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This table summarizes how each species was scored according to several criteria.  The methodology 
follows the Criteria for Categorizing Invasive Non-Native Plants that Threaten Wildlands developed by 
the California Exotic Pest Plant Council, and is used by many states in the country to assess exotic 
invasive species. Details regarding the scoring methodology can be found at: http://www.cal-
ipc.org/ip/inventory/pdf/Criteria.pdf. 5Ŝǘŀƛƭǎ ǊŜƎŀǊŘƛƴƎ ŜŀŎƘ ǎǇŜŎƛŜǎΩ ǎŎƻǊŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ !ǇǇŜƴŘƛȄ D 
of the City of Austin Invasive Species Management Plan.  
 
Overall Rating 
1. High ς These species have severe ecological impacts on physical processes, plant and animal 
communities, and vegetation structure. Their reproductive biology and other attributes are conducive to 
moderate to high rates of dispersal and establishment. Most are widely distributed ecologically. 
 

2. Moderate ς These species have substantial and apparentτbut generally not severeτecological 
impacts on physical processes, plant and animal communities, and vegetation structure. Their 
reproductive biology and other attributes are conducive to moderate to high rates of dispersal, though 
establishment is generally dependent upon ecological disturbance. Ecological amplitude and distribution 
may range from limited to widespread.  
 

3. Low ς These species are invasive but their ecological impacts are minor on a statewide level or there 
was not enough information to justify a higher score. Their reproductive biology and other attributes 
result in low to moderate rates of invasiveness. Ecological amplitude and distribution are generally 
limited, but these species may be locally persistent and problematic. 
 

4. Unknown - Evaluated but lack sufficient information to assign a rating or the available information 
indicates that the species does not have significant impacts at the present time. 
 
Alert 
Specific combinations of section scores that indicate significant potential for invading new ecosystems 
triggers an Alert designation so that land managers may watch for range expansions. Y = Yes, N = No 
 

Impact 
The Impact section assesses the cumulative impact (e.g., over a period of several decades) of the species 
on the wildlands where it typically occurs in Texas or other places with similar environmental conditions. 
The assessment applies to impacts within the area currently occupied by the species within Texas (to the 
extent that this area is known). A= Severe, B = Moderate, C = Minor, D = Negligible, U = Unknown. 
 

Invasiveness 
¢ƘŜ LƴǾŀǎƛǾŜƴŜǎǎ ŀǎǎŜǎǎƳŜƴǘ ǊŀǘŜǎ ŀ ǎǇŜŎƛŜǎΩ ǇƻǘŜƴǘƛŀƭ ǘƻ ŜǎǘŀōƭƛǎƘΣ ǎǇǊŜŀŘΣ and increase in abundance in 
wildlands. A = High, B = Moderate, C = Low, D = Negligible, U = Unknown 
 

Distribution 
This column includes the Ecological Amplitude as well as the distribution of the invasive species. The 
άŜŎƻƭƻƎƛŎŀƭ ŀƳǇƭƛǘǳŘŜέ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎ indicates the diversity of ecological types invaded while the 
άŘƛǎǘǊƛōǳǘƛƻƴέ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ƛƴŦŜǎǘŀǘƛƻƴ ƛƴ ŀƴȅ ƎƛǾŜƴ ŜŎƻƭƻƎƛŎŀƭ ǘȅǇŜΦ ¢Ƙƛǎ ƛǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ 
ŜŎƻƭƻƎƛŎŀƭ ǘȅǇŜΩǎ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƻŎŎǳǊǊŜƴŎŜǎ όŦǊŜǉǳŜƴŎȅύ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ƛƴǾŀŘŜŘΣ ƴƻǘ as an estimate of 
the average percent cover occupied by the species within each ecological type.  A = Wide, B = Moderate, 
C = Limited, D = Narrow, U = Unknown 
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Documentation 
This section describes the reliability of  documentation for each of the ecological criteria described 
above.  A checkmark in any of the columns 4, 3, 2, or 1, indicates the availability of the following 
documentation types: 
4 = Reviewed scientific publications 
3 = Other published material (reports or other non-peer-reviewed documents) 
2 = Observational (unpublished information confirmed by a professional in the field) 
1 = Anecdotal (unconfirmed information) 
0 = No information 
The overall column is a weighted average of the documentation found for the species: more weight is 
assigned to reviewed scientific publications (4), than, for instance, observational documentation (2). 
 
Notes 

1 While bermudagrass has an overall rating of being moderately invasive, it is recognized that 
bermudagrass is useful in certain applications as a turf grass for ball fields and high traffic areas. It is 
recommended that improved hybrids of bermudagrass such as Tifgreen, Tifdwarf, Tifway and Santa Ana 
be used in those applications as these hybrid varieties do not produce seed, whereas common 
bermudagrass produces seeds that remain viable in soil for at least 2 years. 

 

*See weed risk assessment notes 
 

Source: Warner et al. 2003 
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Section 2   

Management Techniques 

 
 

Best Management Practices 

 

Best Management Practices for control of problematic vegetation are based on Integrated Pest 
Management (IPM) principles that will maintain the desired site conditions using a combination of 
available methods, while minimizing risk to people, property and the environment. This booklet is 
intended to be supplemental to existing IPM plans. In the absence of a site or departmental IPM plan, 
the information presented here can be used to guide efforts to control invasive vegetation. Managers 
use information on pest life cycles and control methods to select the least toxic control method that is 
effective and economical. IPM plans identify current infestations, set action thresholds for treatment, 
and prescribe control and prevention methods. 
 
These principles include: 
ω aŀƛƴǘŜƴŀƴŎŜ ŀŎǘƛǾƛǘƛŜǎ using Integrated Pest Management methods that are supported by scientific 
research as increasing effectiveness and minimizing risk. All departments will combine physical, 
biological and chemical controls, whenever practical. 
ω /ƻǊǊŜŎǘƭȅ ƛŘŜƴǘƛŦȅing the plant target pest species and understanding the biology to determine what 
control practices may be most appropriate. 
ω Determining the threshold levels at which a pest becomes a problem, a safety hazard or obstacle to 
determine if and when control is needed and which control method is best suited to the situation. 
ω Determining the most vulnerable stages of the life cycle of the pest to determine when the target 
pest is most susceptible to treatment for effective control. 
ω Using the most effective and economical combination of methods to achieve the desired level of 
management while minimizing threats to water quality. 
ω Accomplishing most vegetation management using individual plant treatments, the primary 
exception to this will being prescribed burning, which may be applied as a long-term, large-scale 
vegetation management tool, rather than an individual plant treatment. 

 
The determination of a treatment prescription and application method will take into consideration the 
situation, location and surrounding vegetation. Adjustments will be made, as needed, to accommodate 
special circumstances related to the facility location and adjacent environmental conditions. 
 
When a Best Management Practices option indicates that pesticide applications are appropriate, control 
treatments will favor effective low volume applications of the least toxic pesticides that are effective for 
the job. 
 

Elements and Tasks of an Invasive Plant Management Program 

 

1. Make a plan. 
ω .ŀǎŜ ȅƻǳǊ ǇƭŀƴƴŜŘ ǘǊŜŀǘƳŜƴǘǎ ƻƴ ǎǘŀǘŜŘ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ōŜǎǘ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜƴ ǎŎƘŜŘǳƭŜ ŀƴŘ 
acquire resources that support your plan. 
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ω 5ŜǾƛǎŜ ōƻǘƘ ŀ ǎƘƻǊǘ- and long-term plan including both specific infestation treatment regimes and 
ideas for how these fit into a general land management plan. 
ω aŀǇǎ ƻŦ ƛƴŦŜǎǘŀǘƛƻƴ ƭƻŎŀǘƛƻƴǎ ŀƴŘ ǇǊƛƻǊƛǘȅ ǊŀǘƛƴƎǎ of invasive species will assist the planning process. 
ω !ƴ ŜǊŀŘƛŎŀǘƛƻƴ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻƎǊŀƳ ŦƻǊ ǎǇŜŎƛŦƛŎ ƛƴǾŀǎƛǾŜ Ǉƭŀƴǘ ƛƴŦŜǎǘŀǘƛƻƴǎ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜǎ 
several years of treatments and many more years of surveillance. 
ω bŜǿŜǊ ƛƴŦŜǎǘŀǘƛƻƴǎ ŀƴŘ ǎƳŀƭƭŜǊ Ǉƭants require much less time than extensive and dense infestations. 

 
2. Prevent entry and spread. 
ω 9ŘǳŎŀǘŜ ǳǎŜǊǎ ƻŦ ȅƻǳǊ ƭŀƴŘ ŀōƻǳǘ ǘƘŜ ƛƴǾŀǎƛǾŜ Ǉƭŀƴǘǎ ǘƘŀǘ ǇƻǎŜ ƳŀƧƻǊ ǘƘǊŜŀǘǎ, and how to prevent 
their entry and spread. 
ω 9ǎǘŀōƭƛǎƘ ǎŀƴƛǘŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜǎ ǘƻ prevent the spread of invasives. Require all individuals to 
minimize invasive plant spread by following these procedures when working in or near infested lands: 

o Inspect the site and infestation before operations. 
o Avoid driving vehicles, mowers, all-terrain vehicles or spray equipment through infestations in 
seed or fruit. 
o Brush and wipe all seeds and debris from clothes, boots, socks, and personal protective 
equipment. 
o Clean motorized equipment, especially the undercarriage and tire surfaces. 
o Cover loads or bag cut invasive plants before transport. 
ω aƻƴƛǘƻǊ ōǳǊƴ ǇƛƭŜ ŀǊŜŀǎ ŦƻǊ ƴŜǿ ǎŜŜŘƭƛƴƎǎΦ 
ω .Ŝ ŎŀǊŜŦǳƭ ƴƻǘ ǘƻ ŘƛǎǘǳǊō ŀǊŜŀǎ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ŀ ƘƛƎƘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƛƴǾŀǎƛƻƴΦ 
ω aŀǇ ƛƴǾŀǎƛǾŜ Ǉƭŀƴǘ ƭƻŎŀǘƛƻƴǎ ŀƴŘ ǎƛǘŜǎ ŀǘ ǊƛǎƪΣ ŀƴŘ ŘŜƴƻǘŜ ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ their desired 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. 
ω aƻƴƛǘƻǊ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ǘƘǊƻǳƎƘ ǊŜǇŜŀǘŜŘ Ǿƛǎƛǘǎ and record progress or the lack of it. 
ω 9ƳǇƭƻȅ ǘƘŜ ǎŜŀǊŎƘΣ ǎǳǊǾŜȅΣ ƛƴǾŜƴǘƻǊȅΣ ƳƻƴƛǘƻǊ ŀƴŘ ǎǳǊǾŜƛƭƭŀƴŎŜ ƳŜǘƘƻŘΦ 

 
3. Eradicate, control or contain, and monitor results. 
ω wŜƘŀōƛƭƛǘŀǘŜΣ ǊŜǎǘƻǊŜ ƻǊ ǊŜŎƭŀƛƳ ǘǊŜŀǘŜŘ ƭŀƴŘǎΦ 
ω 9ǎǘŀōƭƛǎƘ ƴŀǘƛǾŜ ƻǊ ƴƻƴƛƴǾŀǎƛǾŜ Ǉƭŀnts. 
ω tǊƻƳƻǘŜ ƛƴǾŀǎƛƻƴ ǊŜǎƛǎǘŀƴŎŜ ōȅ ŜƴŎƻǳǊŀƎƛƴƎ ƴŀǘƛǾŜ ŘƛǾŜǊǎƛǘȅ ŀƴŘ ŜŎƻǎȅǎǘŜƳ ŦǳƴŎǘƛƻƴΦ 
ω 9ŦŦŜŎǘƛǾŜ ǘǊŜŀǘƳŜƴǘ ǎŎƘŜƳŜǎ ŦƻǊ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǳǎŜ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ŎƻƳōƛƴŜǎ ǘǊŜŀǘƳŜƴǘǎ 
in an appropriate sequence and at crucial times, allowing native plants to reestablish in the same 
biological niche as invasives. 

 

Effective Treatments for Integrated Management of Nonnative Invasive Plants 

 

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

1. Cultural Methods 
2. Manual Methods 
3. Mechanical Methods 
4. Biological Methods 
5. Chemical Methods 
6. Strategic Control Method: Combination of Control Methods 
7. Restoration 
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Many methods are available to manage invasive plants and rehabilitate sites and more are being 
developed. 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. 
 

1. Cultural Methods 

Proper cultural practices are essential in establishing healthy landscapes and can often help to maintain 
their resistance to pest problems. Several cultural practices, including prescribed burning and water-
level manipulation, can reduce or control invasive plant populations. However, such practices may also 
have undesirable impacts to soils, animal habitat and native species, so care in planning and enactment 
must be exercised. 
 
Prescribed Burning 
Prescribed Burning is a tool used for many facets of vegetation management. With regards to pest 
management, it may be used to manage both herbaceous and woody species. It provides the 
opportunity to accomplish vegetation management over a relatively large area at relatively low cost and 
target multiple species and individuals with minimal threats to non-target plant and animal species. 
When applied appropriately, prescribed burning can help significantly improve the effectiveness of 
other more intensive and costly treatments. Prescribed fire also avoids threats to water quality 
associated with use of chemical herbicides. 
 
Prescribed burning is generally planned to target species that are susceptible to fire and do not exhibit 
re-sprouting behavior. Some re-sprouting species can be kept in check by prescribed fire when 
conducted on a recurring basis. Low intensity burns can be used to treat susceptible young or small-
statured woody plants. High intensity burns may also be conducted to increase burn effectiveness on 
larger woody plants. For most herbaceous species, the timing of application of this practice must 
coincide with a particular phenological stage of the target species life cycle, for instance when thistle 
plants are in the rosette stage or before annual species flower and produce seed. Winter or early spring 
burns are most effective for invasive forb species and King Ranch bluestem is best managed by summer 
fire. 
 
Water-Level Manipulation 
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. 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 herbicide applications in wetlands. 
 
Prescribed Grazing 
Prescribed grazing is an approach that relies on cattle, sheep, goats or 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 used for many herbaceous invasive plants, while sheep 
and goats will feed on invasive woody plants as well. 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. 
Grazers must be managed so that they do not selectively target palatable native species. Additionally, it 
is important to note that the animals would be used as a tool for vegetation management. A strict 
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accounting of animal numbers, incoming and outgoing, must be provided so that animals are not 
allowed to remain on the property following the completion of work, becoming a management issue 
themselves. 
 
Mulching 
Mulches and other ground coverings are often employed during the installation and restoration of 
landscapes as well as their ongoing maintenance. They are utilized for a variety of reasons. Mulches 
suppress weeds, help to retain moisture around plants, reduce possible erosion, and provide visual 
enhancement. Use of landscape mulches in vegetative buffers should take into account any possible 
impacts to the buffer as well as nearby waterways. These impacts may include: 
ω LƴŀŘǾŜǊǘŜƴǘ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ƴƻƴ-native weeds to the site. 
ω [ŜŀŎƘƛƴƎ ƻŦ ǎǳōǎǘŀƴŎŜǎ ǎǳŎƘ ŀǎ ǘŀƴƴƛƴǎ ƻǊ ƴǳǘǊƛŜƴǘǎ ŦǊƻƳ ǘƘŜ ƳǳƭŎƘ ƛƴǘƻ ƴŜŀǊōȅ ǿŀǘŜǊǿŀȅǎΦ 
ω aƛƎǊŀǘƛƻƴ ƻŦ ƳǳƭŎƘ ƳŀǘŜǊƛŀƭ ƛƴǘƻ ǿŀǘŜǊǿŀȅǎΦ 
 

Choices of mulches should take these concerns into account. Mulching in areas that are below typical 
high water lines is discouraged in any vegetative buffers. Seeding of cover crops for erosion control is 
allowed in buffer zones. 
 
Solarization 
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 invasive plants 
by 90 percent. Other plants and beneficial soil organisms are killed by this methodτit 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. 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 and should be quickly re-vegetated or otherwise protected. 
 

2. 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 generally 
used on woody invasive plants when they are small. 
Eradication is only possible when the root crown or roots 
that can re-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 mature 
invasives, re-sprouting will usually occur. When this 
occurs, chemical treatment is usually required. 
 

3. Mechanical Methods 

Mechanical methods usually involve top removal or uprooting of individual plants. This method may be 
accomplished using hand tools, chain saws or heavy equipment. These methods can complement and 

Using a weed wrench 
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increase the efficiency of herbicide treatments, followed by re-vegetation with desirable 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. Timely follow-up with other control methods is essential, because disturbance of the 
soil creates favorable conditions for regrowth from seeds and root fragments. Mechanical removal with 
heavy equipment may be appropriate in natural areas. However, care should be taken and the use of 
heavy equipment should be limited or eliminated, in particularly sensitive areas (e.g. near streams or 
karst features). 
 
Mechanical treatments will be applied in a manner that minimizes ground disturbance. Methods will be 
limited to those that allow selection of individual plants. These include use of hand tools, chain saws, 
and tractor or skid steer mounted devices such as tree shears and others. Less discriminating treatments 
such as chaining and root plowing will be avoided. Exceptions may be considered on a case-by-case 
basis. 
 
Skid-Steer Loaders 
Tracks attached to the tires of the loader help traction and access to difficult terrain. 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. However, track driven equipment can cause a high level of soil disturbance and should be 
used with care, and where possible, managers should opt for wheeled equipment. 
 
Mulchers 
Mulchers 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. After a mulched area has dried and 
regrowth occurs, herbicides can be more efficiently applied to the re-sprouts. 
 
Bulldozers 
Bulldozers (or tracked tractors) are made in a range of sizes and 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. The 
substantial soil damage caused by bulldozers should be an important consideration when weighing the 
benefits of using such equipment against the drawbacks. 
 

4. Biological Control Methods 

Biological control of plants uses living organisms to weaken, kill, or stop seed production of the targeted 
plant. The most common agents in bio-control programs are insects and pathogens. Uses of nematodes 
and mites are under study. 
 

5. Chemical Methods 

When other techniques are not sufficient, herbicide can offer an alternative. Effective herbicide 
applications can kill roots without exposing soil, though herbicide toxicity to non-target species and 
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persistence, activity and mobility in soil or water must be considered. Exposed soil is susceptible to 
reinvasion and erosion. For successful herbicide treatments: 
ω Select the least toxic herbicide that is effective for the target species and appropriate for the 

landscape. Also consider soil mobility, activity in soil and half-life. See White 2007. 
ω Carefully read the ENTIRE label on the chosen chemical. Look for and adhere to specific 

instructions regarding use in and near water, land type, specific species, applicator precautions, 
etc.  

ω Follow application and mixing requirements prescribed on the label and use the most directed 
application method that will be effective. 

ω Choose the optimum time for applications. Factors to consider include the condition and stage of 
growth of target species, and weather considerations (probability of rain following application, 
wind speed during application). Many herbicides are effective only when plants are actively 
growing, so periods of drought, cold or heat may render pesticides ineffective. Uptake of foliar 
application may be hindered when leaf stomata are closed due to high temperatures. 

ω Be patient. Allow herbicides to work for several months to a year before resorting to other 
treatment options or re-treating. 

 
Selecting an Effective Herbicide 
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 if 
the label allows use for general weed control 
ƻǊ ŎƻƴǘǊƻƭ ƻŦ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎΣ ǎǳŎƘ ŀǎ άŀƴƴǳŀƭ ǿŜŜŘǎέΣέ ǇŜǊŜƴƴƛŀƭ ǿŜŜŘǎέ ƻǊ έǿƻƻŘȅ ǎǇŜŎƛŜǎέΦ ¢ƘŜǎŜ 
more general uses are often discussed on the label under the headinƎ ƻŦ άƴƻƴ-ŎǊƻǇ ŀǊŜŀǎέΣ άƴŀǘǳǊŀƭ 
ŀǊŜŀǎέΣ ƻǊ άƘŀōƛǘŀǘ ƳŀƴŀƎŜƳŜƴǘέΦ !ŘŘƛǘƛƻƴŀƭ ǎƻǳǊŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ both effectiveness and toxicity 
include Material Safety Data Sheets (MSDS) that can be obtained from manufacturers and herbicide fact 
sheets. Fact sheets are prepared by third parties and may contain additional information not found on 
the label or MSDS sheet. Fact sheets, if used, should come from independent (not manufacturer) 
sources. 
 
Adjuvants and Additives to Herbicide Spray Solutions 
Adjuvants are any product added to a spray solution to improve herbicide performance and 
effectiveness, 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. 
 
Choose an adjuvant, according to label recommendations, that is appropriate for your particular 
application method and field conditions. Obtaining information about adjuvants and their effects can be 
difficult. MSDS sheets often the best source of information. Be aware that adjuvants may have more 
serious or long lasting environmental effects than the active ingredient of the herbicide, especially on 
aquatic organisms.  
 
Another common additive used by professionals is a marking dye, which makes it easier to determine 
which areas have been sprayed and which still need treatment. Dyes marketed for this purpose will fade 
after a period of sunlight exposure. 
 
Water Quality Protection 
Water quality is an important environmental issue in relation to pesticide use. The strategies for 
reducing or preventing water contamination by these products are largely based on common sense. 
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When applying pesticides, the applicator should read the product labels and use the lowest effective 
rate listed on the label for any one application. Calibrate equipment to deliver herbicides according to 
label recommendations and keep records of the amount of product applied. An applicator should NEVER 
άŘƻǳōƭŜ ǘƘŜ ǊŀǘŜ ŦƻǊ ōŜǘǘŜǊ ǊŜǎǳƭǘǎέ ŀƴŘ b9±9w ŘŜǾƛŀǘŜ ŦǊƻƳ ǎǘǊƛŎǘ ƭŀōŜƭ ŀǇǇƭƛŎŀǘƛƻƴ ǊŀǘŜǎΦ 
 

When treating infestations in or near water bodies (whether flowing, standing or even 
temporarily dry) herbicide formulations specific for aquatic applications MUST BE USED.  An 
aquatic formulation should be used in any location where there is the possibility of herbicide 
entering  surface water during or even after application, whether carried by wind (drift) by 
rainfall run off or by soil water movement into shallow aquifers.   Weather conditions such as 
calm winds or clear skies can change quickly in central Texas.   If the application is going to 
occur anywhere that a rapid change in environmental  conditions (wind gusts, unexpected 
rainfall) could carry the chemical into the water, an aquatic formulation should be used.  In this 
case, it is much better to be extremely cautious rather than have an unexpected discharge of the 
wrong type of chemical entering the water. 
 
The key to minimizing impact is reducing the levels of possible pollutants that enter the system. Factors 
determining the potential for ground water and surface water contamination include tendency for the 
pesticide to attach to soil particles or organic matter, solubility in water, rate of degradation and 
volatility. Soil characteristics, aloƴƎ ǿƛǘƘ ǘƘŜ ŎƘŜƳƛŎŀƭΩǎ ƛƴƘŜǊŜƴǘ mobility, determine the rate at which 
chemicals move through the soil. Soils with high clay or organic matter content are more likely to bind 
herbicide molecules, restricting movement of the material while it is decomposed by microorganisms or 
other degradation processes. To minimize contamination due to runoff, do not apply products within 48 
hours of expected heavy rainfall. 
 
Pesticide drift is controlled by spraying only on calm days, using lower pressure, larger droplet size and 
drift control additives in the spray solution. These precautions should be taken to reduce spray drift on 
all occasions. More detail on managing spray drift is given in the following section of this plan. The use 
of broadcast spray methods should be minimized in favor of more directed application methods. 
 
One potential source of water contamination is the disposal of unused herbicide, product containers 
and rinse water. Prepare only the amount recommended for the area to be treated to prevent having 
unused herbicide at the end of an application. Rinse all empty containers, regardless of their type, three 
times before disposal. Do not dispose of container rinse water where it may flow into a waterway.  
Instead, dispose of rinse water by application on the treated area. Dispose of the product containers 
according to label directions.  
 
Selective Herbicide Applications 
The best approach is usually selective applications to target 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, and cut-treat. 
 

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 

Foliar spray 
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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 all 
leaves. 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 some species and are often 
required to prevent seed formation.  
 
The applicator can direct the spray towards target plants and away from desirable plants for 
selective treatment. 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 non-target 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 effectiveness and limit 
drift. Wind must be minimal (less than 10 
miles per hour) and used by the applicator to 
facilitate upper crown coverage.  
 
Directed foliar sprays can be applied in volumes greater than 3 gallons using 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 non-target plants. 

 
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. Most wick systems have 
limited use and durability in forest and field 
situations, but are useful for application to specific 
small infestations. Vehicle mounted wipe bars can 
be used to selectively target large areas of taller 
target species (e.g.- johnsongrass) with minimal 
impacts to shorter desirable species. 

 
Basal Sprays and Wipes 
Basal sprays are herbicide-oil-penetrant mixtures sprayed on the lower portion of woody stems. 
The sprays are usually applied with a backpack sprayer or wick applicator. Avoid using basal 

Hand wick with two gloves 
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Mechanical herbicide injector 

applications near water bodies, spray contact with desirable trees or heavy use within their root 
zone. The herbicide must be an oil-soluble formulation 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. 
 
The most effective time period in most of the South for a basal spray and streamline is June 
through September. After treating with a basal spray, wait at least 2 years before disturbing 
aboveground plant material, because herbicide activity within plant roots can continue for an 
extended period. 
 
Stem Injection 
Stem injection (including hack-and-squirt) involves the use of mechanical herbicide injectors or 
the application of herbicide concentrate or herbicide-water mixtures into downward incision 
cuts spaced around woody stems and often made by a hatchet or machete. Tree injection is a 
selective method of controlling larger trees, shrubs and vines with minimum damage to 
surrounding plants. Injection treatments are sometimes not as effective in controlling multiple-
stemmed species compared to the faster basal bark treatments, but may be easier in remote or 
rough terrain where a backpack sprayer is impractical. Incisions should be spaced around the 
stem, deep enough to penetrate the bark and inner cambium, 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. 
 

Cut-Treat or Cut-Stump 
Cut-treat involves applying herbicide concentrates, 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, squeeze bottle, backpack sprayer, wick or paint 
brush. Freshly cut stems and stumps can be treated with herbicide mixtures to prevent re-
sprouting 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. To minimize deactivation of the 
herbicide in the cut-treat method, remove sawdust from stumps before treatment. For stumps 
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Cut-treat on C. esculenta 

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. Note that some 
herbicide labels advise treating the outer 
portion of the stump down to the ground. 
 
 
 

Broadcast Herbicide Applications 
Broadcast application of pesticides will be avoided. However, in rare cases in which broadcast 
application is deemed appropriated, chemicals should be selected that have low-non target toxicity, low 
potential for movement and a short half-life in the environment.  
 

6. Strategic Control Method: Combination of Control Methods 

The most appropriate, effective and safest control of a target pest is a strategic combination of several 
of the control methods outlined above, integrating herbicides into the available management methods. 
The combination of various manual, mechanical, and chemical methods is often the Best Management 
Practice for cost-effective and environmentally safe management. All options involving chemical control 
methods will be in strict compliance with product label requirements.  
 
The proposed use of chemical controls in the following instances must be reviewed and approved by the 
City of Austin IPM Coordinator prior to their use: 
ω ¢ƘŜ ǇǊƻǇƻǎŜŘ ǳǎŜ ƻŦ ǇŜǎǘƛŎƛŘŜǎ ǿƛǘƘƛƴ рлΩ ƻŦ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ όCritical Water Quality Zone) 
e.g. flowing, standing or temporarily dry water bodies 
ω ¢ƘŜ ǇǊƻǇƻǎŜŘ ǳǎŜ ƻŦ ǇŜǎǘƛŎƛŘŜǎ ǿƛǘƘƛƴ мрлΩ ƻŦ ŀ ŎŀǾŜΣ ǎƛƴƪƘƻƭŜΣ ŀƴŘκƻǊ ƻǘƘŜǊ ǊŜŎƘŀǊƎŜ features 

(Edwards Aquifer recharge zone). When chemicals are to be used in close proximity to caves, within or 
near sinkholes or waterways the most precise methodologies will be used to minimize any and all 
overspray or drips (Gleason and Taffinder 2007). 
 

7. Rehabilitation, Restoration, and Reclamation 

All invasive species management should happen within the framework of a broader restoration plan or 
resource management plan.  This helps to ensure that the invasive species management actions are 
consistent with other considerations such as programmatic goals, the site use policy, wildfire mitigation, 
and sensitive resource values and are coordinated with other management or restoration actions.  Thus, 
active control and removal of invasive species should help further the resource management goals for 
the site and should necessitate little to no rehabilitation or repair of damage ς such as undue erosion or 
the creation of hazardous fuel loads - caused by the removal actions.   

Most natural areas respond positively to the removal of invasive species populations of low to moderate 
density and require little follow-up action aside from routine monitoring and removal of seedlings or 
resprouts.  However, some active repair may be required after the removal of high-density populations.  
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Some minor soil disturbance from heavy equipment may provide the opportunity for reseeding, or haul 
roads or trails created during the removal process may need to be stabilized and/or revegetated.  The 
seed bank and/or vegetative layer may be depauperate, which may indicate the need for reseeding or 
replanting.  Also, the opening of herbaceous or woody canopies, while often necessary as part of natural 
areas management, can release other invasive species that may need to be managed as well.    

Below are simple strategies for addressing common problems that may result from the removal of 
invasive species. 

 

¶ Address soil disturbance. Compacted soils may need to be loosened prior to seeding. Bare soils 
should be seeded or otherwise stabilized as soon as possible after disturbance to prevent erosion 
and reinvasion. In flat areas with favorable soils, stabilization may simply involve seeding.  More 
active revegetation or soil stabilization techniques such as mulching, erosion blankets, wattles, 
gabions, erosion fencing, sodding, or planting may be necessary on moderate to steep slopes, on 
erosive soils, or in areas with frequent vehicle or foot traffic. 

 
ω Appropriate native plant material should be added as seed, live plantings, or in combination. 

USDA Natural Resource Conservation Service technical guides at the statewide level are excellent 
sources of information for seeding mixtures and planting prescriptions (Hynson et al., 1982). The 
U.S. Forest Service, state foresters, and Texas A&M Agrilife extension agents can also provide 
helpful suggestions (Kochenderfer, 1970). Locally, the Grow Green guides provide a useful 
resource. In addition to selecting a seeding mixture, the seeding rate must be determined so that 
adequate soil protection can be achieved without excess cost of over-seeding. Berglund (1978) 
describes how to determine seeding rates in Seeding to Control Erosion along Forest Roads. 
 

ω Lƴ ǊƛǇŀǊƛŀƴ ŀǊŜŀǎΣ ǎǇŜŎƛŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ƎƛǾŜƴ ǘƻ ǎǇŜŎƛŜǎΩ contributions to bank stability 
and water quality. Many species found in central and southwest Texas have been given draft 
stability ratings based on their contribution to bank stability (Nelle 2009), ranging from 1 (bare 
ground) to 10 (anchored rock). Ideally, riparian areas will be dominated by plants with stability 
ratings between 6 and 9. Stability ratings of 7 or higher are considered to be optimum for bank 
stability. However, combinations of species, particularly woody species in association with grasses 
or sedges, can provide higher stabilities than reflected in individual species ratings (Nelle 2009). In 
addition to stability ratings, wetland indicator status should be considered. Riparian areas should 
contain a mix of obligate wetland (always occurs in wet areas), facultative wetland (frequently 
occur in wet areas) and facultative species (equally likely to occur in wet and non-wet areas), 
dependent on water availability. Perennial waterways can support a larger complement of 
obligate and facultative wetland species and intermittent waterways will require a higher 
proportion of facultative species. Regardless of the mix, it is important that all riparian areas 
contain some species from the facultative groups to provide stability as water availability 
fluctuates (S. Nelle pers. comm). 
 

ω Seed during optimum periods for establishment, preferably just prior to spring or fall rain seasons 
(Larse 1971). Most forbs and cool season grasses should be sown in the fall while warm season 
plants should be sown in either the  winter or early spring.  Seed mixes containing cool season and 
warm season species should be sown in the fall or early winter.  Supplemental irrigation, if 
feasible, during the establishment phase will increase germination and survival. During dormant 
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seasons, apply temporary surface stabilization methods to control surface erosion. Possible 
methods include mulching (without seeding) and erosion blankets and wattles. 
 

ω Mulch as needed to reduce rainfall impact, and conserve soil moisture (Larse 1971). 
 

ω Amend soil only as needed and as indicated by soil testing.   
 

ω Protect seeded areas from grazing, vehicle traffic, and foot traffic until plants are well-established. 
 

ω Inspect all seeded areas for failures, and make necessary adjustments.
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Section 3   

Summary of Herbicides 

Active 
Ingredient 

Trade Name 
Examples 

Ester (E) 
or Salt (S) 
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CLETHODIM Envoy Plus® E 59639-132 12.6 N Water N Ҟ      

               

            

CLOPYRALID 
Reclaim® E 62719-83 40.9 N Water N Ҟ           

Transline® E 62719-259 40.9 N Water N Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 
                           

 COPPER-
ETHANOLAMINE 

Cutrine-Plus® E 8959-10 27.9 N Water Y Ҟ   Ҟ       

               

            

FLUAZIFOP Fusilade II® E 100-1084 24.5 N Water N Ҟ   Ҟ Ҟ   Ҟ 
               

            

FLURIDONE Sonar AS® E 67690-4 41.7 N Water Y Ҟ           
               

            

GLYPHOSATE  

Accord® E 62719-324  41.5 N Water Y Ҟ           

Aquamaster® S 524-343 53.8 N Water Y Ҟ           

Enforcer Brush Killer® S 62719-226 20-30 N Water N   Ҟ   Ҟ     

Razor Pro® S 228-366 41.0 N Water N Ҟ   Ҟ Ҟ   Ҟ 

Rodeo® S 62719-324 53.8 N Water Y Ҟ           

Round-up® S 524-539 41.0 N Water N Ҟ           

Round-up Pro® S 524-475 41.0 N Water N Ҟ   Ҟ Ҟ   Ҟ 

Round-up Pro Dry® S 524-505 71.4 N Water N Ҟ   Ҟ Ҟ   Ҟ 
               

            

IMAZAMOX Clearcast® S 241-437 12.1 N Water Y Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 
               

            

IMAZAPYR 

Aresenal AC® S 241-299 53.1 N Water N Ҟ   Ҟ Ҟ Ҟ Ҟ 

Arsenal PowerLine® S 241-431 26.7 N Water N Ҟ   Ҟ Ҟ Ҟ Ҟ 

Habitat® S 241-426 27.8 N Water Y Ҟ     Ҟ Ҟ Ҟ 

Stalker® S 241-398 27.6 N Water N Ҟ Ҟ Ҟ Ҟ Ҟ Ҟ 
               

            

SETHOXYDIM 

Poast® S 7969-58 18.0 N Water N Ҟ      

Segment® S 7969-317 13.0 N Water N Ҟ      

Vantage® S 7969-88-82 13.0 N Water N Ҟ      

    

 

         

SULFOSULFURON Outrider® E 524-500 75 N Water N Ҟ     Ҟ     

               

            

TRICLOPYR 

Garlon 3A® S 62719-37 44.4 N Water Y Ҟ     Ҟ Ҟ Ҟ 

Garlon 4® E 62719-40 61.6 N Oil N Ҟ Ҟ   Ҟ     

Green Light - Tough 
Brush Killer® 

S 62719-226 8.8 N Water N Ҟ     Ҟ     

ORTHO Brush-B-Gon® S 239-2491 8 N Water N Ҟ Ҟ   Ҟ     

Pathfinder II® E 62719-176 13.6 Y Oil N   Ҟ   Ҟ     

Remedy RTU® E 62719-176 13.6 Y Oil N   Ҟ   Ҟ     

Renovate® 3 S 
62719-37-

67690 
44.4 N Water Y Ҟ  Ҟ Ҟ Ҟ Ҟ 
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Section 4   

Species Specific Information for Top 24 
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Chemical 

 

 

Cut stump treatment 
Apply herbicide mix immediately to freshly-cut stumps.  Apply with a backpack or knapsack 
sprayer or hand-held spray bottle using low pressures and a solid cone or flat fan nozzle.  Spray 
the sides of the stump and the outer portion of the cut surface, including the cambium in a 
manner that thoroughly wets the stem and root collar but not to the point of runoff.  Apply at 
any time, including winter months, except when snow or water prevents spraying to the ground 
line. If target species is mixed in with desirable woody vegetation, do NOT use imazapyr, as 
research has shown that it can translocate via roots ς defer to another listed course of action. 
 
When near water, use:  

¶ 44% a.i. (active ingredient) of an aquatic formulation of triclopyr salt in water, or 

¶ 1.8 to 2.7% a.i. of an aquatic formulation of imazapyr in water, or 

¶ 27% to 54% a.i. of an aquatic formulation of glyphosate in water 
See pg. 13, Section 2, Management Techniques, # 5 Chemical Methods, Water Quality 
Protection for more details 
 
When away from water, use: 

¶ Any of the above herbicide mixtures for use near water, or 

¶ 13% to 20% a.i. of triclopyr ester in oil, or 

¶ 1.8 to 2.7% a.i. of imazapyr in water, or 

¶ 20% to 41% a.i. of glyphosate in water 
 
 

Basal bark treatment 
On stems with smooth bark (typically less than 6 inches in diameter), apply herbicide mix to the 
basal parts of the trunk(s) to a height of 12 to 15 inches from the ground in a manner that 
thoroughly wets all sides of the lower stem(s), including the root collar area, but not to the point 
of runoff.  Apply herbicide mix with a backpack or knapsack sprayer using low pressure and a 
solid cone or flat-fan nozzle.  Apply at any time, including winter months, except when snow or 
water prevents spraying to the ground line. 
 
When near water, use:  

¶ This method is not appropriate for use near water. 

 
 

General Control Procedures for Woody Plants 

 City of Austin Invasive Species Management Plan  

May 2013 
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When away from water, use: 

¶ 13% to 20% a.i. of triclopyr ester in oil 
 
 

Frill, Hack-and-Squirt, and Injection treatment 
Using a hatchet or machete, make cuts around the trunk spaced 1-inch apart.  Apply herbicide 
mix into fresh cuts.  For best results, use an injection tool to apply 1 ml of herbicide into each cut 
spaced 3 inches completely around the trunk. 
 

¶ When near water (See p.12, Section 2), use:  

¶ 44% a.i. of an aquatic formulation of triclopyr salt in water, or 

¶ 2.7%  or 15% a.i. of an aquatic formulation of imazapyr in water (see herbicide specimen 
label for use of dilute and concentrated solutions), or 

¶ 14% to 54% a.i. of an aquatic formulation of glyphosate in water 
 
When away from water, use: 

¶ Any of the above herbicide mixtures for use near water, or 

¶ 28% a.i. of imazapyr in water, or 

¶ 41% a.i. of glyphosate in water 
 
 

Girdle treatment 
Using a hatchet, machete, or saw, make cuts through the bark and completely around the tree to 
expose the cambium and growth rings.  The cut should angle downward extending into the 
cambium.  Apply herbicide mix with a backpack or handheld sprayer into each cut until 
thoroughly wet but not to the point of runoff.   
 
When near water (See p.12, Section 2), use:  

¶ 44% a.i. of an aquatic formulation of triclopyr salt in water, or 

¶ 7% to 29% a.i. of an aquatic formulation of imazapyr in water, or 

¶ 14% to 54% a.i. of an aquatic formulation of glyphosate in water 
 
When away from water, use: 

¶ Any of the above herbicide mixtures for use near water, or 

¶ 7% to 29% a.i. of imazapyr in water, or 

¶ 20% to 41% a.i. of glyphosate in water 
 

Foliar treatment 
Foliar sprays are recommended where cut-stem applications are not practical, typically on 
herbaceous species or on woody shrubs and vines that are low-growing (less than 8 feet tall) and 
bushy with multiple stems. 
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With foliar treatment, apply herbicide mix during the growth periods for each species as 
recommended on the specimen label.  Use a backpack sprayer or a vehicle-mounted sprayer 
equipped with a solid cone or flat fan nozzle.  Covering and completely wet the blades but not to 
the point of runoff.   
 
Drift management 
Herbicide drift is a particular concern with foliar treatment.  To minimize drift: 

¶ Use course sprays produced by the lowest spray pressure to achieve uniform coverage.   

¶ Use a drift control agent in the tank mix if this function is not provided by other adjuvants 
in the herbicide product or tank mix. 

¶ Apply foliar spray only to low-growing vegetation (8 feet tall or less). 

¶ Apply herbicide only when eye-level wind speed is low.  However, to minimize applicator 
exposure to wind-blown herbicide, ensure that the wind direction is stable, which 
typically occurs with winds over 3 mph.  Thus, foliar sprays are most safely applied when 
eye-level wind speeds are between 3 and 10 mph with stable direction away from 
sensitive receptors such as private property or public use areas where access is not 
restricted. 

 
Recommended herbicides 
See Management Techniques for each species. 
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Identification 

Tree of heaven is a fast-growing, 
deciduous tree in the mostly 
tropical quassia family 
(Simaroubaceae). Reaching 80 feet 
or more in height, Ailanthus has 
pale gray, smooth bark with small 
bumps on 
younger 
branches. 
Twigs are 
light tan-
brown. 
Leaves are 
large and 
compound, 
growing up 
to 4 feet in 
length, and 
are 
composed of 
11-25 
alternate 
smaller leaflets. Each leaflet has 
one or more glandular teeth under 
lobes on lower margin. In late 
spring, clusters of small, yellow-
green flowers appear near the tips 
of branches. Seeds are produced 

on female trees in late summer to 
early fall in pinkish, twisted, 
papery fruits called samaras, which 
may remain on the trees through 
winter months. All parts of the 
tree emit a strong, nutty odor 

when bruised. Correct 
identification of ailanthus is 
essential. Several native shrubs, 
like sumacs, and trees, like ash, 
black walnut and pecan, can be 
confused with ailanthus. 

 

Biology & Spread 

Tree of heaven reproduces by seed as 
well as through vegetative sprouting. 
The species is dioecious, having male 
and female flowering on separate 
trees, with blooms late in spring. 
Samaras exist in large clusters 
September through October, and may 

persist on the tree through the 
following winter. An individual tree 
can produce hundreds of thousands of 
seeds per year, which are dispersed 
via wind and water. Established trees 
produce numerous sprouts from the 
roots, cut stumps and root fragments. 

Characteristic Features:  
ω DǊƻǿǎ ǳǇ ǘƻ ул Ŧǘ ƻǊ ƳƻǊŜ 
ω {Ƴŀƭƭ ȅŜƭƭƻǿ-green flowers in 

spring 
ω DǊŀȅ ōŀǊƪ 
ω [ŀǊƎŜ ŎƻƳǇƻǳƴŘ ƭŜŀǾŜǎ 
ω [ŜŀǾŜǎ ǳǇ ǘƻ пŦǘ ƭƻƴƎ 
ω !ƭǘŜǊƴŀǘŜ ƭŜŀŦƭŜǘǎ 
ω {ƳƻƻǘƘ ǎǘŜƳǎ 

 
 
 
 
 
 

 
Other Aliases: 
ω Ailanthus glandulosa 
ω /ƘƛƴŜǎŜ ǎǳƳŀŎ 
ω ǎǘƛƴƪƛƴƎ ǎǳƳac 

 
 
 
 
 
 
 
 
 

 
Habitat Zones: 
ω /ƻƳƳƻƴ ƛƴ ǿƻƻŘŜŘ ŀǊŜŀǎΣ 
overtakes native growth 
ω 5ƛǎǘǳǊōŜŘ ŀǊŜŀǎ 
ω {ǘǊŜŀƳ ŎƘŀƴƴŜƭǎ 

 

K. Cook 

 

Ailanthus altissima 

tree of heaven 
 

 City of Austin Invasive Species Management Plan Fact Sheet Series 

Date of Publication: 

September 2011 

For more information visit: 

www.texasinvasives.org 
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Ecological Threats 

 
Tree of Heaven is a prolific seed 
producer, and grows rapidly enough to 
form thick stands that take over native 
vegetation. 
Root sprouting 
makes physical 
control of 
adult trees 
extremely 
difficult. Root 
sprouting 
produces 
multiple plants 
in one 
location, and 
creates an aggressive root system that 
can damage sewers and foundations. 

While intolerant to shade and flooding, it 
is drought and pollution tolerant. 
Ailanthus is allelopathic, meaning it 

produces toxins that prevent the 
establishment of other plant species. 

 

Management Strategies/ Control 
 

This woody species exhibits root 
sprouting characteristics and is treated 
using a combination of cultural, physical 
and chemical methods. Where feasible, 
individual trees will be cut and their 
stumps will receive herbicide applications 
within five minutes of the initial cut. For 
larger individuals located in areas with 
minimal foot-traffic, trees can be girdled 
and the exposed cambium will receive 
herbicide application. Basal applications 
of herbicide may also be used on trees 
with smooth bark, away from water. In, 
or near water, the preferred treatment is 
cut stump or frill/girdle application of an 
aquatic formulated herbicide. Follow-up 

treatments may be required to control 
root sprouts before an effective level of 
control is reached. On sites which contain 
extensive stands of mature tree of heaven 
special considerations for accelerated post 
treatment soil erosion should be included 
when planning treatment. 
Herbicide should not be applied when 
rainfall is expected within 48 hours or 
when winds exceed 10 miles per hour. 
Follow departmental requirements for 
control near water bodies. In general, 
avoid chemical control near water bodies 
when feasible. When chemical control is 
warranted near water bodies, ALWAYS use 
chemicals formulated for aquatic use.

C. Johnson 

Weed Risk Assessment Summary 
 

Ailanthus altissima 
 of Austin Invasive Species 
Management Plan 

Rating Alert  Impact  Invasiveness  Distribution  Doc. 

Moderate No B B A 3.08 
 

Comments:  

   Rating Alert Scores Documentation 

1=High Y=Yes A=Severe 4 = Reviewed scientific publications 

2=Moderate N=No B=Moderate 3 = Other published material 

3=Limited 

 

C=Limited 2 = Observational 

4=Evaluated, 

 

D-None 1 = Anecdotal 

not listed 

 

U=Unknown 0 = No information 

History: 

Tree of heaven was first 
introduced to America as an 
ornamental in 1784, and by 
1840 was commonly available 
from nurseries. It has a long 
cultural history in Asia, and 
seeds were again introduced by 
Chinese immigrants in the mid-
nineteenth century. 
 
 

 

V. Adams 

 

Management Protocol Sheet 

C. Johnson 
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Introduction 

 
This woody species exhibits root 
sprouting characteristics and is 
treated using a combination of 
cultural, physical and chemical 
methods. Where feasible, 
individual trees will be cut and 
their stumps will receive herbicide 
applications within five minutes of 
the initial cut. For larger 
individuals located in areas with 
minimal foot-traffic, trees can be 
girdled and the exposed cambium 
will receive herbicide application. 
Basal applications of herbicide may 
also be used on trees with smooth 
bark, away from water. In, or near 
water, the preferred treatment is 
cut stump or frill/girdle application 
of an appropriate herbicide. 
Herbicide application can be done 
using a directed spray on stumps, 

girdling wounds, injection, or as a 
basal application. Follow-up 
treatments may be required to 
control root sprouts before an 
effective level of control is 
reached. On sites which contain 
extensive stands of mature tree of 
heaven, special considerations for 
accelerated post treatment soil 
erosion should be included when 
planning treatment.  
 
Herbicide should not be applied 
when rainfall is expected within 48 
hours or when winds exceed 10 
miles per hour. Follow 
departmental requirements for 
control near water bodies. In 
general, avoid chemical control 
near water bodies when feasible. 
When chemical control is 

warranted near water bodies, 
ALWAYS use chemicals formulated 
for aquatic use. See p.13, Section 2 
ŦƻǊ άƴŜŀǊ ǿŀǘŜǊέ ŘŜŦƛƴƛǘƛƻƴǎ ŀƴŘ 
information on water quality.   
 
Restoration of soil and vegetation 
and follow-up monitoring, are 
necessary following treatment, 
especially when soil is left bare, to 
prevent re-infestation.  
Restoration is site specific, but in 
general the two basic steps are 
addressing soil damage and 
reintroducing appropriate native 
species through seeding or 
replanting. If the area cannot be 
immediately reseeded or 
replanted, it should be mulched, or 
otherwise protected, to reduce soil 
erosion and further invasion. 

 

General Control Procedures 
 

Trees 
 
Physical ς There is no effective physical 
control for mature tree of Heaven. 
 
Chemical ς See General Chemical Control 
Procedures for Woody Plants (p.21).  
Caution is advised with cut surface 
treatments (cut stump, frill, girdle, and 
hack-and-squirt applications).  Failure with 
cut surface treatments on tree of heaven 
can stimulate vigorous root sprouting.  
Either basal bark treatment or concentrate 
herbicide solutions with cut surface 
treatments are recommended.  Also with 
cut surface treatments, take special care 

to apply herbicide immediately after 
cutting to ensure optimal effectiveness. 
 
 

Saplings 
 
Physical - Manually pull saplings by hand 
or with a weed wrench, ensuring complete 
removal of the root.  For best results, pull 
saplings when soil is moist.  
 
 
Chemical - See General Chemical Control 
Procedures for Woody Plants (p.21).   
 
 
 

Sprouts and seedlings 
 
Cultural ς Maintain full vegetative cover.  
Prevent soil disturbance.  Mulch and/or re-
vegetate bare soils to prevent seed 
germination.   
 
Physical ς Manually pull seedlings by 
hand, ensuring complete removal of the 
root.  For best results, pull seedlings when 
soil is moist.   
 
Chemical ς Chemical treatment is not 
recommended for tree seedlings.  Most 
tree seedlings will not advance to the 
sapling stage.  

 
 
Ailanthus altissima 
Tree of heaven 
 

City of Austin Invasive Species Management Plan Management Protocol Sheet 
 

Date of Publication: 
September 2011 
 

For more information visit: 
www.texasinvasives.org 
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Identification 

Paper mulberry is a deciduous, 
leafy tree growing up to 50 ft. 
in height. Both leaves and twigs 
are pubescent, while bark is tan 
and only slightly furrowed. 
Leaves are alternate or whorled 
along the stem, and can be 
lobed or mitten-shaped. The 
upper leaf surface is rough to 
the touch, and margins are 
sharply toothed ς more so than 
the native red mulberry. Milky 
sap will leak from cut twigs or 
wood. Paper mulberry is 
dioecious, with male and 
female flowers blooming on 
separate trees in the spring. 
Male flower clusters appear as 
2-3 in. long, dangling yellowish 
spikes. Female flowers are inch 
wide, spherical flower clusters 
that bear round, reddish 
orange fruits in summer. Paper 
mulberry may be confused with 
the exotic white mulberry as well 
as native trees such as red 

mulberry, sassafras, basswood, 
and white poplar. 

 

Biology & Spread 

Paper mulberry spreads both 
vegetatively through local root 

sprouting and through seed via 
birds and other wildlife vectors. 

C. Johnson 

Characteristic Features:  
- grows up to 50 feet 
- fruit and seeds: July to August 
- flowers: April to May 
- deciduous large shrub or tree 
- leaves: rough and fuzzy, velvety 
underneath 

 
 
 

 
Other Aliases: 
Å Morus papyrifera 
Å Papyrius papyriferus 

 
 
 

 
Habitat: 
ω {ƻǳǘƘŜǊƴ bŜǿ 9ƴƎƭŀƴŘ ǎƻǳǘƘ ǘƻ 

Florida and west to Texas 
ω CƻǊŜǎǘǎ ŀƴŘ ŜŘƎŜǎ 
ω aŜŀŘƻǿǎ 
ω CƭƻƻŘǇƭŀƛƴǎ 
ω 5ƛǎǘǳǊōŜŘ ŀǊŜŀǎ  
 

 
C. Johnson 

 

 

Broussonetia papyrifera 

paper mulberry 
 

 City of Austin Invasive Species Management Plan Fact Sheet Series 

Date of Publication: 

September 2011 

For more information visit: 

www.texasinvasives.org 

B. Sanford 
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Ecological Threats 

 

Paper 
mulberry 
quickly and 
aggressively 
invades 
disturbed 
lands, 
forming 
dense 
thickets that 
displace native vegetation and 
block sun from groundcover 
plants. Its shallow root system 

provides poor anchor for the tree 
during high winds, making it 
susceptible to being blown over. 

 

Management Strategies/ Control 
 

This woody species exhibits root 
sprouting characteristics and is 
treated using a combination of 
mechanical and chemical methods. 
Where feasible, individual trees will be 
cut and their stumps will receive 
herbicide applications within five 
minutes of the initial cut. For larger 
individuals located in areas with 
minimal foot-traffic, trees can be 
girdled and the exposed cambium will 
receive herbicide application. Basal 
applications of herbicide may also be 
used on trees with smooth bark, away 
from water. In or near water, the 
preferred treatment is cut stump or 
frill/ girdle application of an 

appropriate herbicide. Herbicide 
application can be done using a 
directed spray on stumps, girdling 
wounds or as a basal application. 
Follow-up treatments may be required 
to control root sprouts before an 
effective level of control is reached.  
Herbicide should not be applied when 
rainfall is expected within 48 hours or 
when winds exceed 10 miles per hour. 
Follow departmental requirements for 
control near water bodies. In general, 
avoid chemical control near water 
bodies when feasible. When chemical 
control is warranted near water 
bodies, ALWAYS use chemicals 
formulated for aquatic use.

B. Sanford 

Weed Risk Assessment Summary 
 

Broussonetia 
papyrifera Rating Alert  Impact  Invasiveness  Distribution  Doc. 

Moderate No B B A 2.16 

Comments:  

Rating Alert Scores Documentation 

1=High Y=Yes A=Severe 4 = Reviewed scientific publications 

2=Moderate N=No B=Moderate 3 = Other published material 

3=Limited 

 
C=Limited 2 = Observational 

4=Evaluated, D-None 1 = Anecdotal 
not listed 

 
U=Unknown 0 = No information 

History: 

The tree was introduced in 
ǘƘŜ мтллΩǎ ŦǊƻƳ WŀǇŀƴ ŀƴŘ 
China and known to Florida 
as early as 1903 as it was 
widely planted throughout 
the Southeast as an 
ornamental and shade tree 
around dwellings. The inner 
bark has been used from 
ancient times by the Chinese 
as a source of fibrous paper 
and Pacific cultures used it to 
make bark cloth. 
 

 
M. Sallee 

 

Management Protocol Sheet 

B. Sanford 
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Introduction 
 

This woody species exhibits root 
sprouting characteristics and is 
treated using a combination of 
mechanical and chemical methods. 
Where feasible, individual trees 
will be cut and their stumps will 
receive herbicide applications 
within five minutes of the initial 
cut. For larger individuals located 
in areas with minimal foot-traffic, 
trees can be girdled and the 
exposed cambium will receive 
herbicide application. Basal 
applications of herbicide may also 
be used on trees with smooth 
bark, away from water. In, or near 
water, the preferred treatment is 
cut stump or frill/girdle application 
of an appropriate herbicide. 

Herbicide application can be done 
using a directed spray on stumps, 
girdling wounds, injection or as a 
basal application. Follow-up 
treatments may be required to 
control root sprouts before an 
effective level of control is 
reached.  
 
Herbicide should not be applied 
when rainfall is expected within 48 
hours or when winds exceed 10 
miles per hour. Follow 
departmental requirements for 
control near water bodies. In 
general, avoid chemical control 
near water bodies when feasible. 
When chemical control is 
warranted near water bodies, 

ALWAYS use chemicals formulated 
for aquatic use. See p.13, Section 2 
ŦƻǊ άƴŜŀǊ ǿŀǘŜǊέ ŘŜŦƛƴƛǘƛƻƴǎ ŀƴŘ 
information on water quality. 
 
Restoration of soil and vegetation 
and follow-up monitoring, are 
necessary following treatment, 
especially when soil is left bare, to 
prevent re-infestation. Restoration 
is site specific, but in general the 
two basic steps are addressing soil 
damage and reintroducing 
appropriate native species through 
seeding or replanting. If the area 
cannot be immediately reseeded 
or replanted, it should be mulched 
or otherwise protected, to reduce 
soil erosion and further invasion. 

 

General Control Procedures 
 

Trees 
 
Physical ς There is no effective 
physical control for mature paper 
mulberry. 
 
Chemical ς See General Chemical 
Control Procedures for Woody 
Plants (p.21).   
 
Saplings 
 
Physical - Manually pull saplings by 
hand or with a weed wrench, 

ensuring complete removal of the 
root.  For best results, pull saplings 
when soil is moist.  
 
Chemical - See General Chemical 
Control Procedures for Woody 
Plants (p.21).   
 
 
Sprouts and seedlings 

 
Cultural ς Maintain full vegetative 
cover.  Prevent soil disturbance.  

Mulch and/or re-vegetate bare 
soils to prevent seed germination.   
 
Physical ς Manually pull seedlings 
by hand, ensuring complete 
removal of the root.  For best 
results, pull seedlings when soil is 
moist.   
 
Chemical ς Chemical treatment is 
not recommended for tree 
seedlings.  Most tree seedlings will 
not advance to the sapling stage.  

 
 
Broussonetia papyrifera 
paper mulberry 
 

City of Austin Invasive Species Management Plan Management Protocol Sheet 
 

Date of Publication: 
September 2011 
 

For more information visit: 
www.texasinvasives.org 
































































































































































