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Introduction

Stewardship to protect and restore natural lands across California relies on the effective control of
invasive species. Invasive plants are plant species introduced into the state that have spread extensively
and are now causing environmental and econodamage. They represent only a small percentage of

the many species that have been purposefully or inadvertently introduced to California, but they do a
disproportionate amount of harm. Working to control them is essential to stopping their spread and
redudng their impact.

For generations, land managers, volunteer land stewards, avid home gardeners, and agriculturalists
have been learning techniques from one another to effectively and efficiently control different kinds of
weeds in different environmentglnvasive plants are considered weedsnwanted plants and we use
the terms interchangeably here.) The audience for this report is land management practitioners
stewarding wildland habitats (both professional and volunteer), and the focus is on Best Maatege
Practices (BMPs) for employing these techniques for controlling weeds.

There are many ways to control invasive plants. Effective invasive plant control often requires combining
multiple tools and techniques to address all life stages and include®ptien practices to stop further

introductions and spread. This is called Integrated Pest Management, or IPM, and is focused ultimately

on ecosystem heath. The BMPs in this guide provide information on a range of approaches that can be

used alone or in aobination to control weeds. These BMPs are part of a larger collaborative project by

GKS /FTEAT2NYAL LYy@FaagdsS ttlyld /2dzyOAt Ay O2ftfl 062N
and Natural Resources (UC ANR) with funding from the GadifDepartment of Pesticide Regulation. In

addition to compiling these BMPs, the project will build an online decision support tool to help land
managemenpractitioners assess and choose agitemical weed control approaches for their specific

realworld dtuations.

Practitoners, policy makerand the public are concerned about the consequences of pesticide
applications, including herbicides. While herbicides are an important tool in the IPM toolbox, interest
has grown in understanding what can be accostd without using herbicides, using rohemical

methods only. This set of BMPs covers that ground. Though many of the techniques described here are
often used in combination with herbicides for maximum efficacy, the focus here is on using non
chemical méhods exclusively.

The information presented here is based on contributions from practitioners across the state. This
expert knowledge is invaluable, though certainly incomplete as well. The field continues to evolve, and
while there is a deep literature on weed control, nhuaf the applicable information still comes from the
collective experience of fellow land managers.

The information in this guide is organized into sections based on similarities in the certain techniques
either how they are applied or how they controheeed. We cover:

1 Removing whole plantsthis includesrarious methodsll designed to help remove an entire
plant, or as much of it that you can get fopm the ground.

1 Controlling plants by cuttingthere are many ways to sever plant stems, from sawiogn a
tree to mowing grass with a string cutter, and these can be used to suppress weed growth or to
fully control weeds by exhausting their energy stores (typically with repeated cutting).

1 Controlling plants in placesome treatment approaches can dageweeds effectively without
removing them. Flaming and steaming do this by applying heat, and girdling does it by cutting
off the circulation of phloem in a woody plant.

BMPs for NotChemical Weed Control



1 Covering plants with sheet barrietsvhether using tarps or mulch, placing a phgsigarrier on
the ground can stop weed growth. Using clear tarping to trap heat can solarize weeds.

1 Controlling plants at the community scaj¢here are a family of techniques that work at the
scale of the entire vegetation community, including burnimgzang, competitive planting, and
soil cultivation (such as plowing).

9 Biological controlg, finally there is the research, permitting and release of insects or pathogens
from the home range of a particular weed species that will damage it without harotivey
plants.

These techniques provide a wide range of options for the land manager to choose from, depending on

the weed to be controlled, the site to be worked on, and the particular circumstances of the effort.

While the list of techniques covered istrexhaustive it does represent thosen-chemical approaches
O2yaARSNBR Y2ald SFFSOGAO®S o0& LINIOUGAGA2YSNA® . at a
FAYa (2 FdzEf £ & NBY N aréafBe téchnifjirecan alsdyielusddifor Weed
WdzLILINS &2aA2yYQ AY g KA Cokerofiwe&land thurs partiallit reduc itshNdadR dz0OS (G K S
¢CKS . at F2NJ SIFOK GSOKyAljdzS AyOfdzRSa |y 20SNUASG:
with other techniques, conditions under which iteispecially effective (and ineffective), and a rating of

relative risks to tool operators and natural and cultural resources. General risks associated with the
outdoors, such as heat exhaustion, sun burn, poison oak, biting/stinging insects, snakeseetot,

specifically called out; practitioners should be aware of proper safety protocol and personal protective
equipment (PPE).

An online @cision support tool that organize®n-chemical tehniques by theiefficacyfor specific
plant and sitecharacterists is under developmewtth input from all norchemical techniques authors.

The collected expertise in this guide provides a foundation for land managers and others to understand
the strengths and weaknesses of different approaches, with td# of implementing effective

stewardship programs. In the spirit continuing to grow this type of information base we encourage land
managers to take opportunities to share their experiences and learn from each other.

Key References for Weed Control inli@ania

Specific references are listed for each BMP. Several more general references bear listing here as
overarching resources for these approaches:

I The CalPC websitevfww.catipc.org containdinks to
0 Assessmergtandmanagement notes for 20dvasive species
0o Adownloadable versiondhe2 SSR 2 2NJ SNEQ | F yRo22]
0 Training videos, includingrinciples of Weed Contrdlechniques for Controlling Woody
Plants Overview of Manual Weed Management ToalsdTool Beltsincluding
excellent practical insight from Ken Moore, a wildland weed warrior icon in California.
1 The Weed Research & Information Center at U.C. Diawiss(//wric.ucdavis.edu) compiles
research on control approaches for individual weed spe@8pscifically, th reference manual
Weed Control in Natural Areas in the Western United Statesmprehensive manudly
I TEAFT2NYALF QA LINARYASNI ¢SS Rutiodthdgompiles i > 5N W2S 5
recommended norchemical and chemical control methods for 340 weeds
T Ly@Fairo@dsS ttlFyda 20F IFdeAt RASF 20Ny AlFKORR &2 0AH RS tay Rea2SNEA
how to remove them by Dr. Carla Bossard andugthors.
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1. Removing WHe Plants

Removing whole plants encompasses a wide variety of toudstechniques that are designed to
remove entire plants, roots and allhen possibleso that they cannot regrow and reproduce. This
section includes the following BMPs:

1 Manual remova(whole plant removalith hand tool3
Grubbing with hoes

Scuffe hoeing

Severing roots

Whole plant removal with large equipment

=A =4 =4 =4
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1.1 Manual Removal

1.1 Manual Removal

Lead author Travis Bean
Coauthors: Jutta BurgerPete Frye, Rachel Kesel, Marla Knifiatn Lubin, Shani Pynn

Additional contributors John KennyJdoan Miller, Tom ReygSusan Schwartz

Overview:

Manual removal of weedy hand or using hand too{sereafter referred to as manual removéas)one

of the most common techniques used across the sta@itee goal of this technique is to remove entire

plants, including their roots, to the point where they cannot resprout. Manual removal is not
recommended dr species that can regenerate from vegetative structures left behind underground.
Weed species that reproduce only by seed are generally easier to control with manual removal than are
weed species that can reproduce vegetatively.

Weeds are removed Ipulling or digging up thelantfrom the soil. Using a tool ofteprovides a better

grip on the plant or providea fulcrum to leverage thplantand rootsout of the soil.This technique is

used by both volunteers and professionals and is often the bestchemical method to eliminate

nascent weed populations as they are discovered. Manual removal can be veratichborintensive

and therefore more costly compared to other techniques, especially in the absence of volunteer labor.

Lightweight, lowtechtools needed for using this approach on small plants can be carried to remote

areas without road access or areas that are too steep for livestock grazing, though steeper areas require
more experienced workers for safety reasons. Larger, heavier toolsydi&e wrenches, are needed for
larger plants. Examples of tools commonly employed in manual removal include:

9 Your hand

9 Dandelion/forked weeder

1 Digging bar

1 Garden fork/spading fork

9 Horihori soil knife

T [AYySYlIyQa L} ASNXE

1 Mattock/Pulaski/pickaxe

1 Shovel/trenching shovel/sharpshooter shovel
1 Weed wrench

9 Chain and winch

Which tool you select can make a big difference in how successfully you can control a species. There are
many tools to choose fronBeyond just using your hand to pull a planfee of the mostpopular are
described below.

A dandelion or forked weeder is a popular weeding tool for smaller, herbaceousnvooady) species
with a tap root in loose soil. It is inserted into the soil and used to pry out the taproot (it is less useful for
plants withfibrous or spreading rootsp horihori soil knife isalsovery helpful for removing smaller

BMPs for NotChemical Weed Control



1.1 Manual Removal

plants without breaking them at their base. This tool can be used to dig out smaller weeds or to sever

the shoot from the root (see Subsurface Severing BMjrden or spading fork can be used to remove

plants with fibrous root systems such as bunchgrasses, or even shrubs with limited, shallow root balls
6ftA1S LIXFYGSR 2NYFYSyidlftao FyR ¢g2N)la o0Sad gAGK f
field workers to provide extra grip for pulling plants with sturdy stalks in drier soils (e.g., removing

individual bolting starthistle or knapweed plants).

Shovels, trenching shovels, and sharpshooter shovels are some of the most commonly used hand tools
for manual removal of larger plants and shrubs. They are especially useful in providing extra cutting and
prying power needed to remove perennials with more developed roots under loose or moist soil
conditions. A digging bar can be used to remove plants frdoblgoor rocky soils where shovels or
lighter-duty tools cannot penetrate the soil surface. These bars can be shortened in a machine shop to
reduce weight for controlling populations that required extended hiking to access. The long form is a
heavyduty tod that provides more leverage but can more easily injure the user or other workers if
proper attention to the tool and surroundings are not observed. A mattock, pickaxe or Pulaski can be
used to pry out larger perennial bunchgrasses like fountaingrasspasgnass, or jubatgrass, or large
perennial herbaceous species like fennel. These tools are most effective for removing species with
shallow root systems in drier soils but can also take out some more dezgtlyd plants.

The weed wrench is useful faprooting shrubs or small trees like broom species and privet. It works
best when a main stem is accessible at ground level. Larger woody weeds can be often be pulled from
the ground (especially in moist sail§ing a chain that is securely wrapped around the main stem and
attached to a handvinch that is secured to a much larger tree nearby. Caution should be taken by
standing clear to a distance greater than the length of the chain in case it breaks as @issgylied.

How to Use:

Manual removal can be effective for annuals, biennials, and perennials and works best under moist soil
conditions. This section will not provide exact prescriptions for how to use tools but will provide
guidance on how to seletbols for specific envonments and types of plantsiriing of manual removal

is key and should occur before seed set and, most importantly, seed release.

Annual forbs can be pulled by hand or with hand tools, though many herbaceous species with fleshy

(e.g., sowthistle) are prone to breaking off when being pulled, resulting in incomplete removal. Make

sure to grab plants at their base when pulling and to assist with a digging tool if a plant is prone to

breaking off. For fibroustemmed plants, tryusing A Yy SY I y Q& L)X ASNAR (G2 AYLINRGZS
can be removed when young with a garden fork or, more efficiently, by hoeing (see BMP for Stirrup and
Scuffle Hoes).

Perennial bunchgrasses can be removed effectively with a pickaxe, mattock, oi Puaskis taken to
remove all tillers. This technique is counterproductive for-gmthing species when sod cannot be
entirely removed.

Perennial shrubs, trees, and vire® more difficult to remove as whole plants and should be targeted
as young plats or seedlings. Weed wrenches can be used for older, woody plants. Clear obstructions
away from the basef the plant in order to secufg fasten the jaws to the main stem at ground level

BMPs for NotChemical Weed Control
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and provide room for pulling back on the tool. Older perennialelaere developed root systems that
can resprout if not completely removed. Vines should not be removed by digging or pulling unless all
roots and stem pieces can be removed.

Seed bank longevity of target species does not generally affect success ottimigjtes if control

efforts are maintained consistently over multiple, consecutive years. In California, weeds that germinate
in the winter can be more challenging to remove selectively than those that germinate in the warm
season because the majority oftiee species also germinate in the cooler fall, winter, and spring

months, making selective removal more difficult. Neither seed production nor flowering season have
much of an effect on how well manual removal works, but a prolonged flowering periotieal that

more effort will be required to achieve effective control through multiple rounds of removal.

Manual removal becomes dramatically less practical as the patch size to control becomes larger. This
can be somewhat mitigated by having a large laboce and multiple, consecutive years of consistent
control.

Manual removal can be very effective for weed populations that are a considerable distance from roads,
but this also assumes smaller areas of infestation due to logistical constraints of travel and
transportation of tools, water, and safety gear for workeYWeed populations in steeper terrain are not
well-suited for this technique due to erosion concerns created by forcibly removing roots. Worker safety
is also a concern in this scenario, though in certain cases small or scattered populations can bd target
if safe access is available.

Smooth and cobbly soils generally do not impede manual tool removal, but rocky soils can sometimes
prevent complete removal of underground structures. Weeds can be easier to remove in muddy soils,
but access may be more fiiifult and damage to habitat may be an issue. Plants may also readdgtre

if left on the surface of muddy soils. This is also true for marsh and wetland habitats where muddy soils
are common.

Density of a targeted invasive plant should not impactafeness of manual removal, but higher
target plant densities will require more intensive control efforts as individuals are less likely to be
detected by workers. For native plant cover, there is a trade off with higher cover providing more
potential to outcompete weeds following control, while also increasing the chance otarget
damage and reducing detectability of target plants.

Special Tips:
Fill in holesreated by manual removal both to minimize regrowth of root fragments left behind from
incomplete removal and to mitigate soil disturbance.

If plants are pulled at flowering and during seed set, seeds may still be viable. Collect and transport (or
mulch in sealed bags on site) any plant material that may mature seed. If material is being tiethspo

from a site, use heavy duty garbage bags to avoid spreading seed along access routes. In backcountry
areas where removal of materials is impractical, plants can be stacked in pyramids with roots upward to
ensure that roots dry out. It may alsoake iteasier to relocate previously treated areas for follay

work in the future.
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When using a weed wrench to remove a large woody plant from moist soil, place a flat piece of metal or
strong wood under the fulcrum to keep it from sinking into the soil. Asey be useful for removing

the upper part of the plant in order to access the main stem for removing the roots. Be sure to leave
sufficient stem for grabbing with the weed wrench and your hands, generally two feet.

A leaf or garden rake can be used tdlect large seeds (e.g., from goatgrass) or grass thatch (e.g. from
bromes or medusahead) for disposal. Raking with a fimeth rake can be used to remove pieces of
sprawling or vining weeds like English ivy.

Optimal Conditions for Use:

Optimal conditims for manual control techniques include a wtedlined and consistent labor source,

easy site access, moist soils, flat to moderate slopes, small target populations, weed species that are
annual or biennial or young perennials with lees/eloped root syiems, species that cannot resprout
from vegetative fragments, and species that have gone to seed. Manual removal cgpebalbg useful
when finescaleselectivity is required due to the presence of cultural artifacts or rare species of plants
or animals

Caveats:

Do not use manual removal methods for any species that is a prolific resprouter from underground
structures (e.g., Japanese knotweed) unless that species can be entirely removed both aboveground and
belowground from a site. Attempts at manuaimoval can make the problem worse. Disturbance from
digging can also flush the existing seedbank of a weed, which is a detriment if left untreated but can also
be used as a strategy for certain species to remove future generations of plants.

Potential Hazards to Humans, Environment, and Cultural Resources

Human hazardd.owmoderate risk. There is an inherent risk of human injury in using hand tools due to
potential injury from heavy or sharp tools and the presence of large numbers of potentially

inexperienced workers. Risks can be exacerbated when working in certafiois; such as roadsides

where vehicle hazards are present, and rough terrain or extended hikes where the potential for injury
during foot travel is increased. Repetitive stress injury and back strain is also possible from extended use
of hand tools.

Culural resourcesLowmoderate risk. Work can be sited accurately to avoid known cultural artifacts.
However, soil disturbance associated with manual removal, especially when tools are employed, still has
potential to damage sensitive cultural resources.

Haltat. Low-moderate risk. In thick cover with limited visibility of the soil surface, there is a higher risk
of damage to nottarget plant and animal species. Also, the risk thaed/ workers can track or move
weed seeds and soil pathogens on clothing, $pahd boots is higher than for some other techniques
due to the close physical interaction with target plants. Larger crew sizes associated with manual
removal activities increase risk.
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Sensitive speciesowmoderate risk. Take note of and avoid nestargmal species and sensitive plant
species.

ErosionLowmoderate risk. If soil is disturbed by plant removal, then there is a risk of erosion. Erosion
risk is higher on steeper slopes. Fill in holes left from root removal and cover exposed soil suitfaces w
litter or other plant material to minimize erosion. Level of erosion is directly correlated with density of
the target population being removed.

Other NonChemical Methods to Combine With

Manual removal can be combined with any other weed controhtegue. The flush of weed seed
emergence following soil disturbance associated with this technique may be particularly well suited to
control with methods that are effective and efficient at killing seedlings, thereby killing two generations
of weeds in aingle season. Manual removal can also be useful following-ta@e activities or less
selective technigues like mowing or broadcast herbicide application to remove late emerging individuals
and resprouts.

Large mmpasgrassand jubatagrassplantscanbe successfullgemovedby using a combination of

manual removaénd other cutting toolsFirst cut grass down to a low height with a brush cutter. Then
cut a grid pattern vertically into the base of the plant through the root mass in the soil with either
chainsawreciprocating saw (see Chainsawing BMPRulaskicreating manageablgized grid cells.
Finally use a mattock to pry out individual grid squares of grass. Flip so that roots are facing up to dry
roots and eliminate reestablishment.

WhenNot to Use

Manual removal should not be employed on large weed populations where control is unsustainable or
on species with extensive root systems or underground vegetative reproductive structures. It should not
be used on plants that are alreadispersing seeds unless seeds can be contained or unless there is
already a large soil seed bank.
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Photographs:

b 4}

Two common tools for used for whole plant removal. Left: Soil knife or hori hori (Photo credie@aRight:
forked weeder Photeredit: Jutta Burger.

Two maodifications of common digging tools. Léfttorked weeder on a pole to improve weeding ergonomics
Photo credit: Jutta BurgeRight:A dgging barshortened and sharpened to serve as a handy weeBboto credit:
MarlaKnight.
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Whole plant removal sequence for mature artichoke thistle using a pickaxe. Note massive root structure and large
hole that wasdugto excavate the root. This technique is not recommended for undisturbed habitat because of the
degree of disturbace that it causes. Photo credit: Dave Wilson.

trash bin for plant material to safely dispose of seeds. Photo credit: Dave Wilson.
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Manual removal tools for shrubs. Left: Sharpshooter shovel (Photo credit: Dana Morawitz). Right: Weed wrench
Photo credit: CalPC.

Ken Moore v4 1

Demonstration of how to cut a jubata or pampas grass and remove it in wedges with a Pulaski. Video courtesy of
Ken Moore.
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1.2 Grubbing witiHoes

Lead author Christopher McDonald
Coauthors:None
Additional contributors Phillip CramerHenry DiRocco, Aaron Echols

Overview:

Hoesare hand tools that have been used in agriculture for at least 4,000 years. As they have been in use
for thousands of yearandacross numerous agricultural civilizatipasvariety of hoe blades, handle

types, and names for the tool have been developed. In gengrabdern hoe consists of a wooden

handle generally 4 feet long and a wideflat metal blade thais perpendicular to the shaft. Usually the
blade is rectangular ishape, although many different blade shapes have been developed, from

triangular, to more roundedand heartshapedto long and thinto ones where the blade has been

divided into tines, ke a fork hoe

The grub hoe is the most commonly used hoe type for land managers. It isaisatlinto the soil in

order to cut weed roots below the soil surface. When pulling or lifting the stafin also be usetb

turn over the soiaround aweed, uplifting some of its rooté\ grub hoe is operated by lifting the shaft

and swinging the blade into the groupsb the blade penetrates the soil and severs weed roots or

stems Grub hoes are best used on herbaceous annual weeds with a single centrahd smalto
mediumsized annual grasses. They can also be used effectively on perennials that have limited
resprouting ability or that can be severed below the root crown from which they resprout. This tool does
not work well on large woody plantbut it can be used to chop through small woody plants and
seedlings.

Grub hoes are most useful for ledensity weed infestations or for early detection and rapid response
(EDRR) situations. A land manager can work stoatiediumsized weed patches bafe tiring.

Generally, only small areas, such as several thousand square feet, can be managed with a hoe in a
reasonable time with one or a few peopldoes should be used where some soil disturbance can be
tolerated.

This technique is used by land manageand volunteer groups in a wide variety of habitats. Hoes are
lightweight enough to be easily carried long distances to a worksite. Many varieties of hoe types exist
and a specialized hoe blade can be used for a specific job or habitat. Grub hoestarelyela

inexpensive. Maintenance and upkeep are mostly limited to keeping the hoe blade sharp and ensuring
the blade is secured to the shaft.

How to Use:

The wide variety of blade types can alter the specific use and effectiveness of a hoe. This sketain wi

cover all the dozens of different blade types. Note that most garden hoes available in residential garden
FYR K2YS AYLINR@GSYSyid ai2NBa oltaz2 1y2¢6y la aRNI g
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in soft soil for planting seeds and are mwtardy enough for field workThe grub hoe tends to be heavier
and much more robughan a draw hoe and can be used in diffiauttedingsituations

The grub hoe (alternatively called chopping, digging, ring, eye, field or peasartasa)ing (okyeQ 0
or collar at the top of the blade where the shaft is directly connected to the blEde shaft of the grub
hoe sits abover onthe blade which is different from a draw hoe which has a curved connector
between blade and shaffThe blade of a grub hoe tends to be much thicker and heavier than a draw
hoe, and some grub hoes have a slight but distinctly curved b¥ddeblade should be kept sharp to
better chop weeds, and a small pocket file can help keep the tool shaing field. A sturdy grub hoe
will weigh 25 poundsto better penetrate theroots andsoil.

The grub hoe is used to cut into the soil to chop a weed below ground level and, when pulling or lifting
the shaft, to turn over the soil around the roofBhe shaft oftie grub hoe is lifted and swung into the
ground, so the blade penetrates the soil and severs weed roots or stems. The next movement is to
either pull the shaft inwards towards the body to dislodge roots and soil, or to lift the shaft vertically, to
minimize soil disturbance. A grub hoe can also be used to scrape the soil surface to remove weed
seedlings or sever stems. Because the hoe disturbs the soil, weed seeds near the surface may become
buried after using the hoe which may contribute to soil seed ba@hkugh a hoe can be used to clear

dense weed patches, it can also be usedarefully work around notarget species.

Often a grub hoe is best used to treat weeds with a single taproot as found in many dicots, such as
32 I ( Qa&rib&lS keRestds tumbleweed Balsolaspp.), smaller cheeseweed planigglva

parviflora), and dandelionTaraxacum officinalg. It can also be used to treat invasive annual grasses
such as bromedBfomusspp.) and oatsAvenaspp.). If a grub hoe has a rectangular head, Wker can
rotate the tool 3045 degrees to use the pointed corner to cut larger tap roots, such as on larger
cheeseweed plants. In addition, when held at an angle the corner can penetrate wet soils effectively,
although this will wear out the corners atitey will need to be sharpened sooner.

A grub hoe with a pointed, triangfhaped blade is also useful in situations where more delicate and
precise weeding is heeded compared to a rectangular grub hoe. Sometimes this hoe is called a triangle
hoe or poined hoe. (Others use the name triangle hoe for a similar tool that has a triangle shaped blade
but has a wrought iron neck more similar to a draw hoe and like a draw hoe may not be sturdy enough
for most wildland uses.) The blade of a triangh&@ped grub be is, as the name suggests, shaped like a
triangle and swung like a standard grub hoeThe pointed tip is used to precisely weed aroutaagain
plants, such as if annual weeds were growing near a native shrub seedling. The triangle grub hoe can
also moreeasily penetrate a thick tap root, or soils that are soggy soils or compacted, than can a
rectangular grub hoe. The shaft of a triangle grub hoe can be mounted to either the back of the blade
forming a long triangle, which will penetrate the soil more plgeor can be mounted in the middle of

the triangle creating a tool with two working edges, one being the pointed tip and the other side being
the back flat edge.

A grub hoe can also be used to treat plants with aboveground prostrate runners, suctpkmice
(Capobrotusspp) or St. Augustine grasSténotaphrum secundatumin this case the runners will need

G2 0SS WIANHzoOSR 2dziQ G2 OK2L) fFNBAS LIXlyda Ayidz2 avl
all of the plant parts are removed sinamall plant fragments can resprout and survive the hoeing

treatment.

14
BMPs for NotChemical Weed Control



1.2 Grubbing with Hoes

The hoe is easy to use on a variety of plant growth forms and habitat types. A hoe can be used any time
of the year as long as the sagln be worked. Hoeing may be most effective whewdrs have

developed but seeds have not yet matured on the plant. Treatments with a grub hoe will be more
effective when weeds are smaller and their roots are less developed. It will also require less energy to
chop out a younger plant compared to an olgéant. Weeds can be treated at nearly any time in
developmentwith a hoe Perennials can be treated at any time but shoulddeated before or at the
flowering stage to minimize seed set.

Under dry conditions or compact soils, more force needs tagyied to swing the blade deep into the
hard, dry ground. In hard soils, a grub hoe with a narrow blade will penetrate the soil better than a wide
blade, and a heawgluty triangle hoe will be even more effective, but will dull more quickly.

A highquality grub hoe costs less than $100. With proper care and sharpening a hoe can be used for
many yearsThe cost of the tool is cheap compared to the labor to ussata grub hoe is best used in
treating small infestations or small areas. A person can onlhatsmall fraction of gross acre with
moderate weed cover in a day. In agricultural settings2d@eople can hoe about 2.5 acres a day
depending on the crop being grown. Density of weed cover, topography, and rockiness of soil will affect
the speed ofteatment. If weed cover is loye.g. £5%, then a single person could manage a gross acre
in a day, effectively hoeing only a few thousand square feet of w@éudslight weight of a hqe

compared to herbicides or mechanized toatsgkes it a very usefubol in lowdensity weed

infestations and in EDRR situations for fieaprouting annual weed species, where workers might hike
long distances to a site. Similar benefits exist in terrain that is difficult to walk throughasuahslopes

or unstable soilswhere carrying a lightweight tool is safer and more efficient.

Special Tips:

For better penetration in hard soils, usber, skinnier hoe blade® freshly sharpened blade will
increase soil penetration and reduce user fatigue, so keep blades shéilipdpyBlades become dull
more quickly wien used in rocky or cobbly soils

Under conditions where the soil is hard, a grub hoe can be used to sever weeds at ground level by
scraping, although oscillating hoes are generally preferred for $bis Scufé Hoeng BMP). In soils that
are moist, loamy or soft, a grub hoe may be used to pull out weeds by pulling the hoe across the soil
surface.

Consider which of the magyub hoe desigs may be most useful for your situatiorzorked hoes are
used more for dilodgngweed roots in loose soilsee Cultivation BMPFome hoes are designed for
nicheuses such as planting tree seedlifigs. a hoedad)A variety of hybrid toolsra also available that
combine a hodlade with other tool heads. For instance, atthak combines a pick and a hoe
implement in its duapurpose head.

Optimal Conditions for Use:
The gub hoeis most effectively usefbr plants that crown sproytare shallowly rooted, or are not too
woody,in soils without rocks or cobbles, and in relatively flat terrain.
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Caveats:

In order for control with a hoe to be successfail parts of the weed that can produce new plants must

be severed from their rootdf the plant can rgprout or form undergroundterage structuressuch as
nutlets, bulbsor coms, hoeingplantsmay notbe sufficient to control the population. If hoeing does

not completely remove plants that can regrow from plant fragments, the technique may actually help to
propagate rather thangpress a weed. Hoeing can disturb soils, creating areas where some weed
species may thrive (including tumblewe8dlsolsspp., mustard8rassicaspp., and stinkworDittrichia
graveoleny. Soil disturbance may also bury weed seeds promoting future getimindarough a seed

bank.

Potential Hazards to Humans, Environment, and Cultural Resources

Human hazardd_ow.The most direct hazard from using a hoe is being struck with the blade or shaft.
Workersshould be well separated so they do not injure one another when swinging a hoe or striking the
blade on the groundWorker training is advised 322 R NdzZ S 2F (KdzyYe A& mMnQ &l
0agl GOK @& ZidseXoRshoeSdd sootshmay preveat lessen injury if struckn the footwith a

hoe. If used too aggressively users may get élisbn their hands or may get fatigued quickiorkers

should use a hoe that allows them to stand upright without too much bending to lessen the strain on
the back.Finding the right type of hoe bladehaft lengthpalance of the hogand regular sharpening

may allevate these problemand improve ergonomics. Repeated stooping can caigmgficant back

injury especially with too short a handle or if the hoe$ed improperly or not sized properly for the
worker. The shorthandled hoe has beemanned from use ithe professional contractor industry in
Californiafor workersafety reasons.

CulturalresourcesModerate.A hoe can damagebjects below groundoit should be used with caution
in culturallysensitiveareas.

Habitat Moderate.Hoeing can disturb soil creating conditions where some weeds thrive, especially in
high light environments. This tool can also disturb biological soil crusts in a wildldimg) set

Sensitive speciesowmoderate.Hoeing may damage small animal burrows.

ErosionLowmoderate.Since a hoe is relatively small and is manually poweresi@en would beome a
risk if a large group of people were intensively hoeingngleiareaespecially if the site was sloped,
near a streambank that could erodgor on highly erodible soils

Other NonChemical Methods to Combin@/ith:

Other hand tools that camemovewoody weedssuch as weed pullers, saws and cutting tools (see

.atQa FT2N) GK2aS GSOKYyAIldzSao FNB dzaSTdzxZ 6KSy ¢2NJ] A
annuals and woody or mature perennial weeds. On sites where precision work needs to be conducted,

hand pulling or small hand tools may be needed around sensitive plants.

16
BMPs for NotChemical Weed Control



1.2 Grubbing with Hoes

When Not to Use

If a weed is able to reproduce vegetatively, there is a significant chance the grub hoe will not be an
effective tool and may even spread plant fragments around. Tiblades deeply rooted perennials like
perennial pepperweedLepidium latifoliumpand Japanese knotwee#4gllopia japonica This also

includes veeds that have underground storage structsir@hizomesnutlets, bulbs or tuberssuch as
nutsedges Cyperuspp.) and JohnsongrasS¢rghum hapensg. And it includes weeds that form

stolons or resprout from nodes, such as Bermuda gi@geddon dactylgnor Cape ivyljelairea

odorata), since the chopping action of the hoe can sever runners and numerous plant fragments-may re
root in the soil.

Photographs:

From left to right: a 10 in. wide swareck garden hoéaka draw hog)an 8 in. wide grub hoe, a 5.5 in. wide field
style grubhoe, and a 5 in. wide trianglghaped grub hoe. (Note: The swaack garden hoe is not recommended
for wildland weed use and is shown for comparison purposes). Rirettit Christopher McDonald
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e

A grub hoe can be swung forcefully with the blade perpendicular to the surface to dig out deeply rooted weeds.
Here, an 8 in. wide grub hoe is being used to sever prickly lettiamdi(ca serriolpbelow graind level. Photo
credit. Christopher McDonald

18
BMPs for Nosthemical Weed Control



1.2 Grubbing with Hoes

A grub hoe can also be angled to sever the weed at the soil surface. Here the hoe is being used to sever prickly
lettuce (Lactuca serriolpat the surface. Photoredit Jack McDonald

PReL g
o "'g {%@_«

A triangleshapedgrub hoe, with a blade tapering from5 in. wide at the widest to 1.25 in. wide at the tip.
Photo: Christopher McDonald

]
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Triangleshaped grub hoe being used to precision weed near a small native Lupjpiays trunctus)
(bottom center). Photaredit Natdie McDonald
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Supplementary Information:

Small patches of weeds can be easily and effectively contrailiada grub hoe with few regards to the
density of the weed population. It becomes more difficult to hoe large areas and often as weed cover
increases it becomes somewhat more difficult to treat every single weed in the population. Often two or
more hoeing treatnents are needed to catch those weeds that survivedfitst treatmentbecause

they may have beeaccidentally buried or missed.

A grub hoe can be very effective on smilmediumsized grasses, but large perennial bunch grasses
may not be an appropriat@rget. As shrub size and woodiness of the stem and roots increase the tool
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becomes ineffective. Many weedy vines are ablestsprout from a treatmentincluding from plant
fragments in moist soisn those cases a grub hoe would be ineffective. Segsllof all plant growth
forms including shrubs, trees and vines can be easily treated with a grub hoe.

As long as the plant being targeted with the hoe does negpwut, hoeing will be effective. Many
perennials can resprout when cut, even a few inchelel the soil surface and hoeing treatments will
not be effective. Hoeing can be a successful technique on smaller vpaodgnials, but it is not
applicable when the stem is too woody to cut andudting tool would be needed (such as an ax, saw, or
loppers).

When usedcorrectly and on susceptible weeds, the grub hoe is a highly effective tool regardless of
propagule production. &ause the blade is relatively small nearly every plant will need to be treated to
stop reproduction, thus with plants that hawa high propagule production if a few plants are missed
numerous seedlings may germinate next season reducing the time it will take to eliminate the
population. A grub hoe could exacerbate infestations of species that readily root from plant fragments
(e.g.,Cape ivy) and should not be used.

Hoeing will kill the above ground parts of a plant regardless ofa LJSe®didhgedity. This tool also
disturbs the soil which may cause some seeds to be buried, benefitting those weeds with moderate and
longlived seeds, perhaps germinating after treatments have ended years later. If treatments are
repeated each year and plants do not produce new seed, then this method can be used to control
weeds withmoderate to longlived seeds. If plants are difficult to detettien this method will not work

well on plants with londived seeds as treatments may not reduce the number of seeds being produced
each year.

This techniquesi best suited to small scale infestations and is not suited for managing medium and
large-scaleinfestations As scale becomes largétis difficult to hoe that area unless labor is increased
to levels appropriate to the infestation. Hoeing largeas is sometimes conducted by large groups of
volunteers or workers as the tool is relatively etsyse, requires only moderate training and can be
used for several hours by healthy volunteers.

When using a hoe on loose or difficult terrain it can become difficult to properly swing a grub hoe
without losing balance or risking injury. On the other haadonghandled grub hoe can reach weeds
that are up or down a short incline where other shorter tools could not reach.

A hoe is somewhat less effective in habitats where water is present due to the fact that severed weeds
may be able to reéoot and coninue growing. This can be mitigated by moving the cut weeds out of wet
areas to places where they can dry out and desiccate. While a grub hoe can easily penetrate muddy
soils, often muddy habitats can have weed species that resprout from below grouma@f icaise this

tool would be ineffective.
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1.3Scuffle Homg

Lead author Christopher McDonald
Coauthors: Shani Pynn, Tom Reyes

Additional contributors Henry DiRocco, Phillip Cramer

Overview:

Scuffle hoes are designed to remove weedsipushpull (@ & O dzF Mdtion that éuts just under the
soil surfaceThere are two types of scuffle hgehe stirrup hoe and flabladedhoes, which include

& R dz{pGsK Koes and triangleoes. Here we will focus mostly on describing the stirrup hoe, which is
gererally more popular as a weeding tool with practitioners.

The stirrup hoe is also called an oscillating hoe, a scuffle hoe, a hoop hoe, or a swiv@hbéoemmon
brand is the Hula Hoe It consists of a handle generally about 5 feet long with a blatieeifiorm of a
trapezoidal ring of sharpened metsthaped like a stirrupT ke stirrup-shaped cutting piecés pulled

along the surface of the soil or just under the surface of the saktera plantstemor roots. The

stirrup hoe can be workevith a forward pushing actioas well as backward pulling action, and often
it is workedcontinuously back and forth in both directianBhe metal blade may swivel a short distance
in itsframe such that it oscillates when being worked back and forth, howaveomemodelsthe

stirrup shapedlade is fixed and does noscillate The stirrup hoeis not lifted and swung into the
ground like the action of grubhoe (seeGrubbing with HoeBMP).

Scuffle hoesvork by cutting the root crown or roots afweed dgending on the depth of the cut. As

long as the upper parts of the plant do notmaot into the soil and the underground plant parts do not
produce new plants then this method can be highly effective. It is not very effective on species that
grow from undkrground storage structures, such as bulbs, rhizomes or tubers, or plants that are woody
or re-sprout from nodes or plant fragments.

Weeds kould behoed with a scuffle hoavhen they are smalto mediumsized. A stirrup homn

particularis a good tool tause when smalto mediumsized patches of weeds grow in low densities
where workers might spend long periods walking to each patch. This tool is particularly effective on
dense flushes of seedlings, especially from the late fall througkspridg. Hoesre more efficient than
hand weeding in this situation. When plants are left to grow larger, they are more difficult to control as
the stems and roots become tough to sever.

A site may need to be treated several times in a sedsoscuffle hoeindor seweral reasons.

Occasionally weeds willsn@ot into the soil and may not die, especially if it rains shortly after a

treatment or in wet soils, such as in wetlands or riparian areas. In dense infestations it may be difficult
to treat every single individuaéspecially with small annuals (in this case a broad scale method would be
more effectiva see BMPs on mowing, mulching, tarping or solarization). In other cases, some species
may not be cut deeply enough below the soil surface with a stirrup hoe andespyout. If treated

species can resprout, then multiple treatments will be needgeliffle hoeingan cause significant soil
disturbance when worked and should be cautiously used near weed species that grow especially well in
disturbed soils.
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A stirrup he in particularis a very inexpensive tool. Cheap ones can be purchased for less than $20,
however at the lowest prices, the quality of the toohisolow.

A limitation withscuffle hoegs the amount of labor needed to treat large areas. Although feadies

have been conductedith scufflehoes, it is assumed here that their efficiency is somewhat similar to a
grub hoe. In agricultural settings, a team of2® people are needed to treat about 2.5 infested acres
with a grub hoe in a dayt weed coveis low, between 15% for exampleand weeds are smatb
mediumsized annualgthen a single person could manage an acre in a day, assuming detectdtihigy
weedsis high because they would only be treating a few thousand square feet of weeds in &lua
ability to treat large areas withoeslimits their usefulness in mediunto largescale weed infestations

How to Use:

Ascufflehoe is pushed and pulled, on or just below the soil surface (8fiem’ inch deep) to sever
weeds at the base of the stem or at the top of the roots. In a dense weed patch the stirrup hoe is
worked continuouslyorward and backwardThe motion entailpushing and pullinthe arms, keeping a
straight back, and slightly ming sideways to clear the entire weed patétstirrup hoe can also be

used to cut individual weeds by using one short pull stroke after placing the hoe over the weed. If the
weeds do not easily resprout (such as in some annual thistles, mustards ageéspand have been
treated before flowering, the aboveground parts of the plant can be left in place to desiccate and die.

Regular sharpening helps maintain optimal performar@mnehoe varieties need more sharpening

than others, depending on the qualind shape of the metalf the blade of a hoe becomes dull it will
need to be sharpened and in many wildland situations it needs to be sharpened regularly especially in
soils with small rocks. A hand file carried in the field can help with this taskevahgtinder can be used

in the shop.

Several different manufacturers make stirrup hoes with different weights and strengths. Stirrup hoes
with thinner handles and smaller blades may not be durable enough for professional land managers or
volunteer groupsSome stirrup hoes have a flat bottom to the stirrup where others are more rounded.
The more rounded design (sometimes called a hoop hoe) can penetrate the soil deeper and can only be
used in soils that are easy to work. Some stirrup hoes will weigh searatls, have a stout handle,

and robust mounting hardware and blade. Wealiilt hoes can last several seasons of field use, even

with rough use.

Some onsite training may be needed to use the tool efficiently, especially for those using the tool the
first time. Some users misunderstand that the tool is pushed and pulled and not intended to be lifted
and swung into the sail, like when using a grub or draw hoe. Despite this minimal amount of training
needed, the tool is much more efficient at weeding congzhto hand pulling and can be more efficient

at removing small plants than a grub hoe, while a grub hoe is more efficient at large or more woody
weeds.

With a little practicea scufflehoe can be used asprecision weeding tool. If the blade of the stip
hoe is turned to a 3@5 degree angle the narrow bend of the hoe can be used to precisely pick small
individual weeds out around netarget species. This may be useful in situations when annual weeds
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such as mustard8¢assicapp.) are growing aroundative wildflowers or other nottarget plants.
Triangle hoes are also easily used as precision tools because of their sharply angled edges.

The stirrup hoe is used to treat smath mediumsized herbaceous weeds and herbaceous perennials

that do not respout. They do not work well on large annuals and therefore are not recommewtied
annuals are large and flowering. This is especially important late in the growing season, unless the soils
are loose enough for the hoeing action to pull the plant out & ¢ftlound or the roots are soft enough

to be severedHowever,it may be useful if the weeds have started to floweut before seeds have

matured, and when plants can promptly desiccate when sevefé. blade may not sever large plants

with a thick taprod such as large cheeseweed plarittafva parviflorg or large mustards (such as black
mustard,Brassica nigrgor short podded mustardiirschfeldia incana The tool is ineffective on woody
speciesexcept in the seedling stage.

In contrast to itsimited utility in treating large areashe stirrup hoe isvery usefufor treatinglow

density weed infestationand very located seedling flushes of weedtsmall patches of weeds are
widely scattered over multiple acres or sites, such as in early detection rapid response situations, then
using astirrup hoe may providan efficient use of labagrsimilar to using a grub hokloes are

lightweight comparedda mechanzedtools, so when carrying a hoe, workers will not fatigue as quickly

as if they were carryingeavier equipment such asséring trimmer. Similar benefits exist in terrain that

is difficult to walk through, such as on slopes or unstable sdilerevcarrying a lightweight generase

tool is more useful and safer than carrying a heavier or shéagedtool especially in the earlyand
mid-growing season.

This tool can be used effectively on many weed species with little personnel training ynsituzations,
with little risk to adjacent workerdt can be aeliabletool for organizers of volunteer weed removal
events There are few, if any, public perception issues with using this tool; in fact, weeding is often
associated with hoeing.

SpecialTips:

There are few if any variations on how a stirrup hoe is usé@s pushed and pulled to remove weeds,

and for precision weeding the blade can be held at an angle. Some stirrup hoes have a wide blade to
increase the amount of area worked with eachoke and have small variations in the curvature of the

lowest part of the blade from rounded to flat to better work softer or harder soils, respectiiiy.

0f F RSR GRdziOK¢ K2S& Ydzald 0S LWz KSRXZ y20G LlzZt SR

Optimal Conditions for Use:

The stirrup hoe workbestearly in the season when weeds are small, in soils without rocks or cobbles,
and in flat to moderately slopedreas. The stirrup hoe may be a tool of choice if traveling long distances
to a work site sincthe tool is lightweight, easy to carry, ahds a small blade that is relatively small

with a low risk of injury.

A stirrup hoe can be used in arid regions quite effectively as long as the soil remains loose enough to
work. If the soil is hard, the tool can be still effective if severing the wegdoaind level is sufficient to
avoid resprouting.
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Caveats:

When using a stirrup hogyorkers must be able to identify the target species in the seedling stage
through the vegetative stageefore flowers or other diagnostic features are presddetectability must
alsobe high since treatments are successful when cutting an entire individual plant or a small Alump.
stirrup hoewill not control theweed population if seedsn target plantdhave maturedor will mature
after cutting.

In hard dry ground where the hoe cannot penetrate the top layer of siils technique may have
limited effectiveness on plants that resprout when the stem is cut too high (such as short pod mustard
or flaxleaved horseweedHrigeron bonariensjs

Hoeing disturbsoil surfaces and is relatively nselective. It may impact desirable plants and stimulate
flushes of weed seeds exposed to light by disturbance.

Potential Hazards to Humans, Environment, and Cultural Resources

Human Low riskThestirrup hoe is a lowisk tool to use, with the maihazard beingnjury from being
struck with thetool bladeor shaft Since thestirrup hoe is not lifted when used, this risk should be
minimal.Closedtoed shoes or boots and pants may prevent or lessen injury if sbndke foot or leg

with astirrup hoe.Repeated pushing and pulling could lead to fatigue and sore muscles and joints. If
used too aggressively, users may get blisters on their hands or may get fatigued @imdping can be

an issue with a stirrup hoe antsers should keep their back straight. If the handle is not sized properly,
workers may bend too much at the waist when attempting to use the tool causing back strain. Longer
handles may be purchased and fitted into the tool to alleviate this problem.

Culural resourcesModeraterisk Since astirrup hoe canpotentially damageobjects belowgroundt
should be used with cautioinculturally important areas.

Habitat Lowmoderaterisk Using a stirrup hoe can disturb patches of soil creating conditions where
some weeds thrive, especially in high light environments. This tool can also disturb biological soil crusts
in a wildland setting.

Sensitive speciesowmoderaterisk A hoe may damage the burrow of small animals.

ErosionLowmoderaterisk Erosion woud become a risk if a large group of people were intensively
hoeing a sigle areaespecially if the site was sloped, near a streambthat could erodgor on highly
erodible soils

Other NonChemical Methods to Combine With

Thestirrup hoe pars wellwith a grub hoén the early and middle stages of the growing seasasites

that are highly disturbedThis pairing works well because each tool is slightly more efficient at different
growth stages and sizes of weeds. The grub hoe more effectivelyaailg ehops larger and more

fibrous weeds (seer@bbing withHoes BMP), while a stirrup hoe is more effective on smaller thinner
weeds and seedlings. In areas with woody weedsgdtools that can treat woody weedsuch as weed

25
BMPs for NotChemical Weed Control



1.3 Scuffle Hoeing

pullers, saws and cuttin@t2 £ & 6 a4SS . at Qa F2NJ K2asS asSoOitrazyavo
a mix of annuals and weeds with a large taproot, a dandelion fork may be paired with a stirrup hoe.

When Not to Use

Ascufflehoeis not effectiveon weeds that have underground storage structures, such as nutlets, bulbs
or tubers. The top of these plants will bemoved,but the plantwill grow back. In addition, stirrup

hoe should be used with caution when weeds form stolons or rhizanesth, suchas bermuda grass
(Cynodon dactylon Thestirrup hoe will cut the top of the plant and some of the shallow roots may die,
but fragments of these plants may-reot and grow agaiypotentially creating many small plants where

a few large individuals weraeitially growing.This tool is also ineffective at killing vines, such as field
bindweed Convolvulus arvengisr Cape ivyl§elairea odoraty which may resprout or reoot from

plant fragmentsA stirrup hoe is not intended to cut through woody weedsgept for small woody
seedlings.

A scufflehoe does not work on rocky, cobbly or gravely soils and works poorly on steep slopes. The

stirrup hoe can be used up to the edge of boulders to sever weeds, especially because it is not swung (in

contrast to a gruthoe). Thescufflehoe is also not effective in thick muddy soils, such as silty clays or
clays. The tool cannot be pushed and pulled through a thick soil without significant force. It may not be
an effective tool in most wet locations because many wetlandparian weeds can resprout once cut,

and a different technique may be required.
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Photographs:

A heavyduty stirrup hoe (left) a lightluty stirrup hoe (right, Hultédoex brand).Photo eedit: Christopher
McDonald

i

A heavyduty stirrup hoe cuttinga young shorpodded mustard lirschfeldia incang Note the blade is being
pulled just under the soil surface to cut the roots. Photo credit: Natalie McDonald
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£
- -

A heavyduty stirrup hoe being used to precision weed around California buckwEgttgonunfasciculatun)
seedlings. Note the blade is held at adyree angle and the corner of the blade is used to pull out the adjacent
weeds.Photo credit: Christopher McDonald.

A triangleshaped scuffle hoe. Some designs have a diamond shaped head ane walgda diamond hoe.
Photo credit: Rogue Hoe Distributing.
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Adutch push hodype scufflehoe being used to clear grass seedlings in looseRuwiito credit:Claire Meyler
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Lead author Shani Pynn
Coauthors: PanelaBeitz, Dan Lubin, Tom Reyes, Jutta Burger

Additional contributors Garrett Dickman

Overview:

Severingoots, also known as shovel shear and subsurface cutting, is a techioigsevering the roots

of plants just belowup to a few incheghe root cravn and soil surface. It functions by completely
separating the portions of the plathat harvestlight from the portions that harvesivater, and

nutrients. This starves both portions of the plant from needed materials and the plant dies if the stem
cannotproduce more roots and the roots cannot produce more stems.

This techniques usefuffor control of annual and young perennigéedswhich are interspersed in areas
with higher native plant covett is typically applied in areas where cover of the taggcies is low and
minimizing disturbance to soil and surrounding vegetation is a priority. It can also be used in areas
where the soll is fairly hard, makinglpog difficult or impractical. Cutting through the soil just below
the surface protects theadl structure below The space required to maneuver the tool is small since the
tool travels only the distance required to slice through the roots.

This technique can be usefuhere precise work is needed to not damage surroungilagts ands
generallylow impact with regard to cultural resource concerns because optbeisionof the work. It is
also not vehicle dependent as you can walk to the treatment site carrying the necessary tools. When
used alone in ideal conditions on ideal species it is fatife control mehod. This is, however, highly
scale dependent as larger areas and infestations may require more personnel antt temealso be

used as a follovup control method on seedlings and very young perennials in working toward
eradication.If a largescale treatment of another method has been implemented this is an ideal way to
conduct followup removal work.

How to Use:

This technique works by severing thiant below the root crown to prevent crown sprouting. A sharp,
sturdy tool is driven through the ground at an angle where it travels completely through the main root.
This is most efficiently implemented with a tool and conditions where this can be done ngthtoke

per plant. It is highly selective and most efficient when done well before the target species sets seed and
whenthe biomass can be left in place. It is an effective control method on annuals and very young
perennials (where severing the rootlstequires little effort).

To implement this technique and sever a taproot, place a sharpened tool at the base of the plant,
angling under the stem, and push it as far below ground as possible. To prevent sprouting, the taproot
should be severed below ¢hroot crown. The tool should enter and exit the soil in a straight line,

without a digging motion. If done correctly, the severing motion should not disturb much soil at all.
Depending on the species, it may be possible to feel the resistance when theasses through the
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root and know when it has been severed. The plant may fall over on its own immediately after severing
which is also a good indicator.

The tools used for this technique vary by target root size, precision needed, and user comfodsVario
tools used are: hori hori, lettuce knife, kitchen knife, steak knife, weeding pick, forked weeder,
sharpened flatended shovel, trenching shovel, spade shovel, fire shovel, and root slayer,gtiokake
and mattock Sharpness, angle, and end shapeiamgortant decision makers when choosing a tool.
b2 OKSR cdadary effeitizézendishafe.

The angle is important for worker ergonomics. A tool with a shape that can be used without much

added motion from normal carrying is preferred (angled maretbols used while standing than for
knife like tools). Sharper tools will cut better but may dull quickly in gravely soils.

As each plant is treated individually this technique is highly selectivetddgat damage is only

expected if the norarget speies is growing close enough to the target species that its roots could be
injured by the severing stroke. This is roughly the width of the tool used so hori horis and knives will
have less impact than larger shovels.

This method works best in environmerdpen enough to be easily moved through as it saves time.

Many tools can be carried easily or be used as walking sticks when not in use (being cautious of sharp
ends). It can be effective any time of year but will be slower if done after seed product&m tivé

biomass cannot be left behind.

This method works mainly on plants with tap roatecludingmany annual and biennial thistles
(includingCarduus nutansCirsium vulgareDipsacuspeciesOnopordum acanthiumyoungCynara
cardunculusGysophilganiculatg Arctium lapp3, as well afPastinaca sativa mustards, young castor
bean,young amarisk and many rosettdorming taprooted forbs.Note that matureCynara
cardunculugartichoke thistle) will resprout when roots are cut.

Special Tips:
Makesure tools are sharp and stay that w&arry a hand file or sharpener in the field to maintain this.

In harder soil conditions or with thicker roots a larger shovel can be set in position and kicked to sever
the root. If driving a shovel by boot, shoveligh wider footrests are preferred. While slightly heavier,
they can reduce foot pain and boot wear from repeated striking. However, in instances where multiple
kicks are necessary per plant this technique will rapidly become more tiring and less costeffe

In wet conditionsmodification can be made by holding the plant while cutting and then bagging or
tossingit to a drier areaThis is because some plants, especially those with thick roots, gantreto
wet soil and continue growing-his is rost effectivewith small numbers of plants

For larger trees such @aamarisk, a scaled up, more impactful version of this techniguelvescutting
deep below ground and backfilling the resulting hole up to one foot degpevent resprouting This
approach is also mentioned as part of the manual removal with hand tools BMP.
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Optimal Conditions for Use:

Severing is especially effective in drier site conditions as wet arggmrt plants thatare moreprone

to resprouting. It is best done before seedriature enough to ripen on severed stems so they can be
left in place. Optimal aaditions would be an infestedrea with clustered patches or scattered low
density target plants interspersed with desirable vegetatioptimal soils are fine (sandy, silty)da
uncompacted types with little to no larger material (cobble, etc.). Flat to moderate (<40%) slopes are
preferred as they allow safer movement with sharp tools.

Caveats:

Plants growing in very wet conditions have meoggprouting potential and artherefore often not
successfully controlled with this metho8evered stems may be able to reestabli®éduce this risk by
moving stems away from sollikewise this techniqgue may have a lower efficacy in areas with higher
annual rainfall.

Severing underground structures can be difficult in deserts, wetlands, and rocky\gailks this
techniqueworkswell in dry conditions, it does not do well in dry, hard, clay soil where it is difficult to
get a sharp tool through the groun8oil must ke soft enough tallow the cutting tool to be pushed
through by hand or boot power and must not be so wet that plants left orsthiksurface will be wet
enough to root again.

This technique is counterproductive on rhizomatous perennials, perennialdilritius roots (e.qg.,
perennial grasses), or species that reproduce by underground vegetative stru@tutes, tubers,
nutlets, etc.)

Some species can resprout from tapro¢esg., artichoke thistle)This technique can prevent seed
production but will ot providefull control. Repeat visits will be necessary.

Large infestations are labor intensive and may be more feasibly controlled with other metbroais:

optimal conditions a ongo two-person crew can handle a quarter acre of net infested areadiaya

Larger areas and higher densities become demoralizing, time consuming, and may increase the risks of
repetitive stress injuries. Severing underground structwssdoesnot outpace populations with a

high rate of spread.

Potential Hazards to Human&nvironment, and Cultural Resources

Humansafety Moderaterisk Hazards include cutting risks by workers using sharp hand tools. On
steeper slopes it will be safer to use versions of this technique which involve kneeling rather than
standing. Repetiti@ stress injury will be the most likely injury for this method. Wrists, elbows (bursitis),
and shoulders may be affected. Because work needs to occur low to the ground, perspeisher be
kneeling or standing, which leads potentially to stooping andkbaiciry, especially if larger plants are
being severed.onger handled sharp tools require care when working in close proximity groups to avoid
striking each other when carrying them during travel (e.g. turning quickly with shovel over shoulder).
Maintaina suitabé safe distance between workeasd ensure they have any PPE associated with the
chosen work tools such as gloves and eye protection where necessary. Also ensure workers are trained
to use these tools safely in relation to the individual enviremtal hazards of the work site.
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CulturalresourcesLowrisk Because severing underground structures does not involve significant soil
disturbance it is not likely to disturb cultural resources. Nonetheless, cultural resource experts should be
consultedprior to initiating work if a site is located near to a cultural resource area of concern.

General environment:owrisk There is little concern of hazards to ntanget species or the
environment because of the high specificity and minimal impact oftéuisnique.

Sensitive speciekowrisk This technique penetrates the soil quickly. Care should be taken if there may
be hibernating amphibians of concern in the area. However, this technigue can be effective at fairly low
depth soil penetration. Normalrpcautions should be followed to avoid nesting species.

Erosionlowrisk If done properly, his techniqgue minimizes soil disturbance by severing structures
below ground and typically leaving them in place.

Other NonChemical Methods to Combine With

Seering underground structuresay be used as a follewp treatment for seedlings or saplings after
othertechniqueshave been used fanitial control of larger tree or shrub speciesfor high-density
removal.Largescale higkdensity treatments can becoenless cost effective toward the tail end of a
project when weed populations are too spread out. At that point this technique can be quite usgeful.
the tools are light to carry it is useful to combine this technique with site visits for other purposes to
opportunistically control outlier target plants.

When Not to Use

This technique is ineffective ost@blished perennialand $ecies with bulblets or corms that readily
resprout In some cases, underground severing can actually promote spread ofplaese. It also
cannot be used inx@remely rocky soilsextremely hard soils, or under very wet conditions.
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Vo

shovel with minimal soil disturbance. Photo credit: Shani Pynn
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1.6Whole PlanRemoval with Large Equipment

Lead author PanelaBeitz
Coauthors: Ross Mitchel

Additional contributors Bruce Adams

Overview:

Large equipment consists of machinery such as bulldozers and backhoes. Under the right conditions,
with appropriatepermissions, and with a skilled operator, whole plant removal with large equipment is
an effective method for not only removing entire plants but often the surrounding seed bank as well.
This method can be effective on virtually all plant types and foregardless of phenology, flowering,

or germination. Digging with large equipment is generally not suitable for areas with intact surrounding
desirable vegetation unless this vegetation can be easifstablished or protected. Soil compaction

that resultsfrom using heavy equipment can negatively affect revegetation efforts if not addressed. Use
of heavy equipment is usually not cost effective in situations with low invasive plant cover. It is limited
to stable, accessible terrain or areas within reaclkeaidipment situated on adjacent stable ground.

Annual plants and some shallawoted perennial plants can be removed with their roots by scraping
the soil, which removes the top inch to several inches of soil and much of the weed seed bank. Vines,
deeprooted perennial forbs and grasses, shrubs and trees more often require deeper and more
targeted excavation. While effective, a thorough job usually results in significant soil and habitat
disturbance. Also, equipment rental and operation are expensive. Torex¢his technique is typically
reserved for extreme conditions under which other techniques will not work. For example, large
equipment is highly efficient for large areas that need full restoration édanelscaping, as in fields of
pampas grass or othédarge, highdensity, contiguous infestations where killiagdremoval of biomass

is the essential first step to restablishing desirable vegetation.

Because of the intensity of soil and habitat impact, permits are often required when digging.
Undergraind infrastructure (such as gas, water and electric utilities), soil stability, cultural resources,
and wildlife can all be impacted.

This technique can be used for eradication but must be followed by maintenance to revegetate a site
and ensurats seed lankis fully depleted

How to Use:
Heavy equipment comes in many shapes and sizes and can perform a wide variety of work. This
G§SOKYAljdzS 2F ¢gK2tS LXIFyd NBY2@Lt 2y | fFNBS aolts

and belowground biomass$lowever, this outcome is rarely permissible or desirable unless a site is a
future construction site or very intensive active restoration is planned as a foifpw

Equipment can be used to pull out plants and their roots, dig out or scrape off rooapesherbaceous
plants, and remove top sawith its seed bank. Equipment that can be used for scraping and digging
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1.6 Whole Plant Removal with Large Equipment

include: backhoes, skisteer loaders (Bobcaty, and dozers. Suitable attachments for scraping include
buckets, box scrapers, and rippdos loosening compacted soil. Attachments typically used for digging
include either a bucket or a reticulating bucket. Any operator of excavation or digging equipment should
be properly trained to use the equipment safely and effectively. Scraping anidglghmpuld be

followed-up by regrading and replanting or seeding.

ScrapingScraping can remove above ground plant and shallow roots along with seeds in top layer of
A2AE X | YAYAYdzy 2F mMéd 5SSLI a0ONI LISa OlsgilséeBY2 @S
banks.

In certain circumstances, the removal of nutrigith soil by scraping can benefit the establishment of
native grasses, known to be more competitthhan annual exotic grass@s poor soil conditions. This
technique has been utilized eftively on serpentine soils at small scales where large equipment has not
damaged surrounding areas.

Uprooting.Large plants like pampasass and various shrubs and small trees can be pulled out with a
articulatingbucket on a front loader, plucked ouiith backhoe, dug out with a bucket attached to a
skidsteer or backhoe claw, or pulled out with a chain attached to a tractor or truck.

Raking.Chain harrows pulled behind trucks/tractors can be used to perform a shallow till and rake to
remove lowgrowing herbaceous plants and their roots. This technique leaves soil prepped for seeding
or follow up applicationgSee also Mechanical Tillage BMP)

The greatest constraints on the use of this technique are the amount of collateral damage, the expense,
the dependence on suitable topography, and the availability of appropriate equipment and skilled
operators. Proper use of heavy equipment requires trained operators, maintenance, and associated
personnel for fire suppression and public safety.

Special Tips:

Atfter full plant removal using large equipment, competitive planting should be used as a-tgilowll
sites should be revisited to either dig out, clip, or manually remove seedlings and any remaining
resprouts that have been left behind. Make sure to secall necessary permits to complete work and
implement best management practices to reduce erosiod negative impacts to wildlife

Optimal Conditions for Use:
Large equipment is most suitable for flat easily accessible sites with high invasivegant

Caveats:

Wet conditionsmay make terrain too unstable to support equipment

Wet conditions increase soil compaction from equipment.

The opticsof this technique can create public concern. Use explanatory signage.
Equipment is expensiveequires atrained operator and can bedifficult to get.

This technigue is carbeimtensive and creates local pollution from burning fossil fuels.

=A =4 =4 4 4
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1.6 Whole Plant Removal with Large Equipment

1 Moving large quantities of soil requireégst practices for reuse alisposal.

1 Moving soil brings ris&f movingPhytophthorasoitborne pathogensit is important that
equipment arrives ossite free of dirt and vegetative debris, and that equipment is cleaned
before it moves to the next project. Seép://phytosphere.com/for more information.

1 Offroad equipment may damage more habitat than it helps to protect by removing weeds
depending on the site.

9 Permitting will probably be needed.

Heavy soil disturbance may create erosion.

1 Heavy equipment use can result in fuel and oil leakspills. Spill kits should be on site and
available for use.

=

Potential Hazards to Humans, Environment, and Cultural Resources

Human sfety. Highrisk Operators and nearby personnel can experience fatigue, hearing damage,
repetitive stress injuriesnhalation of exhaust anddust, etc. Equipment can also roll over on uneven
terrain. Proper training and Personal Protective Equipment (PPE) are essential.

CulturalresourcesHighrisk Heavyequipment can damage cultural resources that are buried in soil or
on the surface. Field surveys should be performed by a qualified professional.

Sensitive geciesHighrisk Ground-dwelling insectsbirds, amphibians and small mammals can all be
harmedby heavy equipment. Work sites should be cleared by a qualified biologist.

Habitat. Highrisk Removal of nesting habitat, structure and cover for many wildlife species is likely with
excavation. Thimethod is very destructive and should only be used witnenbenefits outweigh thse
impacts.

ErosionHighrisk Due to significant soil disturbancerosion potential is tgh, especiallyvhen work is
performed during the rainy season or on slop&is risk can be mitigated by implementing erosion
preventionmeasures

Fire.Highrisk Heavy equipment can start fires if operated in fine dry fuels. Assess the fuel conditions on
site andconsult fire weather restrictions in your area. This risk can be mitigated by having fire
suppression equipment on site whileorking.

Other NonChemical Methods to Combine With

Competitive planting is recommended as a foHop/technique in any area with substantial soll
disturbance and low chance for natural regeneration. This technique can also be paired with manual
removalafter large equipment removal to remove resprouts or seedlings.

When Not to Use
1 Wet, steep or remote conditions
1 When sensitive resources are present
1 Without trained professional operators
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1.6 Whole Plant Removal with Large Equipment

Video Demonstrations:
Backhoe shrub removdittps://www.youtube.com/watch?v=CRCpZ Ewfk8

Removal by chairnttps://www.youtube.com/watch?v=rwTM_ WIBMNQ

Chain harrow removal of herbaces plantshttps://www.youtube.com/watch?v=H7wRHcek

Brush jaw removal of shrubs, pampas grasgis://www.youtube.com/watch?v=W3XUTKy18

Uprooting:https://www.youtube.com/watch?v=W3XUTkcCy18

Scraping and clearingttps://www.youtube.com/watch?v=2Zee5rxOeVE

Photogaphs:

Utility bulldozer. Phao credit: Rodney Smith, East Bay Regional Parks District
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1.6 Whole Plant Removal with Large Equipment

Skip loadewith articulating bucket on front and box scraper on bakoto credit: Rodney Smith, E&ay
Regional Parks District

Narrow footprint excavator for excavation work on and near trails. Photo credit: Adam Maywhort
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1.6 Whae Plant Removal with Large Equipment

Hydraulic tree spaddPhoto credit: Photo credit: Dane Jens#fest Coast Arborists

References:
None listed.

Supplementary Information:
None.
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