directory of nearby native seed and plant 
sources: http://www.wildflower.org/suppliers/show.php?id=683. 

Special seed collection equipment is available for prairie mixtures and grasses. 
Seedling native plants can be also collected and transplanted from suitable 
field sites. Native plant seeds will require proper treatments to assure timely 
germination. Their establishment will be more challenging than the commonly 
available nonnative plants so often used for soil stabilization and wildlife food 
plots (see “Six Basic Elements for Successful Native Grass and Forb Establish-
ment,” by Randy Seymour, John Seymour, and Chris Blackford, Roundstone 
Native Seed, www.roundstoneseed.com). Listed in the appendix are “Nonnative 
Invasive Plant Species Not to be Used or Recommended for Wildlife Food Plots 
nor Bird and Butterfly Viewing Gardens” and “Low-Growing Native Plants with 
Potential for Southern Right-of-Way Stabilization and Beautification.” Use of 
native plants for wildlife food plots and right-of-way stabilization is long overdue. 

Often fast-growing native tree and shrub species should be established during 
the latter control phase to hinder reestablishment of shade-intolerant nonna-
tive invasive plants. Tree nurseries operated by State forestry agencies are a 
good source of many species of native trees and shrubs, while 
other commercial sources are scattered throughout the region. 

Constant surveillance, maintaining forest vigor with minimal 
disturbance, treatment of new unwanted arrivals, and finally, 
promotion or establishment of plants during eradication is critical 
for managing invasions. 





Management Strategies and  
Herbicide Prescriptions for Invasive Plants

The following are management strategies and herbicide prescription summaries for prevalent invasive plants, detailing 

mainly selective application treatments. These management strategies and prescriptions have been assembled from 

published research results, unpublished trials, State reports, weed council manuals, magazines, and Web sites. In 

general, few species-specific experiments have been reported that compare a full array of treatments for invasive plant 

species. But until further specific understanding is gained, we must proceed with current knowledge and technology 

to manage their invasions. Herbicides are mentioned in order by effectiveness when comparative information 

is available or alphabetically when such information is lacking. Remember to not exceed the label-specified 

maximum herbicide amounts per acre, especially when using selective application treatments.
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Invasive Trees

Invasive tree species hinder reforestation and management of rights-of-way and natural areas as well as dramatically alter 
habitats. Some species occur initially as scattered trees and eventually form dense stands if not controlled. Most spread by 
prolific seed production and abundant root sprouts. Depending on conditions, they can be eliminated with herbicides by stem 
injection, cut-treat, soil spots, basal sprays, and foliar sprays. Following stem control, total elimination requires surveillance and 
treatment of root sprouts and plant germinants that originate from the soil seed bank. 

Brazilian Peppertree

Brazilian peppertree (Schinus terebinthifolius Raddi) is an evergreen shrub or small tree to 40 feet (12 m) in height that often 
grows in dense infestations and has many short trunks or arching stems of contorted branches. Drooping, odd-pinnately com-
pound leaves smell of turpentine when crushed. Many multibranched clusters of small whitish flowers appear in summer and 
fall that yield abundant clusters of spherical red pepper-smelling fruit in winter (only on female plants). Seed is produced as early 
as 3 years. Germination mainly occurs November to April, with seed viability ranging from 30 to 60 percent. Seedling mortality 
is mostly due to drought.

Seed is spread mainly by birds, but also by ground animals, gravity, and water. Seedlings can establish in shade, but open 
disturbed areas are most susceptible to invasion. Infestations intensify by many root sprouts that yield entangled stems and 
branches with abundant foliage having allelopathic chemicals. Burning is intense due to chemicals in the foliage, and can de-
stroy seeds as well as result in basal and root sprouts that can outgrow native species. The species range is presently limited 
to Florida and extreme south Texas, but with warming trends, spread northward is projected.

Management strategies:
	 Cut when seeds are not present and avoid contacting the inter-bark since a rash can result. Seeds appear only on female plants.
	 Minimize disturbance in areas where this plant occurs.
	 Treat when new plants are young to prevent seed formation.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Mechanical and burning treatments should be used with care and extra caution when done in conjunction with herbicide treatments.
	 Treatment combinations should be used that are appropriate for dense thickets with limited access. Access trails may need 

to be cut.

Recommended control procedures:*
Trees. For stems too tall for foliar sprays, cut large stems and immediately treat the stump tops with Garlon 3A or a glyphosate 
herbicide as a 25- to 50-percent solution (3 to 6 quarts per 3-gallon mix), Garlon 4 as a 12-percent solution (3 pints per 3-gal-
lon mix), or Stalker** as a 12-percent solution (3 pints per 3-gallon mix) when not fruiting. ORTHO Brush-B-Gon and Enforcer 
Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). For 
treatment of extensive infestations in forest situations, apply Velpar L** or Hyvar X-L** to the soil surface within 3 feet of the 
stem (one mL squirt per 1-inch stem diameter) or in a grid pattern at spacings and dilutions specified on the herbicide labels.
Saplings. Apply a basal spray of Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled basal oil product, 
vegetable oil or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted); or apply undiluted Pathfinder II in the fall 
when saplings are flowering.
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant: a glyphosate 
herbicide or Garlon 3A as a 2- to 3-percent solution (8 to 12 ounces per 3-gallon mix) or Arsenal AC** as a 0.5-percent solution 
(2 ounces per 3-gallon mix); and in wet pastures and aquatic sites, Habitat** as a 0.5- to 1-percent solution (2 to 4 ounces per 
3-gallon mix) or Clearcast* as a 2-percent solution (8 ounces per 3-gallon mix).
 

* For more informtion refer to http://edis.ifas.ufl.edu/wg209. 
** Nontarget plants may be killed or injured by root uptake.
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Callery Pear, Bradford Pear

Callery pear or Bradford pear (Pyrus calleryana Decne.) is a widely planted deciduous tree to 60 feet (18 m) in height 
and with boles to 2 feet (0.6 m) in diameter. Major branches fork from trunk at narrow angles, and often split at the 
juncture after wind and ice storms. Leaves are ovate and long petioled, alternate, turn red in fall, and tufted on stubby 
thorned or nonthorned branchlets. Abundant small pears are typically present in fall and winter and are spread by 
birds and possibly other animals. Seed viability varies by location, and several commercial sterile varieties can cross-
pollinate with certain other pear species in close proximity to produce fertile hybrids. Thickets and dense stands are 
formed by root sprouts. This species can tolerate partial shade and a variety of soils. Fruiting starts at 3 years.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present.
	 Manual pulling and tree wrenching is hindered by thorny branches and eye protection should be used.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.
	 Treatment combinations should be used that are appropriate for dense thickets with limited access. Access trails may 

need to be cut.

Recommended control procedures:*
Trees. For stems too tall for foliar sprays, cut large stems and immediately treat the stump tops with Garlon 3A or a 
glyphosate herbicide as a 25- to 50-percent solution (2 to 6 quarts per 3-gallon mix). ORTHO Brush-B-Gon and Enforcer 
Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). 
Make stem injections using undiluted Garlon 3A during June through September in cut-spacings as specified on the 
herbicide label.  A subsequent foliar application may be required to control new seedlings and resprouts.
Saplings. Apply Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil 
or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted); or apply undiluted Pathfinder II to young bark 
as a basal spray. Basal spray applications can be made year-round.
Seedlings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant: a glyphosate herbicide 
or Garlon 3A as a 2-percent solution (8 ounces per 3-gallon mix), Arsenal AC** as a 0.25-percent solution (1 ounce per 
3-gallon mix), or Arsenal PowerLine** as a 0.5-percent solution (2 ounces per 3-gallon mix).
 

* For more information refer to http://niipp.net/files/niipp/files/2011/01/Callery%20pear%20homeowners%20fact%20sheet%20FINAL.pdf. 
** Nontarget plants may be killed or injured by root uptake.
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Camphortree

Camphortree [Cinnamomum camphora (L.) J. Presl] is an evergreen tree 60 to 100 feet (18 to 30 m) in height, with 
boles up to 2 feet (0.6 m) in diameter and a round spreading crown formed by large branches radiating from midtree. 
Leaves are glossy, lanceolate, alternate at twig tips, and have a camphor odor when crushed, cut, or bruised. Twigs 
are slender, green-to-reddish brown. Abundant clusters of spherical, black drupes are present in fall to winter, and are 
spread by animals, water, and gravity. Colonizes by root sprouts and is found in dense thickets.

Management strategies:
	 Do not plant. Remove prior plantings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are useful for seedling and sapling topkill when leaflitter is present, and fires can be hot.

Recommended control procedures:
Large trees . Make stem injections using undiluted Garlon 3A (June through September) or Vanquish* as a 75-percent 
solution (9 quarts per 3-gallon mix) with water (June through November) in cut-spacings specified on the herbicide 
label. For stems too tall for foliar sprays, cut large stems and immediately treat the stump tops with Garlon 3A as a 
30-percent solution (7 pints per 3-gallon mix) or Garlon 4 as a 25-percent solution (3 quarts per 3-gallon mix), and 
add a penetrant for more effective control. ORTHO Brush-B-Gon and Enforcer Brush Killer are effective undiluted for 
treating cut-stumps and available in retail garden stores (safe to surrounding plants). 
Saplings. Apply a basal spray for trees up to 4 inches in diameter using Garlon 4 as a 30-percent solution (7 pints 
per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel fuel 
(where permitted).
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant: 
a glyphosate herbicide, Garlon 3A, Garlon 4, or Clearcast* for wetlands and aquatic sites, as 2-percent solutions  
(8 ounces per 3-gallon mix). Repeated mowing of seedlings will reduce vigor and ultimately provide control.
 

* Nontarget plants may be killed or injured by root uptake.  
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Chinaberrytree

Chinaberrytree (Melia azedarach L.) is a traditional widely escaped ornamental that is deciduous, growing to about 50 
feet (15 m) tall. It has lacy, many divided leaves that are dark green, turning yellow in fall. Showy panicles of tiny blue 
flowers in spring yield abundant round yellow pulpy fruit that persist during winter (poisonous when ingested). Stump 
sprouts, root sprouts, and seedlings will eventually emerge after main stems are killed. Viable seed can be produced by 
4- and 5-year-old plants. Species spreads by abundant bird-dispersed seeds.

Management strategies:
	 Remove old ornamental plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat the abundant seedlings after parent tree is killed.
	 Rapid growth requires foliar sprays in the first year.
	 Cut and bulldoze when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Trees. Using dilutions and cut-spacings specified on the herbicide label (anytime except March and April) make stem 
injections using Arsenal AC* or Pathway*, or when safety to surrounding vegetation is desired, Garlon 3A. For felled trees, 
apply these herbicides or Method 240SL as a 10-percent solution (2 pints per 3-gallon mix) to stump tops immediately 
after cutting. Also, ORTHO Brush-B-Gon and Enforcer Brush Killer are effective undiluted for treating cut-stumps and 
available in retail garden stores (safe to surrounding plants). 
Saplings. Apply a basal spray of Garlon 4 as a 10- to 20-percent solution (2 to 5 pints per 3-gallon mix) or Stalker* as 
a 3-percent solution (12 ounces per 3-gallon mix) plus Garlon 4 as a 15-percent solution (3.5 pints per 3-gallon mix) or 
Method 240SL as a 10-percent solution (2 pints per 3-gallon mix) mixed in a labeled basal oil product with a penetrant. 
Sprouts and seedlings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant (July to 
October): Garlon 3A or Garlon 4 as a 2-percent solution (8 ounces per 3-gallon mix) when safety to surrounding plants 
is desired; or Arsenal AC* as a 0.5-percent solution (2 ounces per 3-gallon mix), or Arsenal PowerLine* as a 1-percent 
solution (4 ounces per 3-gallon mix), or Method 240SL (12 fluid ounces per 100-gallon mix).  
 

* Nontarget plants may be killed or injured by root uptake.
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Chinese Parasoltree

Chinese parasoltree [Firmiana simplex (L.) W. Wight] is an increasingly planted ornamental deciduous upright tree that 
grows up to 50 feet (16 m) in height. It has smooth, striped trunks to 2 feet (60 cm) in diameter with stout alternate branches. 
Leaves can be over 1 foot (30 cm) across, dark green above and fuzzy white beneath, and mostly three-to-five lobed 
with petioles almost as long as the leaf. Terminal large showy clusters of tan and yellow flowers appear in midsummer to 
quickly yield unusual pods that split into four leaflike sections (little boats) joined at the apex with several pea-sized fruit 
attached along the upper margins. Round oily seeds can germinate immediately after fully formed in winter in semitropical 
parts of Florida and the Gulf Coastal Plain or in the spring further north. Leaves turn yellow in fall, and multibranched 
showy fruit stalks remain over winter into early summer. An extremely rapid growing species with variegated cultivars 
advertised and sold for “instant shade.” Abundant seeds per tree are highly viable and spread by wind and water to form 
surrounding infestations. Seedlings will persist in shade, growing rapidly tall to reach sunlight, while saplings and trees 
require partial to full sunlight. Many surface roots can lift sidewalks in urban plantings and sprout after tree kill. Capable 
of spread throughout the region. 

Management strategies:
	 Do not plant. Advise nurseries not to sell. Remove prior plantings. Bag and dispose of fruit in a dumpster or burn, and 

control seedlings.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present in spring and early summer.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are useful for seedling and sapling topkill when leaflitter is present and fires can be hot.

Recommended control procedures:
Large trees. Make stem injections using a glyphosate herbicide or Garlon 3 A in dilutions and cut-spacings specified 
on the herbicide label. For stems too tall for foliar sprays, cut large stems and immediately treat the stump tops with 
a glyphosate herbicide or Garlon 3A as a 30-percent solution (7 pints per 3-gallon mix) or Garlon 4 as a 25-percent 
solution (3 quarts per 3-gallon mix), and add a penetrant for more effective control. ORTHO Brush-B-Gon and 
Enforcer Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to 
surrounding plants). 
Saplings. Apply a basal spray for trees up to 4 inches in diameter, using Garlon 4 as a 30-percent solution (7 pints 
per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel fuel 
(where permitted).
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant: 
a glyphosate herbicide as a 4-percent solution (1 pint per 3-gallon mix) whenever green foliage is present and when 
safety to surrounding plants is desired; or Arsenal AC* as a 0.5-percent solution (2 ounces per 3-gallon mix), or 
Arsenal PowerLine* as a 1-percent solution (4 ounces per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake. 
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Glossy Buckthorn

Glossy buckthorn (Frangula alnus Mill.) is a deciduous shrub or small tree that grows 6 to 24 feet (3 to 12 m) in height. 
It has many sprouts from the base, thornless stems up to 10 inches (25 cm) in diameter with glossy bark (thus the com-
mon name), and an oval, much-branched crown with many sprouts. Leaves appear early in spring and linger green 
into fall; leaves are dark glossy green and alternate with distinct parallel veins. Stemmed clusters of tiny, white trumpet 
flowers appear in summer and yield spherical, green berrylike fruit that turn red then black in the fall. Fruit consumed 
and spread by birds and mammals. Invades forest edges and understories and can form pure stands because seedlings 
can establish in shade. Resembles the native Carolina buckthorn [F.  caroliniana (Walt.) Gray] that has finely serrated 
leaf margins and leaves that are three times as long as wide.

Management strategies:
	 Bag and dispose of fruit in a dumpster or burn.
	 Treatment combinations must be planned and enacted that safeguard adjoining shrubs and overstory trees.
	 Treat when new plants are young to prevent seed formation.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Prescribed burning has limited application in most situations and can worsen infestations.

Recommended control procedures:
	 When safety to surrounding vegetation is desired, thoroughly wet all leaves with a glyphosate herbicide or Garlon 3A 

as a 2- to 3-percent solution (8 to 12 ounces per 3-gallon mix) in water with a surfactant. Or if nontarget damage is 
not a concern, apply Arsenal AC* as a 0.25-percent solution (1 ounce per 3-gallon mix) or Arsenal PowerLine* as a 
0.5-percent solution (2 ounces per 3-gallon mix). Apply July to October.

	 For stems too tall for foliar sprays, cut large stems in winter at any time when the ground is not frozen and immediately 
treat the stump tops with one of the following herbicides: a glyphosate herbicide or Garlon 3A as a 25-percent solution 
(3 quarts per 3-gallon mix) or Garlon 3A as a 50-percent solution (6 quarts per 3-gallon mix) in water with a surfactant. 
Or when safety to surrounding plants is not a concern, Tordon RTU*. Roundup Pro, ORTHO Brush-B-Gon and Enforcer 
Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding 
plants). A subsequent foliar application may be required to control new seedlings and resprouts.

	 For trees up to 4 inches in diameter, apply a basal spray of Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) 
in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, fuel oil or diesel fuel (where permitted).

 

* Nontarget plants may be killed or injured by root uptake. 
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Paper Mulberry

Paper mulberry [Broussonetia papifera (L.) L’Hér. ex Vent.] is a traditional ornamental deciduous large shrub or tree 
with a round crown to 50 feet (15 m) in height and boles to 2 feet (0.6 m) in diameter, often appearing as shrub-forming 
thickets from root sprouts. Broad oval leaves that can be deeply lobed on rapidly growing stems are softly hairy on the 
lower surface (compared to the rough texture of other mulberry species) and scruffy above. Forms dense stands in fence 
rows, disturbed sites, and forest edges with shallow roots, and is prone to windthrow. Viable seed are rarely produced.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts. Bag and dispose of fruit in a dumpster or burn.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.
	 Treatment combinations should be used that are appropriate for dense thickets with limited access. Access trails may 

need to be cut.

Recommended control procedures:
Large trees. Make stem injections at cut-spacing specified on the herbicide label using Garlon 3 A as a 10-percent 
solution (1 quart per 3-gallon mix) in water or a 15-percent solution (58 ounces per 3-gallon mix) for larger trees, or 
cut large stems and immediately treat the stump tops with Garlon 3A as a 30-percent solution (7 pints per 3-gallon 
mix) in water with a surfactant. ORTHO Brush-B-Gon and Enforcer Brush Killer are effective undiluted for treating cut-
stumps and available in retail garden stores (safe to surrounding plants). 
Saplings. Apply basal sprays of Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) or when nontarget dam-
age is not a concern, Stalker* as a 3-percent solution (12 ounces per 3-gallon mix) plus Garlon 4 as a 15-percent 
solution (3 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel 
oil or diesel fuel (where permitted).
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant 
on young trees less than 10 feet tall (July to October): when safety to surrounding vegetation is desired, use Garlon 
3A as a 2-percent solution (8 ounces per 3-gallon mix), Garlon 4 as a 0.5- to 2-percent solution (2 to 8 ounces per 
3-gallon mix), or a glyphosate herbicide as a 3-percent solution (12 ounces per 3-gallon mix). If nontarget damage 
is not a concern, use Arsenal AC* as a 0.25-percent solution (1 ounce per 3-gallon mix) or Arsenal PowerLine* as a 
0.5-percent solution (2 ounces per 3-gallon mix). 
 

* Nontarget plants may be killed or injured by root uptake. 
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Princesstree, Paulownia

Princesstree or paulownia [Paulownia tomentosa (Thunb.) Siebold & Zucc. ex Steud.] is a deciduous tree to 60 feet  
(18 m) tall with large heart-shaped leaves that are fuzzy hairy on both surfaces. Before leaves appear in spring, trees are 
covered with showy pale-violet flowers that yield persistent pecanlike capsules in clusters during fall and winter. Each 
capsule splits to release thousands of tiny winged seeds that are spread by wind, water, and gravity. Abundant flower 
buds are present on erect stalks over winter. Viable seed can be produced by 5- and 7-year-old plants. In the mountains, 
seed can be dispersed by wind up to 2 miles (3 km) away. Invades widely after fire, harvesting, and other disturbances. 
Forms colonies from prolific root sprouts. Still widely sold and planted as an “instant” shade tree as royal paulownia or 
royal empress.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of plants and capsules in 

a dumpster or burn.
	 Minimize disturbance within miles of where this plant occurs.
	 Treat when new plants are young to prevent seed formation.
	 Cut when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Large trees. Make stem injections using Arsenal AC* or when safety to surrounding vegetation is desired, Garlon 3 A or 
a glyphosate herbicide in dilutions and cut-spacings specified on the herbicide label (anytime except March and April). 
For felled trees, apply these herbicides to stump tops immediately after cutting. Also, ORTHO Brush-B-Gon and Enforcer 
Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). 
Saplings. Apply either a basal spray of Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled basal 
oil product or undiluted Pathfinder II when safety to surrounding vegetation is desired. Elsewhere, apply Stalker* as a 
6- to 9-percent solution (1.5 to 2 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil, kerosene, or diesel 
fuel (where permitted). 
Resprouts and seedlings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant (July 
to October): Arsenal AC* as a 0.75-percent solution (3 ounces per 3-galllon mix); Arsenal PowerLine* as a 1.5-percent 
solution (6 ounces per 3-gallon mix); or when safety to surrounding vegetation is desired, a glyphosate herbicide, Garlon 
3A, or Garlon 4 as a 2-percent solution (8 ounces per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake.
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Russian Olive

Russian olive (Elaeagnus angustifolia L.) is a small thorny deciduous tree to 35 feet (10 m) tall that has microscopic 
silvery scales covering leaves, twigs, and fruits. Leaves are long and narrow with entire margins. Bark is fissured and 
reddish brown. Olivelike fruit are yellow (seldom red), appear in late summer to fall, and are spread by birds and mam-
mals. Found as rare plants in city forests and emanating to nearby disturbed areas. Rare at present in the South while 
a widespread invasive tree elsewhere in the United States. Most often confused with the widely invasive autumn olive 
(E. umbellata Thunb.) that has silvery scaled leaves and twigs, red fruit that are only slightly scaly, and smooth bark.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Trees. Make stem injections using Arsenal AC* or Garlon 3A in dilutions and cut-spacings specified on the herbicide 
label (anytime except March and April). For felled trees, apply the herbicides or Method 240SL as a 5-percent solution 
(1 pint per 3-gallon mix) in a labeled basal oil product to stump tops immediately after cutting. ORTHO Brush-B-Gon 
and Enforcer Brush Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to 
surrounding plants). 
Saplings. When safety to surrounding vegetation is desired, apply a basal spray to young bark using either Garlon 4 
as a 20-percent solution (5 pints per 3-gallon mix) or Method 240SL as a 10-percent solution (2 pints per 3-gallon mix) 
in a labeled basal oil product; or undiluted Pathfinder II. Or when safety to surrounding vegetation is not a concern, 
apply Stalker* as a 6- to 9-percent solution (1.5 to 2 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil, 
kerosene, or diesel fuel (where permitted). 
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant (July 
to October): Arsenal AC* as a 0.75-percent solution in water (3 ounces per 3-gallon mix) or Arsenal PowerLine* as a 
1.5-percent solution (6 ounces per 3-gallon mix). Or when safety to surrounding vegetation is desired, use a glyphosate 
herbicide, Garlon 3A, or Garlon 4 as a 2-percent solution in water (8 ounces per 3-gallon mix). Use any of these three 
mixtures for directed spray treatments that have limited or no soil activity.
 

* Nontarget plants may be killed or injured by root uptake.
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Silktree, Mimosa

Silktree or mimosa (Albizia julibrissin Durazz.) is a small legume tree 10 to 50 feet (3 to 15 m) tall that reproduces by 
abundant seeds and root sprouts. Traditionally planted as an ornamental owing to abundant showy pink and white flow-
ers in spring and throughout summer that yield profuse dangling flat pods that are often retained during winter. It has 
feathery deciduous leaves and smooth light-brown bark. Seedpods float to spread along waterways and ditches, while 
seed remain viable for many years.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of seed pods in a dumpster 

or burn.
	 Minimize disturbance where this plant occurs.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when seed are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Trees. Make stem injections using Arsenal AC* or when safety to surrounding vegetation is desired, Garlon 3A or Milestone 
in dilutions as specified on the herbicide label (anytime except March and April). For felled trees, apply the herbicides to 
stump tops immediately after cutting. ORTHO Brush-B-Gon and Enforcer Brush Killer are effective undiluted for treating 
cut-stumps and available in retail garden stores (safe to surrounding plants). 
Saplings. Apply a basal spray to young bark using Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled 
basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted); or undiluted 
Pathfinder II. Elsewhere, apply Stalker* as a 6- to 9-percent solution (1.5 to 2 pints per 3-gallon mix) in a labeled basal 
oil product, vegetable oil, kerosene, or diesel fuel (where permitted). 
Resprouts and seedlings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant: 
	 From June to August, either Escort XP* at 1 ounce per acre (0.2 ounces per 3-gallon mix) plus a glyphosate herbicide 

as a 2-percent solution addition (8 ounces per 3-gallon mix) or Milestone VM Plus* at 6 to 9 pints per acre (1.5 to 3 
pints per 3-gallon mix and 10 gallons per acre).

	 From July to September, Transline* † or Milestone as a 0.25-percent solution plus Garlon 3A as a 4-percent solution (1 ounce 
plus 5 ounces per 3-gallon mix).

  
* Nontarget plants may be killed or injured by root uptake.
† Transline controls a narrow spectrum of plant species.
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Tallowtree, Popcorntree

Tallowtree or popcorntree [Triadica sebifera (L.) Small], formerly [Sapium sebiferum (L.) Roxb.] is a deciduous tree 
growing to 60 feet (18 m) tall that can form pure stands, especially in wet prairies. Leaves are broadly ovate to diamond-
shaped and turn bright yellow and scarlet in the fall. Abundant bundles of white waxy popcorn-like seeds appear on 
branchlets in the fall also. Seeds, high in fat and protein, are consumed and spread by birds and mammals. Saplings 
as young as 3 years can produce viable seed and remain reproductive for 100 years to produce 100,000 seeds per 
year. Infestations intensify by prolific surface root sprouts. Seed viability in the soil is 2 to 7 years.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or 

burn.
	 Tallowtree litter mulch inhibits its own seed germination as well as native seeds. 
	 Minimize disturbance within miles of where this plant occurs, and anticipate wider occupation when plants are present 

before disturbance.
	 High-priority sites to monitor and treat are by water.
	 Treat when new plants are young to prevent seed formation.
	 Cut, bulldoze, and mulch when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments intensify infestations and should not be used.

Recommended control procedures:
Large trees.  Make stem injections using dilutions and cut-spacings specified on the herbicide label (anytime except 
March and April) with Arsenal AC*, Clearcast*, Habitat*, or Milestone herbicide in aquatic situations; or when safety 
to surrounding vegetation is desired, inject Garlon 3A or a glyphosate herbicide.
	 For felled trees and cut saplings, apply a herbicide to stump tops and sides immediately after cutting using Milestone 

as a 10-percent solution, or Garlon 4 as a 10-percent solution in a basal oil (1 quart per 3-gallon mix) when stumps 
are less than 6 inches in diameter and a 20-percent solution (2 quarts per 3-gallon mix) on larger stumps, or apply 
Garlon 3A or a glyphosate herbicide mixed in water as a 20-percent solution (2 quarts per 3-gallon mix) on all sizes 
of stumps. 

	 For treatment of extensive infestations in forest situations, apply Velpar L* to the soil surface within 3 feet of the stem 
(one squirt per 1-inch stem diameter) or in a grid pattern at spacings specified on the herbicide label, or Clearcast* as 
an aerial spray, which has safety to many hardwoods, at 64 ounces per acre.

Saplings. Apply Garlon 4 as a 15-percent solution (58 ounces per 3-gallon mix) in a labeled basal oil product, vegetable 
oil or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted); undiluted Pathfinder II when safety to 
surrounding vegetation is desired; or elsewhere, Stalker* as a 6- to 9-percent solution (1.5 to 2 pints per 3-gallon mix) 
in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted) to 
young bark as a basal spray.
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant (July 
to October): Arsenal AC* as a 0.75-percent solution (3 ounces per 3-gallon mix); Arsenal PowerLine* as a 1.5-percent 
solution (6 ounces per 3-gallon mix); Krenite S as a 20-percent solution (5 pints per 3-gallon mix); Clearcast* as a 
2-percent solution (8 ounces per 3-gallon mix); or when safety to surrounding vegetation is desired, Garlon 4 as a 
2-percent solution (8 ounces per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake.
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Tree-of-Heaven

Tree-of-heaven or ailanthus [Ailanthus altissima (Mill.) Swingle] is a shallow-rooted deciduous tree to 80 feet (25 m) tall 
with long pinnately compound leaves having two circular glands under small lobes on leaflet bases. Large terminal clus-
ters of greenish flowers in early summer yield persistent clusters of wing-shaped fruit with twisted tips on female trees. 
Light-green seeds in midsummer are capable of germination. Viable seed are produced by 2- to 3-year-old plants, and a 
mature tree can produce 300,000 seeds per year. Seed can be blown up to 330 feet (100 m) from parent. Root sprouts 
will appear after the main stem is killed, and root segments left in soil after pulling treatments will sprout. Sprouts can 
grow 10 to 14 feet (3 to 4 m) tall the first year. This vigorous growth can continue for 4 or more years.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Target female seed-producing plants.
	 Minimize disturbance within miles of where this plant occurs, and anticipate wider occupation when plants are present 

before disturbance.
	 Treat when new plants are young to prevent seed formation.
	 Cutting and pulling treatments result in abundant surface root sprouts and should not be used without herbicide treatments.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Large trees. Make stem injections and then apply Garlon 3 A when safety to surrounding vegetation is desired, or 
Pathway* or Arsenal AC* in dilutions and cut-spacings specified on the herbicide label (midsummer best, late winter 
somewhat less effective). For felled trees, apply the herbicides to stem and stump tops immediately after cutting. Also, 
ORTHO Brush-B-Gon and Enforcer Brush Killer are effective undiluted for treating cut-stumps and available in retail 
garden stores (safe to surrounding plants). 
Saplings. Apply as basal sprays in mixed in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or 
fuel oil or diesel fuel (where permitted) using Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) when safety to 
surrounding vegetation is desired; or Stalker* as a 6- to 9-percent solution (1.5 to 2 pints per 3-gallon mix).
Seedlings and saplings. Thoroughly wet all leaves with one of the following herbicides in water with a surfactant (July 
to October): Arsenal AC* as a 0.75-percent solution (3 ounces per 3-gallon mix); Arsenal PowerLine* as a 1.5-percent 
solution (6 ounces per 3-gallon mix); Krenite S as a 15-percent solution (58 ounces per 3-gallon mix); Escort XP* at 1 
ounce per acre; or when safety to surrounding vegetation is desired, Garlon 4 as a 1- to 2-percent solution (4 to 8 ounces 
per 3-gallon mix) or Garlon 3A as a 2-percent solution (8 ounces per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake.
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Trifoliate, Hardy Orange

Trifoliate or hardy orange [Poncirus trifoliata (L.) Raf.] is a deciduous, small tree or shrub to 20 feet (6 m) in height and 
with tufts of trifoliate (three-leaflet) leaves on densely packed thorny stems. White flowers cover plants in early spring to 
yield abundant small, fuzzy green orangelike fruit that turn yellow in fall. Many sprouts occur around stems but not from 
roots. Species spreads by prolific animal-dispersed seeds and colonizes by basal sprouts. Infestations can deteriorate 
when surrounding or interspersed trees grow taller since it is shade intolerant.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present.
	 Anticipate wider occupation when plants are present before disturbance.
	 Cutting, tree injection, manual pulling, and tree wrenching are hindered by dense thorny branches and basal sprouts 

so use eye protection.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.
	 Treatment combinations should be used that are appropriate for dense thickets with limited access. Access trails may 

need to be cut.

Recommended control procedures:
Large trees and saplings. Cut and immediately treat the stump tops with one of the following herbicides: a glyphosate 
herbicide or Garlon 3A as a 25-percent solution (3 quarts per 1-gallon mix). ORTHO Brush-B-Gon and Enforcer Brush 
Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). A 
subsequent foliar application may be required to control new seedlings and resprouts.
Saplings. When safety to surrounding vegetation is desired, apply a basal spray of either Pathfinder II undiluted or 
Garlon 4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil 
with a penetrant, or fuel oil or diesel fuel (where permitted). Elsewhere, apply Stalker* as a 6- to 9-percent solution (1.5 
to 2 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel 
fuel (where permitted). 
Seedlings. When safety to surrounding vegetation is desired, thoroughly wet all leaves with a glyphosate herbicide or 
Garlon 3A as a 4-percent solution (1 pint per 3-gallon mix) in water with a surfactant; or if nontarget damage is not a 
concern, apply Arsenal AC* as a 0.5-percent solution (2 ounces per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake.
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Tungoil Tree

Tungoil tree [Vernicia fordii (Hemsl.) Airy-Shaw] is a deciduous tree that grows rapidly in moist and well-drained soils, 
forming dense stands. Trees grow to 40 feet (12 m) in height and have rounded crowns with many alternate branches 
and basal sprouts. Leaves are heart-shaped, some with rounded sinuses (mittenlike), and long petioles with a pair of 
conspicuous dark glands at the juncture with the blade. Sap is milky white. Clusters of showy, white, trumpet flowers 
with orange throats in early spring yield large spherical “nuts” in the fall. Viable seed can be produced at 3 years. Still 
sparingly planted as an ornamental.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut, mulch, and bulldoze when fruit are not present.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.

Recommended control procedures:
Large trees and saplings. Make stem injections using undiluted Garlon 3 A (June through September) when safety 
to surrounding vegetation is desired or Vanquish* as a 75-percent solution (9 quarts per 3-gallon mix) with water (June 
through October) in cut-spacings specified on the herbicide label. For stems too tall for foliar sprays, cut and immediately 
treat the stump tops with one of the following herbicides: Garlon 4 as a 25- to 50-percent solution (3 to 6 quarts per 
3-gallon mix) or Garlon 3A as a 30-percent solution (7 pints per 3-gallon mix). ORTHO Brush-B-Gon and Enforcer Brush 
Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). 
Saplings. When safety to surrounding vegetation is desired, apply a basal spray of Pathfinder II undiluted or use Garlon 
4 as a 20-percent solution (5 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a 
penetrant, or fuel oil or diesel fuel (where permitted). Elsewhere, apply Stalker* as a 6- to 9-percent solution (1.5 to 2 
pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel oil or diesel 
fuel (where permitted).
Seedlings and saplings. Wet all leaves on young trees < 10 feet (3 m) tall using one of the following herbicides in 
water with a surfactant: Garlon 3A as a 2-percent solution (8 ounces per 3-gallon mix), a glyphosate herbicide as a 2- to 
3-percent solution (8 to 12 ounces per 3-gallon mix) when safety to surrounding vegetation is desired. Elsewhere use 
Chopper Gen2* as a 1-percent solution (4 ounces per 3-gallon mix), or Arsenal AC* as a 0.5-percent solution (2 ounces 
per 3-gallon mix).
 

* Nontarget plants may be killed or injured by root uptake.  
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Invasive Shrubs 

Invasive shrubs often occur with invasive tree species and present similar problems. Herbicide control options are similar 
to those for trees, with the exception that foliar sprays can be used more often. All are shade tolerant with bird-dispersed 
seeds, resulting in scattered plants under existing forest canopies, which require additional surveillance within the interior 
of forest stands.

Autumn Olive

Autumn olive (Elaeagnus umbellata Thunb.) is a tardily deciduous bushy leafy shrub, 3 to 20 feet (1 to 6 m) in height, 
with scattered thorny branches. It has alternate leaves that are green above and silvery scaly beneath, with many red 
berries in fall having silvery scales. Species spreads by bird- and mammal-dispersed seeds. Often planted for surface-
mine reclamation and wildlife food plots and escapes to forest edges and open forests. 

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Treat when new plants are young to prevent seed formation.
	 Cut and bulldoze when fruit are not present.
	 Minimize disturbance within miles of where this plant occurs, and anticipate wider occupation when plants are present 

before disturbance.
	 Cutting and basal treatments are hindered by multiple thorny sprouts and eye protection should be used.
	 Manually pull new seedlings and tree wrench saplings when soil is moist, ensuring removal of all roots.
	 Burning treatments are suspected of having minimal topkill effect due to scant litter.
	 Autumn olive seedlings are readily eaten by goats and sheep. Goats can kill saplings by stripping the bark and bending 

them over to eat the foliage.

Recommended control procedures:
	 Thoroughly wet all leaves with Arsenal AC* or Vanquish* as a 1-percent solution in water (4 ounces per 3-gallon mix) 

with a surfactant (April to October). Or when safety to surrounding vegetation is desired, use Garlon 3A as a 2 percent 
solution (8 ounces per 3-gallon mix).

	 For stems too tall for foliar sprays, apply (January to February or May to October) a basal spray using Garlon 4 as a 
20-percent solution (5 pints per 3-gallon mix) in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, 
or fuel oil or diesel fuel (where permitted), or undiluted Pathfinder II when safety to surrounding vegetation is desired. 
Elsewhere, apply Stalker* as a 6-percent solution (1.5 pints per 3-gallon mix) in a labeled basal oil product, vegetable 
oil or mineral oil with a penetrant, or fuel oil or diesel fuel (where permitted) to young stems. Or cut larger stems and 
immediately treat the stump tops with one of the following herbicides in water with a surfactant: Arsenal AC* as a 
5-percent solution (20 ounces per 3-gallon mix); or when safety to surrounding vegetation is desired, a glyphosate 
herbicide as a 20-percent solution (5 pints per 3-gallon mix). ORTHO Brush-B-Gon and Enforcer Brush Killer are 
effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). 

 

* Nontarget plants may be killed or injured by root uptake.
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Bush Honeysuckles

Amur honeysuckle [Lonicera maackii (Rupr.) Herder], Morrow’s honeysuckle (L. morrowii Gray), Tatarian honeysuckle 
(L. tatarica L.), sweet breath of spring (L. fragrantissima Lindl. & Paxton), and Bell’s honeysuckle (Lonicera × bella Zabel 
[morrowii × tatarica]) are all tardily deciduous, upright to arching-branched shrubs. All are multiple stemmed with dark 
green oval-to-oblong distinctly opposite leaves that appear early. Fragrant showy tubular and five-lipped white-to-pink 
or yellow paired flowers similar to Japanese honeysuckle (L. japonica L.) appear from May to June. Abundant paired 
berries in leaf axils are red to orange during winter and are spread by birds and mammals. Seeds are long lived in the 
soil. Infestations intensify by root sprouts.

Management strategies:
	 Do not plant. Remove prior plantings, and control sprouts and seedlings. Bag and dispose of fruit in a dumpster or burn.
	 Minimize disturbance within miles of where these plants occur, and anticipate wider occupation when plants are present 

before disturbance.
	 Treat new plants when young to prevent seed formation.
	 Repeated cutting to prevent fruiting once a year in forests will diminish stands. Cut only when fruit are not present.
	 Manual pulling, tree wrenching, and grubbing with a pick mattock can control small plants and small populations when 

roots are removed; these strategies are easiest when soil is moist. Soils should be tamped down to discourage further 
invasion.

	 Burning treatments are most effective in spring for seedling kill and topkill. Repeat for suppression.
	 Bush honeysuckles are not readily eaten by goats, deer, or sheep, while high deer densities unless controlled will slow 

revegetation by native plants.
	 Treatment access can be limited by dense growth and will warrant trail cutting.

Recommended control procedures:
	 Thoroughly wet all leaves with glyphosate herbicide, Garlon 3A, or Garlon 4 as a 4-percent solution in water (1 pint 

per 3-gallon mix) with a surfactant (April to October); or when leaves turn yellow, increase the strength of the Garlon 4 
application to a 6-percent solution (20 ounces per 3-gallon mix). Other alternatives include: Garlon 4 as a 20-percent 
solution (5 pints per 3-gallon) mix in a labeled basal oil product, vegetable oil or mineral oil with a penetrant, or fuel 
oil or diesel fuel (where permitted); or undiluted Pathfinder II* applied to young bark as a basal spray to all stems in a 
clump (winter applications recommended).

	 For stems too tall for foliar sprays, cut large stems and saplings and immediately treat the stump tops with one of 
the following herbicides when safety to surrounding vegetation is desired: a glyphosate herbicide, Garlon 3A as a 
20-percent solution (5 pints per 3-gallon mix), or undiluted Pathfinder II. ORTHO Brush-B-Gon and Enforcer Brush 
Killer are effective undiluted for treating cut-stumps and available in retail garden stores (safe to surrounding plants). 
Elsewhere, apply Pathway* undiluted in summer or fall. Treating in the spring will result in significantly lower control, 
especially when using a glyphosate herbicide.

	 For large stems, make stem injections using Arsenal AC* or when safety to surrounding vegetation is desired, Garlon 
3A or a glyphosate herbicide using dilutions and cut-spacings specified on the herbicide label (anytime except March 
and April). An EZ-Ject tree injector can help to reach the lower part of the main stem; otherwise, every branching trunk 
must be hack-and-squirt injected.

 

* Nontarget plants may be killed or injured by root uptake.
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