
   

Best Management Practices for Non -

Chemical Weed Control  

 

 

 

 

 

 

 

 

 

June 2020 

Report to the California Department of 

Pesticide Regulation for a project fully 

funded by its Alliance Grants Program 

under grant number 18 -PML-G002 

 

Feb. 2021 Print  



 

Suggested Citation 
Cal-IPC 2020. Best Management Practices for Non-Chemical Weed Control. Report to California 

Department of Pesticide Regulation under grant number 18-PML-G002. 291 pp. 

 

Cal-IPC Partner Lead 
Burger, Jutta C. Science Program Director, California Invasive Plant Council (project manager). 
jburger@cal-ipc.org 

 

UC-IPM Partner Lead 
Wilen, Cheryl. University of California Integrated Pest Management Specialist, UC ANR. 
cawilen@ucanr.edu 

  

Alliance Team Members (in alphabetical order)*  
Beitz, Pamela. Integrated Pest Management Specialist, East Bay Regional Parks District. 
pbeitz@ebparks.org 
Bilheimer, Catherine. Project Manager, California Department of Pesticide Regulation. 
Catherine.Bilheimer@cdpr.ca.gov 
De la Rosa, Carlos. Conservation Program Director, San Diego Zoo. CdelaRosa@sandiegozoo.org 
Getts, Tom. University of California Extension Weed Advisor, UC ANR. tjgetts@ucanr.edu 
Johnson, Doug. Executive Director, California Invasive Plant Council. dwjohnson@cal-ipc.org 
Kesel, Rachel. Resource Manager, Golden Gate National Parks Conservancy, One Tam Collaborative. 
rkesel@onetam.org 
McDonald, Chris. University of California Extension Weed Specialist, UC ANR. cjmcdonald@ucanr.edu 
Nik, Atefeh. Project Manager, California Department of Pesticide Regulation. atefeh.nik@cdpr.ca.gov 
Reyes, Tom. Integrated Pest Management Coordinator, Midpeninsula Regional Open Space District. 
treyes@openspace.org 
Williams, Andrea. Marin Municipal Water District (former). awilliams@cnps.org 

*The Alliance Team participated integrally in project development, execution, and BMP review.   

 

Other Primary Authors of Best Management Practices (BMPs) 
Bean, Travis. University of California Extension Weed Specialist, UC Riverside (deceased). 
Becchetti, Theresa. Range Management Specialist, UC Extension. tabecchetti@ucanr.edu 
DeSimone, Sandy. Science Director, Audubon Starr Ranch. sdesimone@audubon.org 
Moran, Patrick. Research Entomologist, USDA. patrick.moran@ars.udsa.gov  
Pitcairn, Michael. Program Manager, California Department of Food and Agriculture. 
mike.pitcairn@cdfa.ca.gov 
Principe, Zach. Stewardship Ecologist, The Nature Conservancy. zprincipe@tnc.org 

Pynn, Shani. Senior Plant Restoration Ecologist, Riverside Corona Resource Conservation District. 
pynn@rcrcd.org 
Smith, Lincoln. Research Entomologist, USDA. link.smith@ars.usda.gov 

  

mailto:jburger@cal-ipc.org
mailto:cawilen@ucanr.edu
mailto:pbeitz@ebparks.org
mailto:CdelaRosa@sandiegozoo.org
mailto:tjgetts@ucanr.edu
mailto:rkesel@onetam.org
mailto:cjmcdonald@ucanr.edu
mailto:atefeh.nik@cdpr.ca.gov
mailto:treyes@openspace.org
mailto:awilliams@cnps.org
mailto:tabecchetti@ucanr.edu
mailto:sdesimone@audubon.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/patrick.moran@ars.udsa.gov%20
mailto:mike.pitcairn@cdfa.ca.gov
mailto:zprincipe@tnc.org
mailto:pynn@rcrcd.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/link.smith@ars.usda.gov%20


 

Additional Contributors 
 
Adams, Bruce, Park Ranger, East Bay Regional Parks District. 
Bailey, Jessica. Landscape Architect, California Native Grassland Association. 
jessicabailey1@outlook.com 
Bamford, Mitchell Joseph. Field Coordinator I, Big Chico Creek Ecological Reserve. 
mbamford@csuchico.edu 
Barry, Sheila. Livestock & Natural Resource Advisor, UCCE Bay Area. sbarry@ucanr.edu 
Bresee, Darren. Park Ranger, East Bay Rgional Parks. dbresee@ebparks.org 

Craig, Andrea. Project Coordinator, Land Program, The Nature Conservancy, acraig@tnc.org  

Cramer, Philip. Revegetation Specialist, Caltrans District 2, Philip.Cramer@dot.ca.gov 

Crispin, Kimberly. Vegetation Ecologist, East Bay Regional Parks District. kcrispin@ebparks.org 
Cunningham, Margot. Natural Areas Coordinator, City of Albany. mcunningham@albanyca.org 
Davy, Josh. Range Management Specialist, University of California Extension. jsdavy@ucanr.edu 
Defreese, Denise. East Bay Regional Parks District Wildland Vegetation Program Manager, Vollmar 
Natural Lands Consulting. ddefreese@ebparks.org 
Dickman, Garrett. Botanist, National Park Service. garrett_dickman@nps.gov 

DiRocco, Henry. Integrated Vegetation Management Specialist, Laguna Canyon Foundation. 

diroccohenry@gmail.com  

Echols, Aaron. Field Ecologist, Inland Empire Resource Conservation District, Redlands CA. 
aechols@iercd.org    
Forrestel, Alison. Chief of Natural Resource Management and Science, National Park Service. 
alison_forrestel@nps.gov 
Freese, Robert. Senior Project Manager, Irvine Ranch Conservancy. rfreese@irconservancy.org 
Frye, Pete. Independent Contractor. xpietrox@startmail.com 
Grevstad, Fritzi. Assistant Professsor, Oregon State University. fritzi.grevstad@science.oregonstate.edu 

Goodsell, Eli. Ecological Reserves Director, Chico State Enterprises, egoodsell@csuchico.edu 

Hammond, Jeanne. Senior Biologist and Restoration Program Manager, Olofson Environmental, Inc. 

jeanne@olofsonenvironmental.com 

He, Ling. Rangeland Conservationist, USDA-NRCS, ling.he@usda.gov 

Horney, Marc. Professor, Rangeland Resource Management, Cal Poly San Luis Obispo. 

mhorney@calpoly.edu 

Horowitz, Matt. Program Director, Natural Resources and Employment Program. rudabega@cruzio.com 
James, Jeremy. Range Management Specialist, University of California. jjjames@ucanr.edu 
Johnson, Brent. IPM Program Manager, Region 8,9,10,12. National Park Service. 
Brent_johnson@nps.gov 
Kelly, Jane. Co-founder, KyotoUSA. tkelly@kyotousa.org 
Kelly, Tom. Executive Director, KyotoUSA. tkelly@kyotousa.org 
Kenny, John. (volunteer). johnkenny54@yahoo.com 
Knecht, Katherine. IPM Specialist, Marin County Parks. KKnecht@marincounty.org 
Knight, Marla. U.S. Forest Service (retired). mknight9908@gmail.com 
Lubin, Dan. Environmental Scientist, California State Parks. dan.lubin@parks.ca.gov 
Marie, JP. Putah Creek Reserve Manager, University of California. jpmarie@ucdavis.edu 
Marty, Jaymee. Ecologist, Marty Ecological Consulting, Inc. martyjt@me.com  

McIntyre, Patrick. Senior Ecologist, NatureServe. patrick_mcintyre@natureserve.org 
Miller, Joan. Laguna Canyon Foundation (volunteer). jem99876@gmail.com 

mailto:jessicabailey1@outlook.com
mailto:mbamford@csuchico.edu
mailto:sbarry@ucanr.edu
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/dbresee@ebparks.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/acraig@tnc.org%20
mailto:Philip.Cramer@dot.ca.gov
mailto:jsdavy@ucanr.edu
mailto:ddefreese@ebparks.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/garrett_dickman@nps.gov
mailto:diroccohenry@gmail.com
mailto:aechols@iercd.org
mailto:rfreese@irconservancy.org
mailto:xpietrox@startmail.com
mailto:fritzi.grevstad@science.oregonstate.edu
mailto:egoodsell@csuchico.edu
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/jeanne@olofsonenvironmental.com
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/ling.he@usda.gov
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/rudabega@cruzio.com
mailto:jjjames@ucanr.edu
mailto:tkelly@kyotousa.org
mailto:tkelly@kyotousa.org
mailto:johnkenny54@yahoo.com
mailto:KKnecht@marincounty.org
mailto:mknight9908@gmail.com
mailto:dan.lubin@parks.ca.gov
mailto:jpmarie@ucdavis.edu
mailto:martyjt@me.com
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/patrick_mcintyre@natureserve.org


 

Mitchell, Ross. AWP Supervisor, East Bay Regional Parks District. 
Moore, Ken. Wildlands Restoration Team. ken@wildwork.org 
Ostmann, Isaac. Program Coordinator, Irvine Ranch Conservancy. iostmann@irconservancy.org 
Ozeran, Rebecca. Range Management Specialist, University of California. rkozeran@ucanr.edu 
Petterle, Steve. Principal Landscape Architect, Marin County Parks. spetterle@marincounty.org 
Portman, Scott. Research Entomologist, USDA. scott.portman@usda.gov 
Raff, Collin. Restoration Manager, Irvine Ranch Conservancy. craff@irconservancy.org 
Rao, Devii. Range Management Specialist, University of California. drorao@ucanr.edu 
Schroeder, Kirk. Volunteer Coordinator, Marin County Parks. kschroeder@marincounty.org 
Schwartz, Susan. President, Friends of Five Creeks. f5creeks@gmail.com 
Shomo, Brian. Director of Natural Resources, Western Riverside County Association of Governors. 
bshomo@wrcog.us 
Smith, Trish. Regional Ecologist, The Nature Conservancy. tsmith@tnc.org 
Swan, Antonio. Landscape Services, Marin County Parks. aswan@marincounty.org 
Thomson, David. Senior Ecologist, San Francisco Bay Bird Observatory. dthomson@sfbbo.org 
Thorin, Shawn. Program Coordinator, Irvine Ranch Conservancy. sthorin@irconservancy.org 
Wills, Robin. Region Fire Management Officer, National Park Service. robin_wills@nps.gov  

Wilson, David. Irvine Ranch Conservancy (volunteer). dnabelle@gmail.com 

Witter, Marti. Fire Ecologist, National Park Service, Santa Monica Mountains National Recreation 

Area/Channel Islands National Park, Cabrillo National Monument, marti_witter@nps.gov 

Wong, Roger. Fire Management Officer, National Park Service, Point Reyes National Seashore. 
roger_wong@nps.gov. 
Wrubel, Eric. Biologist, National Park Service ς San Francisco Bay Area Network. eric_wrubel@nps.gov 

mailto:ken@wildwork.org
mailto:rkozeran@ucanr.edu
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/spetterle@marincounty.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/scott.portman@usda.gov
mailto:craff@irconservancy.org
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/kschroeder@marincounty.org
mailto:f5creeks@gmail.com
mailto:bshomo@wrcog.us
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/aswan@marincounty.org
mailto:robin_wills@nps.gov
mailto:dnabelle@gmail.com
mailto:marti_witter@nps.gov
file://///calipc-server.calipc.local/data/Projects/Science/DPR/_Deliverables/BMP%20Report/Revisions/roger_wong@nps.gov
mailto:eric_wrubel@nps.gov


 

 

Contents 
Introduction .................................................................................................................................................. 1 

1. Removing Whole Plants ........................................................................................................................ 3 

1.1 Manual Removal ................................................................................................................................. 4 

1.2 Grubbing with Hoes .......................................................................................................................... 13 

1.3 Scuffle Hoeing ................................................................................................................................... 22 

1.4 Severing Roots .................................................................................................................................. 31 

1.6 Whole Plant Removal with Large Equipment ................................................................................... 37 

2. Controlling Plants by Cutting .............................................................................................................. 43 

2.1 Cutting with Bladed Hand Tools ........................................................................................................ 44 

2.2 Cutting with Pruners, Loppers, Shears, and Saws ............................................................................. 53 

2.3 Cutting with Brushcutters and Stringtrimmers ................................................................................. 61 

2.4 Cutting with Chainsaws ..................................................................................................................... 69 

2.5 Mowing/Cutting with Larger Equipment .......................................................................................... 77 

2.6 Stump Grinding ................................................................................................................................. 84 

3. Controlling Plants in Place .................................................................................................................. 89 

3.1 Flaming .............................................................................................................................................. 90 

3.2 Steaming ........................................................................................................................................... 97 

3.3 Girdling ............................................................................................................................................ 103 

4. Covering Plants with Sheet Barriers .................................................................................................. 109 

4.1 Mulching ......................................................................................................................................... 110 

4.2 Tarping ............................................................................................................................................ 115 

4.3 Solarizing ......................................................................................................................................... 123 

5. Controlling Plants at a Plant Community Scale ................................................................................. 128 

5.1 Competitive Planting ....................................................................................................................... 129 

5.2 Burning ............................................................................................................................................ 141 

5.3 Grazing ............................................................................................................................................ 151 

5.4 Mechanized Tillage ......................................................................................................................... 172 

6. Biological Control .............................................................................................................................. 183 

6.1 Arundo (Arundo donax) .................................................................................................................. 193 

6.2 Bull Thistle (Cirsium vulgare) .......................................................................................................... 200 

6.3 Canada Thistle (Cirsium arvense) .................................................................................................... 204 



 

6.4 Cape-Ivy (Delairea odorata) ............................................................................................................ 210 

6.5 Dalmatian Toadflax (Linaria dalmatica) .......................................................................................... 215 

6.6 Gorse (Ulex europaeus) ................................................................................................................... 219 

6.7 Knapweeds (Centaurea diffusa, C. jacea, C. stoebe, C. virgata) ..................................................... 224 

6.8 Mediterranean Sage (Salvia aethiopus) .......................................................................................... 233 

6.9 Musk/Italian/Milk Thistles (Carduus nutans, C. pycnocephalus, Silybum marianum) .................... 236 

6.10 Puncturevine (Tribulus terrestris) ................................................................................................. 241 

6.11 Purple Loosestrife (Lythrum salicaria) .......................................................................................... 244 

6.12 Rush Skeletonweed (Chondrilla juncea) ....................................................................................... 250 

6.13 Russian Knapweed (Acroptilon repens) ........................................................................................ 255 

6.14 Scotch Broom (Cytisus scoparius) ................................................................................................. 259 

6.15 St. Johnswort (Hypericum perforatum)......................................................................................... 264 

6.16 Saltcedar (Tamarix spp.) ............................................................................................................... 270 

6.17 Tansy Ragwort (Senecio jacobeae)................................................................................................ 278 

6.18 Yellow Starthistle (Centaurea solstitialis) ..................................................................................... 283 

 



1 
BMPs for Non-Chemical Weed Control 

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 economic damage. 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 
reducing 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 environments. (Invasive plants are considered weedsτunwanted plantsτand 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 Management 
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 includes prevention 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 combination to control weeds. These BMPs are part of a larger collaborative project by 
ǘƘŜ /ŀƭƛŦƻǊƴƛŀ LƴǾŀǎƛǾŜ tƭŀƴǘ /ƻǳƴŎƛƭ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ 5ƛǾƛǎƛƻƴ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ 
and Natural Resources (UC ANR) with funding from the California Department of Pesticide Regulation. In 
addition to compiling these BMPs, the project will build an online decision support tool to help land 
management practitioners assess and choose non-chemical weed control approaches for their specific 
real-world situations. 

Practitoners, policy makers, and 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 accomplished without using herbicides, using non-chemical 
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 methods 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, much of 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 techniquesτ
either how they are applied or how they control a weed. We cover: 

¶ Removing whole plants ς this includes various methods all designed to help remove an entire 
plant, or as much of it that you can get to, from the ground.  

¶ Controlling plants by cutting ς there are many ways to sever plant stems, from sawing down 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). 

¶ Controlling plants in place ς some treatment approaches can damage weeds 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.  
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¶ Covering plants with sheet barriers ς whether using tarps or mulch, placing a physical barrier on 
the ground can stop weed growth. Using clear tarping to trap heat can solarize weeds. 

¶ Controlling plants at the community scale ς there are a family of techniques that work at the 
scale of the entire vegetation community, including burning, grazing, competitive planting, and 
soil cultivation (such as plowing).  

¶ Biological controls ς 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 harming other 
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 is not exhaustive it does represent those non-chemical approaches 
ŎƻƴǎƛŘŜǊŜŘ Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜ ōȅ ǇǊŀŎǘƛǘƛƻƴŜǊǎΦ .atǎ ŦƻŎǳǎ ƻƴ ǿŜŜŘ ΨŎƻƴǘǊƻƭΩ ƛƴ ǿƘƛŎƘ ǘƘŜ ƭŀƴŘ ƳŀƴŀƎŜǊ 
ŀƛƳǎ ǘƻ Ŧǳƭƭȅ ǊŜƳƻǾŜ ǘƘŜ ǿŜŜŘΩǎ ƛƳǇŀŎǘ ŦǊƻm an area. Some techniques can also be used for weed 
ΨǎǳǇǇǊŜǎǎƛƻƴΩ ƛƴ ǿƘƛŎƘ ǘƘŜ Ǝƻŀƭ ƛǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ cover of weed and thus partially reduce its impact.  

¢ƘŜ .at ŦƻǊ ŜŀŎƘ ǘŜŎƘƴƛǉǳŜ ƛƴŎƭǳŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿΣ ŀ ƎŜƴŜǊŀƭ ΨƘƻǿ ǘƻΩ ǎŜŎǘƛƻƴΣ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ŎƻƳōƛƴƛƴƎ 
with other techniques, conditions under which it is especially 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, snakes, etc., are not 
specifically called out; practitioners should be aware of proper safety protocol and personal protective 
equipment (PPE).  

An online decision support tool that organizes non-chemical techniques by their efficacy for specific 
plant and site characterists is under development with input from all non-chemical 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 the goal 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 in California 
Specific references are listed for each BMP. Several more general references bear listing here as 
overarching resources for these approaches: 

¶ The Cal-IPC website (www.cal-ipc.org) contains links to 
o Assessments and management notes for 200 invasive species 
o A downloadable version of the ²ŜŜŘ ²ƻǊƪŜǊǎΩ IŀƴŘōƻƻƪ  
o Training videos, including Principles of Weed Control, Techniques for Controlling Woody 

Plants, Overview of Manual Weed Management Tools, and Tool Belts, including 
excellent practical insight from Ken Moore, a wildland weed warrior icon in California. 

¶ The Weed Research & Information Center at U.C. Davis (https://wric.ucdavis.edu/) compiles 
research on control approaches for individual weed species. Specifically, the reference manual 
Weed Control in Natural Areas in the Western United States, a comprehensive manual by 
/ŀƭƛŦƻǊƴƛŀΩǎ ǇǊƛƳƛŜǊ ǿŜŜŘ ǎŎƛŜƴǘƛǎǘΣ 5ǊΦ WƻŜ 5ƛ¢ƻƳŀǎƻ ŀƴŘ Ŏƻ-authors that compiles 
recommended non-chemical and chemical control methods for 340 weeds.  

¶ LƴǾŀǎƛǾŜ tƭŀƴǘǎ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ²ƛƭŘƭŀƴŘǎΣ ŀ ƎǳƛŘŜ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ǿƻǊǎǘ ǿŜŜŘǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƛǇǎ ƻƴ 
how to remove them by Dr. Carla Bossard and co-authors.  

http://www.cal-ipc.org/
https://wric.ucdavis.edu/
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1. Removing Whole Plants  

 
Removing whole plants encompasses a wide variety of tools and techniques that are designed to 

remove entire plants, roots and all when possible, so that they cannot regrow and reproduce.  This 

section includes the following BMPs: 

¶ Manual removal (whole plant removal with hand tools) 

¶ Grubbing with hoes 

¶ Scuffle hoeing 

¶ Severing roots 

¶ Whole plant removal with large equipment 
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1.1 Manual Removal 
 

Lead author: Travis Bean 

Co-authors: Jutta Burger, Pete Frye, Rachel Kesel, Marla Knight, Dan Lubin, Shani Pynn  

Additional contributors: John Kenny, Joan Miller, Tom Reyes, Susan Schwartz  

 

Overview: 
Manual removal of weeds by hand or using hand tools (hereafter referred to as manual removal) is one 

of the most common techniques used across the state. The goal of this technique is to remove entire 

plants, including their roots, to the point where they cannot resprout. Manual removal is not 

recommended for 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 by pulling or digging up the plant from the soil. Using a tool often provides a better 

grip on the plant or provides a fulcrum to leverage the plant and roots out of the soil. This technique is 

used by both volunteers and professionals and is often the best non-chemical method to eliminate 

nascent weed populations as they are discovered. Manual removal can be very time- and labor-intensive 

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

Lightweight, low-tech tools 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 tools, like weed wrenches, are needed for 

larger plants. Examples of tools commonly employed in manual removal include: 

 

¶ Your hand 

¶ Dandelion/forked weeder 

¶ Digging bar  

¶ Garden fork/spading fork  

¶ Hori-hori soil knife 

¶ [ƛƴŜƳŀƴΩǎ ǇƭƛŜǊǎ  

¶ Mattock/Pulaski/pickaxe 

¶ Shovel/trenching shovel/sharpshooter shovel 

¶ Weed wrench 

¶ 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 from. Beyond just using your hand to pull a plant, a few of the most popular are 

described below.  

A dandelion or forked weeder is a popular weeding tool for smaller, herbaceous (non-woody) 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 with fibrous or spreading roots). A hori-hori soil knife is also very helpful for removing smaller 
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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 BMP). A garden or spading fork can be used to remove 

plants with fibrous root systems such as bunchgrasses, or even shrubs with limited, shallow root balls 

όƭƛƪŜ ǇƭŀƴǘŜŘ ƻǊƴŀƳŜƴǘŀƭǎύ ŀƴŘ ǿƻǊƪǎ ōŜǎǘ ǿƛǘƘ ƭƻƻǎŜ ƻǊ Ƴƻƛǎǘ ǎƻƛƭΦ [ƛƴŜƳŀƴΩǎ ǇƭƛŜǊǎ ŀǊŜ ƻŦǘŜƴ ǳǎŜŘ ōȅ 

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 from cobbly or 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 

heavy-duty tool 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 fountaingrass, pampas grass, or jubata grass, 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 deeply-rooted plants. 

The weed wrench is useful for uprooting 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 soil) using a chain that is securely wrapped around the main stem and 

attached to a hand-winch 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 pressure is applied.  

 

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 select tools for specific environments and types of plants. Timing 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 fibrous-stemmed plants, try using ƭƛƴŜƳŀƴΩǎ ǇƭƛŜǊǎ ǘƻ ƛƳǇǊƻǾŜ ȅƻǳǊ ƎǊƛǇΦ !ƴƴǳŀƭ ƎǊŀǎǎŜǎ 

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, or Pulaski if care is taken to 

remove all tillers. This technique is counterproductive for sod-forming species when sod cannot be 

entirely removed.  

Perennial shrubs, trees, and vines are more difficult to remove as whole plants and should be targeted 

as young plants or seedlings. Weed wrenches can be used for older, woody plants. Clear obstructions 

away from the base of the plant in order to securely fasten the jaws to the main stem at ground level 
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and provide room for pulling back on the tool. Older perennials have more 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 of this technique 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 of native 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 period will mean 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 labor force 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 workers. Weed 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 be targeted 

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 difficult and damage to habitat may be an issue. Plants may also readily re-root 

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 impact effectiveness 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 of non-target 

damage and reducing detectability of target plants.  

 

Special Tips: 
Fill in holes created 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 transported 

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 also make it easier to relocate previously treated areas for follow-up 

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. A saw may 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 to collect large seeds (e.g., from goatgrass) or grass thatch (e.g. from 

bromes or medusahead) for disposal. Raking with a fixed-tooth rake can be used to remove pieces of 

sprawling or vining weeds like English ivy. 

 

Optimal Conditions for Use: 
Optimal conditions for manual control techniques include a well-trained 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 less-developed root systems, species that cannot resprout 

from vegetative fragments, and species that have gone to seed. Manual removal can be especially useful 

when fine-scale selectivity 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 manual removal 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 hazards. Low-moderate 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 certain locations, 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. 

Cultural resources. Low-moderate 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. 

Habitat. Low-moderate risk. In thick cover with limited visibility of the soil surface, there is a higher risk 

of damage to non-target plant and animal species. Also, the risk that weed workers can track or move 

weed seeds and soil pathogens on clothing, tools, and 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 species. Low-moderate risk. Take note of and avoid nesting animal species and sensitive plant 

species. 

Erosion. Low-moderate 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 surfaces with 

litter or other plant material to minimize erosion. Level of erosion is directly correlated with density of 

the target population being removed. 

 

Other Non-Chemical Methods to Combine With: 
Manual removal can be combined with any other weed control technique. 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 a single season. Manual removal can also be useful following large-scale activities or less 

selective techniques like mowing or broadcast herbicide application to remove late emerging individuals 

and resprouts.  

Large pampas grass and jubata grass plants can be successfully removed by using a combination of 

manual removal and other cutting tools. First 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 a 

chainsaw, reciprocating saw (see Chainsawing BMP), or Pulaski, creating manageably-sized 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 re-restablishment.  

 

When Not 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 already dispersing seeds unless seeds can be contained or unless there is 

already a large soil seed bank. 
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Photographs: 

  

Two common tools for used for whole plant removal. Left: Soil knife or hori hori (Photo credit: Cal-IPC). Right: 

forked weeder Photo credit: Jutta Burger. 

      

Two modifications of common digging tools. Left: A forked weeder on a pole to improve weeding ergonomics 

Photo credit: Jutta Burger. Right: A digging bar shortened and sharpened to serve as a handy weeder. Photo credit: 

Marla Knight. 
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Whole plant removal sequence for mature artichoke thistle using a pickaxe. Note massive root structure and large 

hole that was dug to excavate the root. This technique is not recommended for undisturbed habitat because of the 

degree of disturbance that it causes. Photo credit: Dave Wilson.  

 

 
Set-up for late season removal of crimson fountain grass with pickaxe (well-suited tool for rocky conditions). Note 

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: Cal-IPC. 

 

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 with Hoes 
 

Lead author: Christopher McDonald  

Co-authors: None 

Additional contributors: Phillip Cramer, Henry DiRocco, Aaron Echols  

 

Overview: 
Hoes are hand tools that have been used in agriculture for at least 4,000 years. As they have been in use 

for thousands of years and across numerous agricultural civilizations, a variety of hoe blades, handle 

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

handle generally 4-6 feet long, and a wide flat metal blade that is perpendicular to the shaft. Usually the 

blade is rectangular in shape, although many different blade shapes have been developed, from 

triangular, to more rounded and heart-shaped, to long and thin, to ones where the blade has been 

divided into tines, like a fork hoe.  

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

order to cut weed roots below the soil surface. When pulling or lifting the shaft, it can also be used to 

turn over the soil around a weed, uplifting some of its roots. A grub hoe is operated by lifting the shaft 

and swinging the blade into the ground, so the blade penetrates the soil and severs weed roots or 

stems. Grub hoes are best used on herbaceous annual weeds with a single central root and small- to 

medium-sized 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 plants, but it can be used to chop through small woody plants and 

seedlings.  

Grub hoes are most useful for low-density weed infestations or for early detection and rapid response 

(EDRR) situations. A land manager can work small- to medium-sized weed patches before 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 people. Hoes should be used where some soil disturbance can be 

tolerated.  

This technique is used by land managers and 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 hoes are relatively 

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 section will not 

cover all the dozens of different blade types. Note that most garden hoes available in residential garden 

ŀƴŘ ƘƻƳŜ ƛƳǇǊƻǾŜƳŜƴǘ ǎǘƻǊŜǎ όŀƭǎƻ ƪƴƻǿƴ ŀǎ άŘǊŀǿ ƘƻŜǎέύ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ŘŜǎƛƎƴŜŘ ŦƻǊ ŎǊŜŀǘƛƴƎ ŦǳǊǊƻǿǎ 
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in soft soil for planting seeds and are not sturdy enough for field work. The grub hoe tends to be heavier 

and much more robust than a draw hoe and can be used in difficult weeding situations. 

The grub hoe (alternatively called chopping, digging, ring, eye, field or peasant hoe) has a ring (or ΨeyeΩύ 

or collar at the top of the blade where the shaft is directly connected to the blade. The shaft of the grub 

hoe sits above or on the blade, which is different from a draw hoe which has a curved connector 

between blade and shaft. The 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 blade. The blade should be kept sharp to 

better chop weeds, and a small pocket file can help keep the tool sharp in the field. A sturdy grub hoe 

will weigh 2-5 pounds to better penetrate the roots and soil.  

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 roots. The shaft of the 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 bank. Though a hoe can be used to clear 

dense weed patches, it can also be used to carefully work around non-target species.  

Often a grub hoe is best used to treat weeds with a single taproot as found in many dicots, such as 

ƎƻŀǘΩǎ ƘŜŀŘ όTribulus terrestris), tumbleweed (Salsola spp.), smaller cheeseweed plants (Malva 

parviflora), and dandelion (Taraxacum officinale). It can also be used to treat invasive annual grasses 

such as bromes (Bromus spp.) and oats (Avena spp.). If a grub hoe has a rectangular head, the user can 

rotate the tool 30-45 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 and they will need to be sharpened sooner.  

A grub hoe with a pointed, triangle-shaped blade is also useful in situations where more delicate and 

precise weeding is needed compared to a rectangular grub hoe. Sometimes this hoe is called a triangle 

hoe or pointed 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 triangle-shaped grub hoe is, as the name suggests, shaped like a 

triangle and swung like a standard grub hoeThe pointed tip is used to precisely weed around non-target 

plants, such as if annual weeds were growing near a native shrub seedling. The triangle grub hoe can 

also more easily 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 deeply, or 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, such as ice plant 

(Carpobrotus spp.) or St. Augustine grass (Stenotaphrum secundatum). In this case the runners will need 

ǘƻ ōŜ ΨƎǊǳōōŜŘ ƻǳǘΩ ǘƻ ŎƘƻǇ ƭŀǊƎŜ Ǉƭŀƴǘǎ ƛƴǘƻ ǎƳŀƭƭŜǊ ƳŀƴŀƎŜŀōƭŜ ǇŀǘŎƘŜǎΦ ¢ƘŜ ǳǎŜǊ ǿƛƭƭ ƴŜŜŘ ǘƻ ŜƴǎǳǊŜ 

all of the plant parts are removed since small plant fragments can resprout and survive the hoeing 

treatment. 
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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 soil can be worked. Hoeing may be most effective when flowers 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 older plant. Weeds can be treated at nearly any time in 

development with a hoe. Perennials can be treated at any time but should be treated before or at the 

flowering stage to minimize seed set.  

Under dry conditions or compact soils, more force needs to be applied 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 heavy-duty triangle hoe will be even more effective, but will dull more quickly. 

A high-quality grub hoe costs less than $100. With proper care and sharpening a hoe can be used for 

many years. The cost of the tool is cheap compared to the labor to use it, so a grub hoe is best used in 

treating small infestations or small areas. A person can only hoe a small fraction of a gross acre with 

moderate weed cover in a day. In agricultural settings, 10-25 people 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 of treatment. If weed cover is low, e.g. 1-5%, then a single person could manage a gross acre 

in a day, effectively hoeing only a few thousand square feet of weeds. The light weight of a hoe, 

compared to herbicides or mechanized tools, makes it a very useful tool in low-density weed 

infestations and in EDRR situations for non-resprouting annual weed species, where workers might hike 

long distances to a site. Similar benefits exist in terrain that is difficult to walk through, such as on slopes 

or unstable soils, where carrying a lightweight tool is safer and more efficient. 

 

Special Tips: 
For better penetration in hard soils, use longer, skinnier hoe blades. A freshly sharpened blade will 

increase soil penetration and reduce user fatigue, so keep blades sharp by filing. Blades become dull 

more quickly when 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 this (see Scuffle Hoeing 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 manygrub hoe designs may be most useful for your situation. . Forked hoes are 

used more for dislodging weed roots in loose soils (see Cultivation BMP). Some hoes are designed for 

niche uses such as planting tree seedlings (i.e. a hoedad). A variety of hybrid tools are also available that 

combine a hoe blade with other tool heads. For instance, a mattock combines a pick and a hoe 

implement in its dual-purpose head.  

 

Optimal Conditions for Use: 
The grub hoe is most effectively used for plants that crown sprout, are 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 successful, all parts of the weed that can produce new plants must 

be severed from their roots. If the plant can resprout or form underground storage structures, such as 

nutlets, bulbs, or corms, hoeing plants may not be 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 than suppress a weed. Hoeing can disturb soils, creating areas where some weed 

species may thrive (including tumbleweed Salsola spp., mustards Brassica spp., and stinkwort Dittrichia 

graveolens). Soil disturbance may also bury weed seeds promoting future germination through a seed 

bank. 

 

Potential Hazards to Humans, Environment, and Cultural Resources:  
Human hazards. Low. The most direct hazard from using a hoe is being struck with the blade or shaft. 

Workers should be well separated so they do not injure one another when swinging a hoe or striking the 

blade on the ground. Worker training is advised. ! ƎƻƻŘ ǊǳƭŜ ƻŦ ǘƘǳƳō ƛǎ млΩ ǎǇŀŎƛƴƎ ōŜǘǿŜŜƴ ǿƻǊƪŜǊǎ 

όάǿŀǘŎƘ ȅƻǳǊ ŘƛƳŜΗέύΦ Closed-toe shoes or boots may prevent or lessen injury if struck on the foot with a 

hoe. If used too aggressively users may get blisters on their hands or may get fatigued quickly. Workers 

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 blade, shaft length, balance of the hoe, and regular sharpening 

may alleviate these problems and improve ergonomics. Repeated stooping can cause significant back 

injury especially with too short a handle or if the hoe is used improperly or not sized properly for the 

worker. The short-handled hoe has been banned from use in the professional contractor industry in 

California for worker-safety reasons.  

Cultural resources. Moderate. A hoe can damage objects below ground so it should be used with caution 

in culturally sensitive areas.  

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 wildland setting. 

Sensitive species. Low-moderate. Hoeing may damage small animal burrows. 

Erosion. Low-moderate. Since a hoe is relatively small and is manually powered erosion would become a 

risk if a large group of people were intensively hoeing a single area, especially if the site was sloped, 

near a streambank that could erode, or on highly erodible soils. 

 

Other Non-Chemical Methods to Combine With:  
Other hand tools that can remove woody weeds, such as weed pullers, saws and cutting tools (see 

.atΩǎ ŦƻǊ ǘƘƻǎŜ ǘŜŎƘƴƛǉǳŜǎύ ŀǊŜ ǳǎŜŦǳƭ ǿƘŜƴ ǿƻǊƪƛƴƎ ƻƴ ǎƛǘŜǎ ǘƘŀǘ ƘŀǾŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ǿŜŜŘ ǘȅǇŜǎ ǎǳŎƘ ŀǎ 

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.  
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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. This includes deeply rooted perennials like 

perennial pepperweed (Lepidium latifolium) and Japanese knotweed (Fallopia japonica). This also 

includes weeds that have underground storage structures, (rhizomes, nutlets, bulbs or tubers) such as 

nutsedges (Cyperus spp.) and Johnsongrass (Sorghum halepense). And it includes weeds that form 

stolons or resprout from nodes, such as Bermuda grass (Cynodon dactylon) or Cape ivy (Delairea 

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 swan-neck garden hoe (aka draw hoe), an 8 in. wide grub hoe, a 5.5 in. wide field-

style grub hoe, and a 5 in. wide triangle-shaped grub hoe. (Note: The swan-neck garden hoe is not recommended 

for wildland weed use and is shown for comparison purposes). Photo credit: Christopher McDonald. 
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This 8έ-wide grub hoe, also called a grape hoe, has a curved blade. Photo credit: Christopher McDonald. 

 

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 lettuce (Lactuca serriola) below ground level. Photo 

credit: Christopher McDonald. 
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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 serriola) at the surface. Photo credit: Jack McDonald. 

A triangle-shaped grub 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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Triangle-shaped grub hoe being used to precision weed near a small native Lupine (Lupinus truncatus) 

(bottom center). Photo credit: Natalie McDonald. 
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Supplementary Information: 
Small patches of weeds can be easily and effectively controlled with a 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 treatments are needed to catch those weeds that survived the first treatment because 

they may have been accidentally buried or missed. 

A grub hoe can be very effective on small- to medium-sized grasses, but large perennial bunch grasses 

may not be an appropriate target. As shrub size and woodiness of the stem and roots increase the tool 
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becomes ineffective. Many weedy vines are able to re-sprout from a treatment, including from plant 

fragments in moist soils, in those cases a grub hoe would be ineffective. Seedlings of 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 not re-sprout, hoeing will be effective. Many 

perennials can resprout when cut, even a few inches below the soil surface and hoeing treatments will 

not be effective. Hoeing can be a successful technique on smaller woody perennials, but it is not 

applicable when the stem is too woody to cut and a cutting tool would be needed (such as an ax, saw, or 

loppers).  

When used correctly and on susceptible weeds, the grub hoe is a highly effective tool regardless of 

propagule production. Because the blade is relatively small nearly every plant will need to be treated to 

stop reproduction, thus with plants that have a 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 of ŀ ǎǇŜŎƛŜǎΩ seed longevity. This tool also 

disturbs the soil which may cause some seeds to be buried, benefitting those weeds with moderate and 

long-lived 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 with moderate to long-lived seeds. If plants are difficult to detect, then this method will not work 

well on plants with long-lived seeds as treatments may not reduce the number of seeds being produced 

each year. 

This technique is best suited to small scale infestations and is not suited for managing medium and 

large-scale infestations. As scale becomes larger, it is difficult to hoe that area unless labor is increased 

to levels appropriate to the infestation. Hoeing large areas is sometimes conducted by large groups of 

volunteers or workers as the tool is relatively easy to use, 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 hand, a long-handled 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 re-root and continue 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 ground, in that case this 

tool would be ineffective. 
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1.3 Scuffle Hoeing 
 

Lead author: Christopher McDonald  

Co-authors: Shani Pynn, Tom Reyes 

Additional contributors: Henry DiRocco, Phillip Cramer 

 

Overview: 
Scuffle hoes are designed to remove weeds by a push-pull (άǎŎǳŦŦƭƛƴƎέύ motion that cuts just under the 

soil surface. There are two types of scuffle hoes, the stirrup hoe and flat-bladed hoes, which include 

άŘǳǘŎƘέ push hoes and triangle hoes. Here we will focus mostly on describing the stirrup hoe, which is 

generally 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 swivel hoe. One common 

brand is the Hula Hoeϰ. It consists of a handle generally about 5 feet long with a blade in the form of a 

trapezoidal ring of sharpened metal shaped like a stirrup. The stirrup-shaped cutting piece is pulled 

along the surface of the soil or just under the surface of the soil to sever a plant stem or roots. The 

stirrup hoe can be worked with a forward pushing action as well as a backward pulling action, and often 

it is worked continuously back and forth in both directions. The metal blade may swivel a short distance 

in its frame such that it oscillates when being worked back and forth, however in some models the 

stirrup shaped blade is fixed and does not oscillate. The stirrup hoe is not lifted and swung into the 

ground like the action of a grub hoe (see Grubbing with Hoes BMP). 

Scuffle hoes work by cutting the root crown or roots of a weed depending on the depth of the cut. As 

long as the upper parts of the plant do not re-root 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 underground storage structures, such as bulbs, rhizomes or tubers, or plants that are woody 

or re-sprout from nodes or plant fragments. 

Weeds should be hoed with a scuffle hoe when they are small- to medium-sized. A stirrup hoe in 

particular is a good tool to use when small- to medium-sized 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 through mid-spring. Hoes are 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 season by scuffle hoeing for several reasons. 

Occasionally weeds will re-root 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 individual, especially with small annuals (in this case a broad scale method would be 

more effectiveτsee 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 and may resprout. If treated 

species can resprout, then multiple treatments will be needed. Scuffle hoeing can 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 hoe in particular is a very inexpensive tool. Cheap ones can be purchased for less than $20, 

however at the lowest prices, the quality of the tool is also low.  

A limitation with scuffle hoes is the amount of labor needed to treat large areas. Although few studies 

have been conducted with scuffle hoes, it is assumed here that their efficiency is somewhat similar to a 

grub hoe. In agricultural settings, a team of 10-25 people are needed to treat about 2.5 infested acres 

with a grub hoe in a day. If weed cover is low, between 1-5% for example, and weeds are small- to 

medium-sized annuals, then a single person could manage an acre in a day, assuming detectability of the 

weeds is high, because they would only be treating a few thousand square feet of weeds in a day. The 

ability to treat large areas with hoes limits their usefulness in medium- to large-scale weed infestations.  

 

How to Use: 
A scuffle hoe is pushed and pulled, on or just below the soil surface (often ¼ to ½ 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 continuously forward and backward. The motion entails pushing and pulling the arms, keeping a 

straight back, and slightly moving sideways to clear the entire weed patch. A stirrup 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 and spurges) and 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 performance. Some hoe varieties need more sharpening 

than others, depending on the quality and shape of the metal. If 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 task, where a grinder 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 groups. Some 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 several pounds, have a stout handle, 

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

with rough use.  

Some on-site 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 soil, like when using a grub or draw hoe. Despite this minimal amount of training 

needed, the tool is much more efficient at weeding compared to 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 practice, a scuffle hoe can be used as a precision weeding tool. If the blade of the stirrup 

hoe is turned to a 30-45 degree angle the narrow bend of the hoe can be used to precisely pick small 

individual weeds out around non-target species. This may be useful in situations when annual weeds 
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such as mustards (Brassica spp.) are growing around native wildflowers or other non-target plants. 

Triangle hoes are also easily used as precision tools because of their sharply angled edges. 

The stirrup hoe is used to treat small- to medium-sized herbaceous weeds and herbaceous perennials 

that do not resprout. They do not work well on large annuals and therefore are not recommended when 

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 of the ground or the roots are soft enough 

to be severed. However, it may be useful if the weeds have started to flower, but before seeds have 

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

with a thick taproot such as large cheeseweed plants (Malva parviflora) or large mustards (such as black 

mustard, Brassica nigra, or short podded mustard, Hirschfeldia incana). The tool is ineffective on woody 

species, except in the seedling stage.  

In contrast to its limited utility in treating large areas, the stirrup hoe is very useful for treating low 

density weed infestations and very localized seedling flushes of weeds. If small patches of weeds are 

widely scattered over multiple acres or sites, such as in early detection rapid response situations, then 

using a stirrup hoe may provide an efficient use of labor, similar to using a grub hoe. Hoes are 

lightweight compared to mechanized tools, so when carrying a hoe, workers will not fatigue as quickly 

as if they were carrying heavier equipment such as a string trimmer. Similar benefits exist in terrain that 

is difficult to walk through, such as on slopes or unstable soils, where carrying a lightweight general-use 

tool is more useful and safer than carrying a heavier or sharp-bladed tool especially in the early- and 

mid-growing season. 

This tool can be used effectively on many weed species with little personnel training in many situations, 

with little risk to adjacent workers. It can be a reliable tool 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. 

 

Special Tips: 
There are few if any variations on how a stirrup hoe is usedτit is 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 each stroke 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, respectively. Flat-

ōƭŀŘŜŘ άŘǳǘŎƘέ ƘƻŜǎ Ƴǳǎǘ ōŜ ǇǳǎƘŜŘΣ ƴƻǘ ǇǳƭƭŜŘΦ 

 

Optimal Conditions for Use: 
The stirrup hoe works best early in the season when weeds are small, in soils without rocks or cobbles, 

and in flat to moderately sloped areas. The stirrup hoe may be a tool of choice if traveling long distances 

to a work site since the tool is lightweight, easy to carry, and has 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 weed at ground level is sufficient to 

avoid resprouting.  
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Caveats: 
When using a stirrup hoe, workers must be able to identify the target species in the seedling stage 

through the vegetative stage before flowers or other diagnostic features are present. Detectability must 

also be high since treatments are successful when cutting an entire individual plant or a small clump. A 

stirrup hoe will not control the weed population if seeds on target plants have matured, or will mature 

after cutting. 

In hard, dry ground where the hoe cannot penetrate the top layer of soil, this technique may have 

limited effectiveness on plants that resprout when the stem is cut too high (such as short pod mustard  

or flax-leaved horseweed (Erigeron bonariensis). 

Hoeing disturbs soil surfaces and is relatively non-selective. 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 risk. The stirrup hoe is a low risk tool to use, with the main hazard being injury from being 

struck with the tool blade or shaft. Since the stirrup hoe is not lifted when used, this risk should be 

minimal. Closed-toed shoes or boots and pants may prevent or lessen injury if struck on the foot or leg 

with a stirrup 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 quickly. Stooping can be 

an issue with a stirrup hoe and users 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. 

Cultural resources. Moderate risk. Since a stirrup hoe can potentially damage objects belowground it 

should be used with caution inculturally important areas. 

Habitat. Low-moderate risk. 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 species. Low-moderate risk. A hoe may damage the burrow of small animals. 

Erosion. Low-moderate risk. Erosion would become a risk if a large group of people were intensively 

hoeing a single area, especially if the site was sloped, near a streambank that could erode, or on highly 

erodible soils. 

 

Other Non-Chemical Methods to Combine With:  
The stirrup hoe pairs well with a grub hoe in the early and middle stages of the growing season in sites 

that are highly disturbed. This pairing works well because each tool is slightly more efficient at different 

growth stages and sizes of weeds. The grub hoe more effectively and easily chops larger and more 

fibrous weeds (see Grubbing with Hoes BMP), while a stirrup hoe is more effective on smaller thinner 

weeds and seedlings. In areas with woody weeds, hand tools that can treat woody weeds, such as weed 
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pullers, saws and cutting tƻƻƭǎ όǎŜŜ .atΩǎ ŦƻǊ ǘƘƻǎŜ ǎŜŎǘƛƻƴǎύ ǇǊƻǾƛŘŜ ŀƴ ŜŦŦŜŎǘƛǾŜ ǇŀƛǊƛƴƎΦ CƻǊ ǎƛǘŜǎ ǿƛǘƘ 

a mix of annuals and weeds with a large taproot, a dandelion fork may be paired with a stirrup hoe. 

 

When Not to Use: 
A scuffle hoe is not effective on weeds that have underground storage structures, such as nutlets, bulbs 

or tubers. The top of these plants will be removed, but the plant will grow back. In addition, a stirrup 

hoe should be used with caution when weeds form stolons or rhizomes or both, such as bermuda grass 

(Cynodon dactylon). The stirrup hoe will cut the top of the plant and some of the shallow roots may die, 

but fragments of these plants may re-root and grow again, potentially creating many small plants where 

a few large individuals were initially growing. This tool is also ineffective at killing vines, such as field 

bindweed (Convolvulus arvensis) or Cape ivy (Delairea odorata), which may resprout or re-root from 

plant fragments. A stirrup hoe is not intended to cut through woody weeds, except for small woody 

seedlings. 

A scuffle hoe 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 grub hoe). The scuffle hoe 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 wetland or riparian weeds can resprout once cut, 

and a different technique may be required. 
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Photographs: 

 

A heavy-duty stirrup hoe (left) a light-duty stirrup hoe (right, Hula Hoeϰ brand). Photo credit: Christopher 

McDonald. 

 

A heavy-duty stirrup hoe cutting a young short-podded mustard (Hirschfeldia incana). Note the blade is being 

pulled just under the soil surface to cut the roots. Photo credit: Natalie McDonald. 
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A heavy-duty stirrup hoe being used to precision weed around California buckwheat (Eriogonum fasciculatum) 

seedlings. Note the blade is held at a 30-degree angle and the corner of the blade is used to pull out the adjacent 

weeds. Photo credit: Christopher McDonald. 

 

A triangle-shaped scuffle hoe. Some designs have a diamond shaped head and may be called a diamond hoe. 

Photo credit: Rogue Hoe Distributing. 
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A dutch push hoe-type scuffle hoe being used to clear grass seedlings in loose soil. Photo credit: Claire Meyler. 
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1.4 Severing Roots 
 

Lead author: Shani Pynn  

Co-authors: Pamela Beitz, Dan Lubin, Tom Reyes, Jutta Burger  

Additional contributors: Garrett Dickman  

 

Overview: 
Severing roots, also known as shovel shear and subsurface cutting, is a technique for severing the roots 

of plants just below (up to a few inches) the root crown and soil surface. It functions by completely 

separating the portions of the plant that harvest light from the portions that harvest water, and 

nutrients. This starves both portions of the plant from needed materials and the plant dies if the stem 

cannot produce more roots and the roots cannot produce more stems. 

This technique is useful for control of annual and young perennial weeds which are interspersed in areas 

with higher native plant cover. It is typically applied in areas where cover of the target species is low and 

minimizing disturbance to soil and surrounding vegetation is a priority. It can also be used in areas 

where the soil is fairly hard, making pulling difficult or impractical. Cutting through the soil just below 

the surface protects the soil 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 useful where precise work is needed to not damage surrounding plants and is 

generally low impact with regard to cultural resource concerns because of the precision of 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 an effective control method. This is, however, highly 

scale dependent as larger areas and infestations may require more personnel and time. It can also be 

used as a follow-up control method on seedlings and very young perennials in working toward 

eradication. If a large-scale treatment of another method has been implemented this is an ideal way to 

conduct follow-up removal work. 

 

How to Use: 
This technique works by severing the plant 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 with one strike 

per plant. It is highly selective and most efficient when done well before the target species sets seed and 

when the biomass can be left in place. It is an effective control method on annuals and very young 

perennials (where severing the root still requires 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 the root 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 the tool passes 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 comfort. Various 

tools used are: hori hori, lettuce knife, kitchen knife, steak knife, weeding pick, forked weeder, 

sharpened flat-ended shovel, trenching shovel, spade shovel, fire shovel, and root slayer shovel, pickaxe 

and mattock. Sharpness, angle, and end shape are important decision makers when choosing a tool. 

bƻǘŎƘŜŘ άǾέ ǘƛǇǎ ŀǊŜ a very effective end shape.  

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 more for tools 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 selective. Non-target damage is only 

expected if the non-target species 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 environments open 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 production when the 

biomass cannot be left behind. 

This method works mainly on plants with tap roots, including many annual and biennial thistles 

(including Carduus nutans, Cirsium vulgare, Dipsacus species, Onopordum acanthium, young Cynara 

cardunculus, Gysophila paniculata, Arctium lappa), as well as Pastinaca sativa,  mustards, young castor 

bean, young tamarisk, and many rosette-forming tap-rooted forbs. Note that mature Cynara 

cardunculus (artichoke thistle) will resprout when roots are cut. 

 

Special Tips: 
Make sure tools are sharp and stay that way. Carry 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, shovels with 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 cost effective.  

In wet conditions, modification can be made by holding the plant while cutting and then bagging or 

tossing it to a drier area. This is because some plants, especially those with thick roots, can re-root into 

wet soil and continue growing. This is most effective with small numbers of plants. 

For larger trees such as tamarisk, a scaled up, more impactful version of this technique involves cutting 

deep below ground and backfilling the resulting hole up to one foot deep to prevent 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 areas support plants that are more prone 

to resprouting. It is best done before seed is mature enough to ripen on severed stems so they can be 

left in place. Optimal conditions would be an infested area with clustered patches or scattered low 

density target plants interspersed with desirable vegetation. Optimal soils are fine (sandy, silty) and 

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 more resprouting potential and are therefore often not 

successfully controlled with this method. Severed stems may be able to reestablish. Reduce this risk by 

moving stems away from soil. Likewise, this technique may have a lower efficacy in areas with higher 

annual rainfall. 

Severing underground structures can be difficult in deserts, wetlands, and rocky soils. While this 

technique works well in dry conditions, it does not do well in dry, hard, clay soil where it is difficult to 

get a sharp tool through the ground. Soil must be soft enough to allow the cutting tool to be pushed 

through by hand or boot power and must not be so wet that plants left on the soil surface will be wet 

enough to root again. 

This technique is counterproductive on rhizomatous perennials, perennials with fibrous roots (e.g., 

perennial grasses), or species that reproduce by underground vegetative structures (bulbs, tubers, 

nutlets, etc.). 

Some species can resprout from taproots (e.g., artichoke thistle). This technique can prevent seed 

production but will not provide full control. Repeat visits will be necessary. 

Large infestations are labor intensive and may be more feasibly controlled with other methods. Under 

optimal conditions a one- to two-person crew can handle a quarter acre of net infested area in a day. 

Larger areas and higher densities become demoralizing, time consuming, and may increase the risks of 

repetitive stress injuries. Severing underground structures also does not outpace populations with a 

high rate of spread. 

 

Potential Hazards to Humans, Environment, and Cultural Resources: 
Human safety: Moderate risk. 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. Repetitive 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, persons may either be 

kneeling or standing, which leads potentially to stooping and back injury, especially if larger plants are 

being severed. Longer 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). 

Maintain a suitable safe distance between workers and 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 environmental hazards of the work site. 
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Cultural resources: Low risk. Because severing underground structures does not involve significant soil 

disturbance it is not likely to disturb cultural resources. Nonetheless, cultural resource experts should be 

consulted prior to initiating work if a site is located near to a cultural resource area of concern. 

General environment: Low risk. There is little concern of hazards to non-target species or the 

environment because of the high specificity and minimal impact of this technique. 

Sensitive species: Low risk. This technique penetrates the soil quickly. Care should be taken if there may 

be hibernating amphibians of concern in the area. However, this technique can be effective at fairly low 

depth soil penetration. Normal precautions should be followed to avoid nesting species. 

Erosion: Low risk. If done properly, this technique minimizes soil disturbance by severing structures 

below ground and typically leaving them in place. 

 

Other Non-Chemical Methods to Combine With: 
Severing underground structures may be used as a follow-up treatment for seedlings or saplings after 

other techniques have been used for initial control of larger tree or shrub species or for high-density 

removal. Large-scale high-density treatments can become less cost effective toward the tail end of a 

project when weed populations are too spread out. At that point this technique can be quite useful. As 

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 on established perennials and species with bulblets or corms that readily 

resprout. In some cases, underground severing can actually promote spread of these plants. It also 

cannot be used in extremely rocky soils, extremely hard soils, or under very wet conditions. 
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Photographs: 

 

Severing roots of pigweed using a hori hori. Note minimal disturbance of ground. Photo credit: Shani Pynn. 

  

Severing roots of tree tobacco using a sharpened shovel with minimal soil disturbance. Photo credit: Shani Pynn 

  
Severing roots of spurge using a sharpened shovel with minimal soil disturbance. Photo credit: Shani Pynn. 
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References: 
Tu, M., C. Hurd, J.M. Randall. 2001. Weed Control Methods Handbook: Tools & Techniques for Use in 
Natural Areas. All U.S. Government Documents (Utah Regional Depository). Paper 533. 
http://digitalcommons.usu.edu/533 
 

Supplementary Information: 
None. 
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1.6 Whole Plant Removal with Large Equipment 
 

Lead author: Pamela Beitz  

Co-authors: Ross Mitchel 

Additional contributors: Bruce Adams  

 

Overview: 
Large equipment consists of machinery such as bulldozers and backhoes. Under the right conditions, 

with appropriate permissions, 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 forms, regardless 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 easily re-established or protected. Soil compaction 

that results from 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 reach of equipment situated on adjacent stable ground. 

Annual plants and some shallow-rooted 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, 

deep-rooted 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. Therefore, this 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 or re-landscaping, as in fields of 

pampas grass or other large, high-density, contiguous infestations where killing and removal of biomass 

is the essential first step to re-establishing desirable vegetation.  

Because of the intensity of soil and habitat impact, permits are often required when digging. 

Underground 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 ensure its seed bank is fully depleted.  

 

How to Use: 
Heavy equipment comes in many shapes and sizes and can perform a wide variety of work. This 

ǘŜŎƘƴƛǉǳŜ ƻŦ ǿƘƻƭŜ Ǉƭŀƴǘ ǊŜƳƻǾŀƭ ƻƴ ŀ ƭŀǊƎŜ ǎŎŀƭŜ Ŏŀƴ ǇǊƻŘǳŎŜ ŀ ΨŎƭŜŀƴ ǎƭŀǘŜΣΩ ǊŜƳƻǾƛƴƎ ŀƭƭ ŀōƻǾŜƎǊƻǳƴŘ 

and belowground biomass. However, this outcome is rarely permissible or desirable unless a site is a 

future construction site or very intensive active restoration is planned as a follow-up.  

Equipment can be used to pull out plants and their roots, dig out or scrape off roots, scrape herbaceous 

plants, and remove top soil with its seed bank. Equipment that can be used for scraping and digging 
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include: backhoes, skid-steer loaders (Bobcatsϰ), and dozers. Suitable attachments for scraping include 

buckets, box scrapers, and rippers for 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 and digging should be 

followed-up by regrading and replanting or seeding. 

Scraping. Scraping can remove above ground plant and shallow roots along with seeds in top layer of 

ǎƻƛƭΣ ŀ ƳƛƴƛƳǳƳ ƻŦ мέΦ 5ŜŜǇ ǎŎǊŀǇŜǎ Ŏŀƴ ǊŜƳƻǾŜ ŘŜŜǇŜǊ ǊƻƻǘǎΣ ŀƭƭ ŀōƻǾŜƎǊƻǳƴŘ ƳŀǘŜǊƛŀƭ ŀƴŘ soil seed 

banks.  

In certain circumstances, the removal of nutrient-rich soil by scraping can benefit the establishment of 

native grasses, known to be more competitive than annual exotic grasses in poor soil conditions. This 

technique has been utilized effectively on serpentine soils at small scales where large equipment has not 

damaged surrounding areas. 

Uprooting. Large plants like pampas grass and various shrubs and small trees can be pulled out with an 

articulating bucket on a front loader, plucked out with backhoe, dug out with a bucket attached to a 

skid-steer 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 low-growing herbaceous plants and their roots. This technique leaves soil prepped for seeding 

or follow up applications. (See 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: 
After full plant removal using large equipment, competitive planting should be used as a follow-up. All 

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 secure all necessary permits to complete work and 

implement best management practices to reduce erosion and negative impacts to wildlife.  

 

Optimal Conditions for Use: 
Large equipment is most suitable for flat easily accessible sites with high invasive plant cover. 

 

Caveats: 

¶ Wet conditions may make terrain too unstable to support equipment.  

¶ Wet conditions increase soil compaction from equipment. 

¶ The optics of this technique can create public concern. Use explanatory signage. 

¶ Equipment is expensive, requires a trained operator, and can be difficult to get.  

¶ This technique is carbon-intensive and creates local pollution from burning fossil fuels. 



1.6 Whole Plant Removal with Large Equipment 

39 
BMPs for Non-Chemical Weed Control 

¶ Moving large quantities of soil requires best practices for reuse or disposal.  

¶ Moving soil brings risk of moving Phytophthora soil-borne pathogens. It is important that 

equipment arrives on-site free of dirt and vegetative debris, and that equipment is cleaned 

before it moves to the next project. See http://phytosphere.com/ for more information. 

¶ Off-road equipment may damage more habitat than it helps to protect by removing weeds 

depending on the site. 

¶ Permitting will probably be needed. 

¶ Heavy soil disturbance may create erosion. 

¶ Heavy equipment use can result in fuel and oil leaks or spills. Spill kits should be on site and 

available for use. 

 

Potential Hazards to Humans, Environment, and Cultural Resources: 
Human safety. High risk. Operators and nearby personnel can experience fatigue, hearing damage, 

repetitive stress injuries, inhalation of exhaust anddust, etc. Equipment can also roll over on uneven 

terrain. Proper training and Personal Protective Equipment (PPE) are essential.  

Cultural resources. High risk. Heavy equipment can damage cultural resources that are buried in soil or 

on the surface. Field surveys should be performed by a qualified professional. 

Sensitive species. High risk. Ground-dwelling insects, birds, amphibians and small mammals can all be 

harmed by heavy equipment. Work sites should be cleared by a qualified biologist. 

Habitat. High risk. Removal of nesting habitat, structure and cover for many wildlife species is likely with 

excavation. This method is very destructive and should only be used when the benefits outweigh these 

impacts. 

Erosion. High risk. Due to significant soil disturbance, erosion potential is high, especially when work is 

performed during the rainy season or on slopes.  This risk can be mitigated by implementing erosion 

prevention measures. 

Fire. High risk. Heavy equipment can start fires if operated in fine dry fuels. Assess the fuel conditions on 

site and consult fire weather restrictions in your area. This risk can be mitigated by having fire 

suppression equipment on site while working. 

 

Other Non-Chemical Methods to Combine With: 
Competitive planting is recommended as a follow-up technique in any area with substantial soil 

disturbance and low chance for natural regeneration. This technique can also be paired with manual 

removal after large equipment removal to remove resprouts or seedlings. 

 

When Not to Use: 

¶ Wet, steep or remote conditions 

¶ When sensitive resources are present 

¶ Without trained professional operators 

http://phytosphere.com/
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Video Demonstrations:  
Backhoe shrub removal: https://www.youtube.com/watch?v=CRCpZ_Ewfk8 

Removal by chain: https://www.youtube.com/watch?v=rwTM_WIBMNQ 

Chain harrow removal of herbaceous plants: https://www.youtube.com/watch?v=H7wRHccjr-A 

Brush jaw removal of shrubs, pampas grass: https://www.youtube.com/watch?v=W3XUTkcCy18 

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

Scraping and clearing: https://www.youtube.com/watch?v=ZZee5rxOeVE 

 

Photographs: 

 

Utility bulldozer. Photo credit: Rodney Smith, East Bay Regional Parks District. 

 

https://www.youtube.com/watch?v=CRCpZ_Ewfk8
https://www.youtube.com/watch?v=rwTM_WIBMNQ
https://www.youtube.com/watch?v=H7wRHccjr-A
https://www.youtube.com/watch?v=W3XUTkcCy18
https://www.youtube.com/watch?v=W3XUTkcCy18
https://www.youtube.com/watch?v=ZZee5rxOeVE
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Skip loader with articulating bucket on front and box scraper on back.. Photo credit: Rodney Smith, East Bay 

Regional Parks District.   

 

Narrow footprint excavator for excavation work on and near trails. Photo credit: Adam Maywhort. 
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Hydraulic tree spade. Photo credit: Photo credit: Dane Jensen, West Coast Arborists 

 

References: 
None listed. 

 

Supplementary Information: 
None. 




































































































































































































































































































































































































































































































