W% Weed Management Toolbox
Biological Control of Weeds

-

Most methods of biological weed management, also known as biocontrol, use
naturally occurring, living organisms to decrease weed abundance. These
methods do not eradicate the target weeds but rather exert pressure on them to
reduce their populations to more acceptable and manageable levels. They tend
to be long-term actions and only work with certain weed species. Biocontrol of
weeds is most often used on perennial and biennial species in natural areas,
rangelands, and other perennial ecosystems. It is less common in conventional
annual cropping systems where crop rotation, harvest, and soil disturbance can
more easily disrupt biocontrol organisms.

Clockwise from top left: The hawk moth caterpillar feeding on leafy spurge weeds, a rust
fungus of Canada thistle weeds, a ground beetle feeding on a seed and a grazing goat are all
examples of biological control methods for weed management. (Photo credits: W. Curran,
Penn State; Tim Seipel, Montana State; Eric Gallandt, University of Maine; and Texas A&M)

There are four main methods of biological weed control:

Classical: An organism (often non-native, but sometimes native) is released
into areas infested with the targeted weed, and the biocontrol organism
sustains itself by feeding on or infecting the weed and reducing the weed
population over time. These biocontrol organisms are intended to be very host-
species specific.
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Inundative: An organism is released or applied to control the target pest. Mass
release of insects to overwhelm the pest or applying a bioherbicide both fit this
category of “inundating” the pest. These techniques are intended for relatively
quick and shorter-term control, and release or application can occur multiple
times.

Conservation: A cropping system is manipulated to increase the populations
of natural weed-suppressing organisms.

Grazing: Herbivores such as cattle or sheep are used to reduce weed
populations.

Section 1. Classical Biocontrol
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The classical biocontrol approach involves releasing a specific biological agent,
such as an insect, fungus, bacterium or virus to a weed-infested area and
allowing the agent to increase in number and attack the weeds. This approach
often requires finding biocontrol organisms in the weedy plants’ home range,
evaluating their potential use, and then importing and releasing them. The
selected biocontrol agent must be very weed species specific and not target
anything considered beneficial or native. This can take many years and requires
passing numerous testing and regulatory requirements. If approved and
permitted through USDA-APHIS, this classical approach for biological control
often requires multiple seasons for the impact to be evident. Once established, it
is common for the biocontrol organism and the pest species to cycle back and
forth in abundance over time (see Figure 1). In theory, the pest and natural enemy
will reach some type of equilibrium or balance.

Figure 1. Theoretical dynamics of weedy
—  Weed pest and biocontrol agent over time with
g Rl Naturalenemy | classical biocontrol. Once the natural
enemy is introduced, the weedy pest
abundance or density declines until
some equilibrium of both the pest and
biocontrol agent is reached (image by

v W.S. Curran, Penn State — Adapted from
“.," | Flint & Dreistadt, 1998.)

Introduced

Density

[} 'Y
wphor __.‘
Equilibrium

»
*

Time

Biocontrol - 2



€ ,  GROW Weed Management Toolbox
~ Biological Control of Weeds

Section 1, con't.

Classical Biocontrol in the Field. Cactoblastis cactorum, a moth released in 1926
to reduce prickly pear cactus in Australia, and the Chrysolina beetles released in
the 1940’s that reduced St. John's Wort (Klamath weed) in California, are two
older success stories of classical biocontrol methods. Today, many beetles,
caterpillars, mites, weevils, and other insects continue to be pursued, examined,
and potentially released for suppression of perennial and biennial thistles, leafy
spurge, dalmatian and yellow toadflax, the knapweeds, purple loosestrife, salt
cedar, and many other weeds (Table 1). Pathogens including fungi, bacteria, and
viruses can also be successful biocontrol candidates. Of these microbes, fungi
have been most successful, and several different organisms show potential for
control of problem invasive weeds. Most recently, researchers in the West are
exploring use of a Canada thistle rust pathogen to manage that troublesome
weed. (See more on this in Section 5)

Image 1. An example of classical biocontrol is the Hawk moth caterpillar or
larvae feeding on leafy spurge in Montana (Image by W. Curran, Penn State).

Several western U.S. states have active classical biocontrol programs often
affiliated with universities, state departments of agriculture, and the federal
government. As examples, Colorado has the Colorado Department of Agriculture
Palisade Insectary and Montana, the Montana Biocontrol Coordination Project.
States outside the west also have biocontrol programs, including Florida with
substantial efforts in management of invasive aquatic species.
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WEED BIOCONTROL ORGANISM

Field Bindweed Bindweed gall mite

REGION

Western U.S./Canada

Bindweed moth

Pacific Northwest and Great Plains

Garlic Mustard Root mining weevil Europe
Hoary cress (whitetop) Gall mite Montana
Hounds tongue Root weevil Pacific Northwest and Canada

Knapweed species Sulfur knapweed root moth

Western U.S. and Canada

Broad-nosed knapweed seedhead weevil

Western and Central U.S.

Peacock fly

Western U.S. and Canada

Root weevil

Western U.S. and Canada

Lesser flower weevil

Western U.S. and Canada

Blunt flower weevil

Western U.S. and Canada

Seedhead moth

Pacific Northwest and British Columbia

Brown-winged root moth

Montana

Gray-winged root moth

Pacific Northwest and Montana

Bronze root borer

Western U.S. and Canada

Green clearwing fly
Banded fall fly

Western U.S.
Western and Northern U.S. and Canada

UV seedhead fly

Western and Northern U.S. and Canada

Leafy spurge Spurge flea beetles

Western U.S. and Canada

Brown dot flea beetle

Western U.S. and Canada

Black flea beetle

Western U.S. and Canada

Copper flea beetle

Western U.S. and Canada

Brown-legged flea beetle

Western U.S. and Canada

Black dot flea beetle

Western U.S. and Canada

Hawk moth Northern U.S. and Canada
Leaf-tying moth Canada
Red-headed stem borer Western U.S.

Gall flies

Central Canada

Gall midges

Central U.S. and Canada

Poison hemlock Hemlock moth

Western U.S., Great Plains, Illinois, Ohio and New York

Purple loosestrife Loosestrife beetles

U.S. and Canada

Root weevil

U.S. and Canada

Flower-feeding weevil

Western U.S. and Eastern Canada

Thistles, biennial Stem hoverfly

California and Pacific Northwest

Crown weevil

Pacific Northwest and Central U.S. and Canada

Musk thistle seedhead fly

Parts of Canada

Bull thistle seedhead gall fly

Western U.S. and Western and Eastern Canada

Thlstle_f___Canada Stem weevil Western U.S. and Western and Eastern Canada
Stem gall fly Northern U.S. and Canada
Rust fungus U.S. and Canada

Thistle, biennial and perennial  Seedhead weevil

U.S. and Canada

Table 1. Examples of Introduced biocontrol agents on important invasive weeds. (NAISMA,

Biological Control of Weeds Fact Sheet Series).
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Section 2. Inundative or Augmentative Biocontrol

With inundative or augmentative biocontrol, the organism is applied or released
on a large scale to achieve a rapid reduction in the target pest. For weeds, this
type of biocontrol often takes the form of a myco- or bio-herbicide made from a
plant-pathogenic fungus that can be applied like conventional herbicides. Many
products have been examined, and some have been commercialized over the
last 30 years; however, many are no longer available because of cost of
production, lack of efficacy, or both.

Successful commercial products include Collego, introduced in 1982 as a
formulated mycoherbicide from the fungus Colletotrichum gloeosporioides f. sp.
aeschynomene. It is still used to control northern jointvetch, a problem weed of
rice in the southern US. SolviNix was commercialized in 2014 and is made from a
plant virus (tobacco mild green mosaic virus) that targets tropical soda apple.
The technology was developed by the University of Florida and licensed to
BioProdex, Inc. and continues to be evaluated. Lastly, Bio-phoma is a fungal
product (Phoma macrostoma) introduced in 2016 that helps control several
weeds including Canada thistle and dandelion. It is a granule applied to the soill,
but application rate and cost have limited adoption. Evologic, an Austrian-based
biological products company has been improving Phoma and hopes to soon
introduce a product for large-scale agricultural use.

Section 3. Conservation Biocontrol

This type of biocontrol relies on understanding the biology and habitat suitability
of beneficial insects or rodents that feed on weeds or weed seeds and could co-
exist with production agriculture. Studies have shown some insects (especially
ground beetles and crickets) and rodents (mice) will feed on weed seeds and
potentially consume large numbers (Image 2). This requires suitable habitat and
weed seed availability when these insects or rodents are present.

Image 2. Ground-dwelling insects
like some beetles or cricket species
will feed on weed seeds. Rodents
also will consume a sizable number
of weed seeds. (Photo credits: beetle
by Eric Gallandt, University of Maine;
) field mouse, unknown source)
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The amount of seeds consumed by these naturally occurring predators will vary
depending on predator populations, weed seed availability, and field
management. Crop management including rotation, tillage, residue cover, and
pesticide use can all impact predator populations. Research in lowa showed that
when averaged over 12 sampling periods from May through November, seed
losses ranged from 7 to 22% per day depending on the crop present in the field
(Figure 2).

The higher predation rates in small grain and alfalfa compared to corn and
soybean may be due to differences in crop canopy development. Research
conducted at Penn State showed that insecticide-containing seed treatments in
corn and soybeans can reduce biocontrol predators. Thus, conserving habitat by
using no-till practices, adding rotations of small grains and perennial hay cash
crops, including cover crops, and reducing insecticide use are key management
recommendations to encourage conservation biocontrol. In the end,
conservation biocontrol may improve our ability to manage weeds using fewer
herbicides.
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Figure 2. Weed seed predation
rates in four cropping systems.
More predation occursin
systems with more cover and
less tillage (Westerman et al.
2003).
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Section 4. Livestock Grazing

Livestock grazing is also a form of biological weed control and most livestock will
forage on a variety of plants which can include some weeds. Although grazing
will not typically eliminate an established infestation, with some direction and
handling, they can minimize the spread and help suppress a number of potential
problems. Some of the key management strategies using livestock and grazing
to help manage weeds include:
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Animal selection — The primary livestock in the US for grazing weeds are cattle,
sheep, and goats. Other types of animals such as horses/mules, pigs, geese, and
sometimes fish (e.g. grass crop) might also be considered in more limited
circumstances.

Cattle are the most numerous type of livestock grazed in North America and can
effectively reduce some grass and broadleaf weeds (Image 3). Cattle tend to be
most effective at grazing young weedy grasses when they are most palatable.
There has been some success in training cattle to eat certain weeds such as
thistles and the knapweeds, which are less palatable. For more information, visit
the OnPasture.com and other information written by Kathy Voth, retired BLM
liaison, who has trained cattle to eat weeds.

i ?&% il ﬁlﬁ
Image 3. Cattle grazing rangeland (Image by USDA-NRCS
Montana).

Sheep prefer to graze on forbs (herbaceous broadleaves) and some grasses.
They have been used to help control the knapweeds as well as leafy spurge.
Effective control of leafy spurge with sheep can take several years and mature
stands should be mowed before grazing early in the season. Leafy spurge can be
poisonous to some livestock, and sheep should be monitored to avoid toxicity.

Goats are often considered the preferred animal for clearing brush and woody
plants and will also graze some forbs. Some goat producers offer professional
goat grazing services by leasing their herd to help manage invasive weedy
plants. As examples, HireGoats.com and Goats On The Go have directories of
operations throughout the US that lease goats for vegetation management.
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Multi-species grazing — mixing sheep and/or goats with cattle to increase the
diversity of what the livestock can effectively eat is often beneficial for livestock
producers to use (Image 4). Although this might improve weed management, the
added labor and fencing, predator control, management of potential conflicts
between mixed species, and the economics of the operation all must be
considered.

Image 4. Using mixed
cattle and sheep to graze
rangeland (Image by
USDA-NRCS Montana).

Timing and intensity — The time to graze depends on what the animals will eat
as well as the potential impact on the target species. In general, young weeds are
most palatable, and grazing early will help set them back, reducing growth and
the potential for weed competition and seed production. Grazing more mature
plants can reduce flowering and seed production, but often mature plants are
less attractive to grazing animals. Increasing stocking rates can help prevent
selective grazing and make animals eat less palatable weeds (Popay and Field,
1996).

Confinement - Fencing is usually necessary as the greatest impact comes from
intensive grazing for shorter periods of time. This typically requires moving
electric fences to restrict animal movement. Concentrating livestock on weeds
when those plants are most susceptible to damage can be important.

New virtual fencing technology increases the potential to move and manage

livestock quickly and easily and graze weed infested paddocks that were not
previously managed (image 5).
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Image 5. Example of virtual fencing
to remotely manage cattle with
solar-powered collars and smart
phone applications. Move livestock
any time with flexibility. Aerial
image by Halter
(https://www.halterhg.com/) and
cow image by W. Curran, Penn
State).

Monitoring — The last ingredient is monitoring the effectiveness of grazing. That
includes evaluating its effect on forage production, changes in weed species’
abundance, and potential weed seed production, as well as ultimately making
necessary adjustments to the system. This may require qualitative and/or
quantitative assessments such as before-and-after photos, or sampling
paddocks and estimating weed and forage cover or yield. Reducing paddock
size, adding animals, or changing the grazing timeline and intensity may be
needed to fine-tune weed control.

Section 5. Integrated Weed Management and Biocontrol

Integrated weed management (IWM) involves combining two or more tactics to
increase weed control success. Several biocontrol strategies are well suited for
IWM. An obvious combination includes promoting better conservation biocontrol
by reducing insecticide use, adopting no-till or minimum-till practices, and
integrating cover crops to improve weed-seed predator habitat.

Take an example of classical biocontrol and IWM happening now in the West to
explore management of Canada thistle (see Image 6). Researchers in Colorado
and Utah, led by the Department of Biology at Utah State University, combined
the use of Canada thistle rust (Puccinia suaveolens), an obligate biotrophic rust
fungus, with mowing, tillage, and herbicide. Once established, the fungus alone
decreased thistle density, but the combination with herbicides provided some of
the best control.
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In another study looking at Canada thistle and the same fungus, the combination
of a competitive crop sequence or rotation along with infection by the fungus
reduced thistle biomass and competition more than exposure to the fungus
alone. r3

Image 6. Clockwise from top left:
finding Canada thistle fungus in
plants in the spring, collecting its
spores and then sprinkling them on
uninfected thistle plants, resulting in
injury and death of Canada thistle |
plants. (Photo credits: Tim Seipel,
Montana State University)

Florida scientists conducted a review of experiments from 1987 to 2017 that
integrated classical biological control with other management strategies such as
herbicide, fire, mechanical control, grazing, and plant competition. They found
that several experiments showed the benefits of combining biocontrol insects
with other tactics, especially herbicides. However, the review also presented
numerous challenges to consider when linking live organisms with these other
tactics. Some herbicides and/or additives are toxic to beneficial insects, and they
often eliminate an important food source (the target weed). Using prescribed
burning or mechanical mowing can reduce favorable habitat and survival of
biocontrol organisms. In some circumstances, biological control agents can be
protected from these potential negative impacts by having untreated areas
(refuges) or through use of temporal management (separating tactics over
time).

On a positive note, several success stories come from combining livestock
grazing with classical biological control to reduce the impact of invasive weedy
plants. For example, research conducted in western North Dakota showed the
integration of sheep and cattle grazing along with a biocontrol flea beetle
(Aphthona spp.) reduced cover, stem density, and seed production of leafy
spurge more than the insect alone.
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Research from Montana that integrated targeted grazing in July with sheep along
with establishment of four biocontrol insects reduced the density of spotted
knapweed by 86% and practically eliminated the production of viable seed over a
four-year period. Additional research that investigates potential benefits of
biocontrol in combination with other weed control tactics is needed to help land
managers move the IWM adoption meter forward and reduce the impact of
invasive weeds.
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	Classical Biocontrol in the Field. Cactoblastis cactorum, a moth released in 1926 to reduce prickly pear cactus in Australia, and the Chrysolina beetles released in the 1940’s that reduced St. John’s Wort (Klamath weed) in California, are two older success stories of classical biocontrol methods. Today, many beetles, caterpillars, mites, weevils, and other insects continue to be pursued, examined, and potentially released for suppression of perennial and biennial thistles, leafy spurge, dalmatian and yellow toadflax, the knapweeds, purple loosestrife, salt cedar, and many other weeds (Table 1). Pathogens including fungi, bacteria, and viruses can also be successful biocontrol candidates. Of these microbes, fungi have been most successful, and several different organisms show potential for control of problem invasive weeds. Most recently, researchers in the West are exploring use of a Canada thistle rust pathogen to manage that troublesome weed. (See more on this in Section 5)
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	With inundative or augmentative biocontrol, the organism is applied or released on a large scale to achieve a rapid reduction in the target pest. For weeds, this type of biocontrol often takes the form of a myco- or bio-herbicide made from a plant-pathogenic fungus that can be applied like conventional herbicides. Many products have been examined, and some have been commercialized over the last 30 years; however, many are no longer available because of cost of production, lack of efficacy, or both.
	Successful commercial products include Collego, introduced in 1982 as a formulated mycoherbicide from the fungus Colletotrichum gloeosporioides f. sp. aeschynomene. It is still used to control northern jointvetch, a problem weed of rice in the southern US. SolviNix was commercialized in 2014 and is made from a plant virus (tobacco mild green mosaic virus) that targets tropical soda apple. The technology was developed by the University of Florida and licensed to BioProdex, Inc. and continues to be evaluated. Lastly, Bio-phoma is a fungal product (Phoma macrostoma) introduced in 2016 that helps control several weeds including Canada thistle and dandelion. It is a granule applied to the soil, but application rate and cost have limited adoption. Evologic, an Austrian-based biological products company has been improving Phoma and hopes to soon introduce a product for large-scale agricultural use.
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	This type of biocontrol relies on understanding the biology and habitat suitability of beneficial insects or rodents that feed on weeds or weed seeds and could co-exist with production agriculture. Studies have shown some insects (especially ground beetles and crickets) and rodents (mice) will feed on weed seeds and potentially consume large numbers (Image 2). This requires suitable habitat and weed seed availability when these insects or rodents are present.
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	Section 3, con’t.
	The amount of seeds consumed by these naturally occurring predators will vary depending on predator populations, weed seed availability, and field management. Crop management including rotation, tillage, residue cover, and pesticide use can all impact predator populations. Research in Iowa showed that when averaged over 12 sampling periods from May through November, seed losses ranged from 7 to 22% per day depending on the crop present in the field (Figure 2).
	The higher predation rates in small grain and alfalfa compared to corn and soybean may be due to differences in crop canopy development. Research conducted at Penn State showed that insecticide-containing seed treatments in corn and soybeans can reduce biocontrol predators. Thus, conserving habitat by using no-till practices, adding rotations of small grains and perennial hay cash crops, including cover crops, and reducing insecticide use are key management recommendations to encourage conservation biocontrol. In the end, conservation biocontrol may improve our ability to manage weeds using fewer herbicides.

	Section 4. Livestock Grazing
	Livestock grazing is also a form of biological weed control and most livestock will forage on a variety of plants which can include some weeds. Although grazing will not typically eliminate an established infestation, with some direction and handling, they can minimize the spread and help suppress a number of potential problems. Some of the key management strategies using livestock and grazing to help manage weeds include:
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	Section 4, con’t.
	Animal selection – The primary livestock in the US for grazing weeds are cattle, sheep, and goats. Other types of animals such as horses/mules, pigs, geese, and sometimes fish (e.g. grass crop) might also be considered in more limited circumstances.
	Cattle are the most numerous type of livestock grazed in North America and can effectively reduce some grass and broadleaf weeds (Image 3). Cattle tend to be most effective at grazing young weedy grasses when they are most palatable. There has been some success in training cattle to eat certain weeds such as thistles and the knapweeds, which are less palatable. For more information, visit the OnPasture.com and other information written by Kathy Voth, retired BLM liaison, who has trained cattle to eat weeds.
	Sheep prefer to graze on forbs (herbaceous broadleaves) and some grasses. They have been used to help control the knapweeds as well as leafy spurge. Effective control of leafy spurge with sheep can take several years and mature stands should be mowed before grazing early in the season. Leafy spurge can be poisonous to some livestock, and sheep should be monitored to avoid toxicity.
	Goats are often considered the preferred animal for clearing brush and woody plants and will also graze some forbs. Some goat producers offer professional goat grazing services by leasing their herd to help manage invasive weedy plants. As examples, HireGoats.com and Goats On The Go have directories of operations throughout the US that lease goats for vegetation management.
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	Section 4, con’t.
	Multi-species grazing — mixing sheep and/or goats with cattle to increase the diversity of what the livestock can effectively eat is often beneficial for livestock producers to use (Image 4). Although this might improve weed management, the added labor and fencing, predator control, management of potential conflicts between mixed species, and the economics of the operation all must be considered.
	Timing and intensity – The time to graze depends on what the animals will eat as well as the potential impact on the target species. In general, young weeds are most palatable, and grazing early will help set them back, reducing growth and the potential for weed competition and seed production. Grazing more mature plants can reduce flowering and seed production, but often mature plants are less attractive to grazing animals. Increasing stocking rates can help prevent selective grazing and make animals eat less palatable weeds (Popay and Field, 1996).
	Confinement  – Fencing is usually necessary as the greatest impact comes from intensive grazing for shorter periods of time. This typically requires moving electric fences to restrict animal movement. Concentrating livestock on weeds when those plants are most susceptible to damage can be important.
	New virtual fencing technology increases the potential to move and manage livestock quickly and easily and graze weed infested paddocks that were not previously managed (image 5).
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	Section 4, con’t.
	Monitoring – The last ingredient is monitoring the effectiveness of grazing. That includes evaluating its effect on forage production, changes in weed species’ abundance, and potential weed seed production, as well as ultimately making necessary adjustments to the system. This may require qualitative and/or quantitative assessments such as before-and-after photos, or sampling paddocks and estimating weed and forage cover or yield. Reducing paddock size, adding animals, or changing the grazing timeline and intensity may be needed to fine-tune weed control.

	Section 5. Integrated Weed Management and Biocontrol
	Integrated weed management (IWM) involves combining two or more tactics to increase weed control success. Several biocontrol strategies are well suited for IWM. An obvious combination includes promoting better conservation biocontrol by reducing insecticide use, adopting no-till or minimum-till practices, and integrating cover crops to improve weed-seed predator habitat.
	Take an example of classical biocontrol and IWM happening now in the West to explore management of Canada thistle (see Image 6). Researchers in Colorado and Utah, led by the Department of Biology at Utah State University, combined the use of Canada thistle rust (Puccinia suaveolens), an obligate biotrophic rust fungus, with mowing, tillage, and herbicide. Once established, the fungus alone decreased thistle density, but the combination with herbicides provided some of the best control.
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	Section 5, con’t.
	In another study looking at Canada thistle and the same fungus, the combination of a competitive crop sequence or rotation along with infection by the fungus reduced thistle biomass and competition more than exposure to the fungus alone.
	Florida scientists conducted a review of experiments from 1987 to 2017 that integrated classical biological control with other management strategies such as herbicide, fire, mechanical control, grazing, and plant competition. They found that several experiments showed the benefits of combining biocontrol insects with other tactics, especially herbicides. However, the review also presented numerous challenges to consider when linking live organisms with these other tactics. Some herbicides and/or additives are toxic to beneficial insects, and they often eliminate an important food source (the target weed). Using prescribed burning or mechanical mowing can reduce favorable habitat and survival of biocontrol organisms. In some circumstances, biological control agents can be protected from these potential negative impacts by having untreated areas (refuges) or through use of temporal management (separating tactics over time).
	On a positive note, several success stories come from combining livestock grazing with classical biological control to reduce the impact of invasive weedy plants. For example, research conducted in western North Dakota showed the integration of sheep and cattle grazing along with a biocontrol flea beetle (Aphthona spp.) reduced cover, stem density, and seed production of leafy spurge more than the insect alone.
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	Section 5, con’t.
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