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PROTECTING POLLINATORS FROM HERBICIDES

Rethinking Weed Management at Home
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Herbicide use can negatively affect pollinators and other beneficial insects and remove flowering plants in the landscape. Allowing some “wildness”in some
or all of your yard and managing unwanted plants without chemicals can provide a variety of ecological benefits.

What does it mean to pollinators that herbicides are the
most commonly applied pesticide in urban areas? Though
insecticides pose the most obvious risk to bees and other
pollinators, this factsheet focuses on herbicides because
they too can be harmful. You may already be taking steps to
conserve pollinators in your home yard, and we hope this
information helps you take another step towards protecting
these vitally important creatures.

Herbicide risks to pollinators and other
invertebrates

A growing body of research provides evidence that herbicides
can harm pollinators and other beneficial insects. Examples
of risk to insects include negative health outcomes such
as decreased reproduction or difficulty navigating. These
effects are subtle, but can still weaken bees and reduce their
populations over time. Herbicides can also negatively impact
the plants and the broader environment that bees need to
survive.

Perhaps the most drastic impact that herbicides have on bees
and other pollinators is eliminating pollen and nectar by
killing flowering plants across the landscape. Many plants seen
as “weeds” can be important food sources for pollinators, and
may also provide forage when no other plants are flowering
in urban areas (Lowenstein et al. 2019; Hicks et al. 2016,
Jachula et al. 2022). A nationwide monitoring project in
France highlighted that herbicides could reduce availability of
host plants for many butterflies, and diminish the number of
butterflies in yards (Muratet & Fontaine 2015).

Herbicides sometimes end up on plants beyond the target
weeds. While this contamination might not be at high enough
levels to kill the non-target plants, it can make those plants
poorer resources for pollinators. For example, dicamba and
2,4-D can reduce plant health, nectar and pollen production,
and reproduction (Bohnenblust et al. 2015). Glyphosate
residues in soil can affect the physiology of exposed plants,
reducing the quality of leaves and potentially indirectly
affecting herbivores that feed on plants grown in contaminated
soils (Ramula et al. 2022).
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Herbicides 101

Pesticide: a catch-all term for chemicals designed
to kill unwanted organisms (including plants).

Herbicide: a type of pesticide designed to kill or
halt the growth of plants. Herbicides kill or stunt
plant growth in a variety of different ways. Some act
quickly, while others may take weeks for symptoms
to manifest. Some herbicides and their breakdown
products persist in soil and water for months to
years. Some broad definitions include:

« Contact herbicides kill the parts of the plant
that the herbicide comes into contact with,
typically just the vegetation above the soil
surface, while systemic herbicides are absorbed
throughout the plant, killing or disrupting both
the leaves/stems as well as roots of the plant.

« Pre-emergent herbicides prevent seeds from
germinating, while post-emergent herbicides
are applied to control actively growing plants.
Some herbicides act as both pre- and post-
emergents.

» Selective herbicides control certain types of
plants. These can be broad categories, such
as all broadleaf plants or grasses, but some
selective herbicides affect a smaller suite of
species. Non-selective herbicides kill or disrupt
all types of plants.

Health impacts of herbicides on pollinators

Relatively few studies have investigated the direct impacts

of herbicides on pollinators, so unfortunately we don’t know

the impact most herbicides might have on pollinator species.

However, research has found that some common herbicides

can cause harm. In particular, the commonly used herbicide

glyphosate and products that contain it have been found to:

« Interfere with honey bees’ abilities to navigate (Balbuena
et al. 2015) and learn the signals associated with food
sources (Mengoni Gonalons and Farina, 2018). This could
impact bees’ ability to efficiently forage for food.

o Change the gut microbiome of honey bees (Motta et al.
2018, Dai et al. 2018, Blot et al. 2019), which may increase
susceptibility to harmful diseases.

o Giantswallowtail, spicebush swallowtail, black swallowtail,
and monarch butterfly eggs exposed to glyphosate were
much less likely to hatch than unexposed eggs. Spicebush
swallowtail had the greatest egg loss, with only 6% of
exposed eggs hatching, compared to 100% of unexposed
eggs (Albanese 2019). Dramatic losses of swallowtail
eggs could occur in and around treated areas.

Other herbicide products have been found to cause harm,

including:

o The common herbicide 2,4-D, often included in weed-
and-feed products, can kill or weaken a variety of insects,
notably honey bee larvae (Morton et al. 1972, Morton and
Moftett 1972, Freydier and Lundgren 2016).

o Threeunrelated formulated herbicide products were found
to cause similar harm to metalmark butterfly caterpillars,
leading the authors to believe that the observed impacts
were due to other ingredients in the formulations or
to impacts of the herbicides on food plant quality.
Caterpillars exposed to formulated herbicides containing
triclopyr, sethoxydim, or imazapyr were significantly less
likely to successfully pupate than unexposed caterpillars,
resulting in 24-36% fewer adults (Stark et al. 2012).

These less obvious impacts can add up in ways that harm
pollinator populations. Federal regulations rarely account
for these important concerns, which is why just “following
the label” when using herbicides is insufficient to protect
pollinators and other invertebrates.

How are pollinators exposed?

There are many ways bees and other pollinators can be exposed
to herbicides, and avoiding herbicide use when flowers are in
bloom only removes one of the most obvious ways bees can
be exposed. They may encounter residues remaining on plant
surfaces while walking across them. Seventy percent of our
native bee species nest in the ground, and can easily come
into contact with contaminated soil, particularly when the
herbicide is applied directly to the soil as a granular (spread
as dry pellets) or a drench (applied as liquid near the roots).
Pollinators may also ingest herbicides in plant nectar, pollen,
or leaves. Larvae may be exposed via contaminated pollen
stored in the nest. Systemic herbicides applied to flowering
plants can end up in nectar and pollen, exposing pollinators
before the plant shows symptoms of exposure to the herbicide
(Thompson et al. 2022).

Not all weeds are the same

Many unwanted plants are harmless. In fact, in
some cases valuable pollinator plants are seen as
“weeds” since they are not as attractive to humans
as they are pollinators (for example: milkweeds,
native thistles, and yarrow). However, other weeds
can aggressively take over areas and cause harm.
These invasive and noxious weeds warrant control.
In residential sites this doesn't necessarily require
an herbicide; see “Solutions” below for other
management ideas.
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Herbicides can have subtle
effects on individual bee health...

that when multiplied
across many bees...
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Health effects of herbicides on individual bees as larvae or adults, especially those that affect reproduction and survival, can scale up to larger impacts on bee

populations. Figure: Emily May.

Butterflies are particularly vulnerable, as they can be present
on plants throughout their life cycle. Eggs, caterpillars, and
chrysalises on host plants can be exposed if the host plant
is sprayed, or if pesticides drift onto the host plant from a
spray nearby. Caterpillars can ingest pesticides by eating
contaminated host plants.

Herbicide use in residential landscapes

While many herbicide uses can be concerning, there are
several factors in towns and cities to be aware of in order to
better protect pollinators from herbicides.

o Cosmetic use: In towns and cities herbicides are often
applied for cosmetic reasons.

o  High use rates: Herbicides are generally applied to small
areas, but are often applied frequently and abundantly. In
fact, more pesticides are used per acre in urban areas than
in many agricultural areas (Atwood and Paisley-Jones.
2017), though total herbicide use is higher in agriculture.
Additionally, pre-mixed products for home use often
contain many times higher herbicide concentrations than
are used in agricultural settings.

o Untrained applicators: Home gardeners are often
unfamiliar with herbicide best practices (Varlamoff et
al. 2001). This may lead to poor application practices,
like spraying at incorrect rates, wrong times of year, or
allowing herbicide drift.

» Hidden sources: Herbicides can often be hidden, found in
other residential lawn care products like “weed and feed”
fertilizer granules.
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Herbicides can move off site

Many herbicides used in our communities do not stay put.
In towns and cities, herbicides are routinely applied to weeds
in pavement cracks and along paved surfaces like sidewalks,
driveways, and roads. Even compacted lawns often act as
hard surfaces. When it rains, chemicals applied to these areas
can contaminate nearby soil and waterways. In fact, in a
nationwide study the United States Geological Survey (USGS)
found pesticides in 96% of urban streams, and mixtures of
pesticides in 90% (Nowell et al. 2021).

Herbicides applied to lawns and paved surfaces move easily into nearby soil
and waterways, contaminating urban streams. Photo: Mississippi Watershed
Management Organization, Flickr [CC BY-NC 2.0].




Factors that make an herbicide risky

People often are interested in knowing the most risky herbicides
to avoid using at home. Unfortunately, it is difficult to create a
list of the most risky herbicides because little testing has been
done on their impacts on most invertebrates. Beyond that,
many herbicides with different names have similar modes
of action, meaning simply avoiding certain chemicals is no
guarantee that the alternatives are any safer. Similarly, just
because a product is approved for organic use does not mean
it is non-toxic to pollinators and other invertebrates.

As you work to understand the risks of herbicides it helps
to be aware of the chemical characteristics that can increase
the potential that an herbicide will harm invertebrates. These
include:

o Toxicity: the chemical’s ability to cause injury. Some
herbicides can cause harm at low levels that could result
from everyday, legal use.

o Persistence: how long the chemical lasts in the
environment. Some herbicides, like those designed to kill
weed seedlings, bind tightly to the soil and remain active
for months. These herbicides can also kill desired plants,
including those providing food and habitat to pollinators
and other invertebrates.

Drift: the movement of a chemical through the air. Some
herbicides are known to travel long distances, harming
plants far from where they were applied. While some spray
drift can be reduced by the way an herbicide is applied,
some herbicides tend to also evaporate off of plants and
soil after application, resulting in tiny particles in the air
(“vapor drift”) that applicators have little control over.

o Leaching: the movement of a chemical through the soil.

Some herbicides that dissolve readily in water are likely
to move through the soil and into groundwater, surface
water or even nearby pollinator habitat.

o Application method: herbicides applied throughout a
site carry a higher risk than targeted applications, as the
amount used and area sprayed is larger, increasing the risk
of off-site movement. Spot treating only individual plants,
applying closer to the ground, and using larger droplet
sizes and lower nozzle pressure can reduce drift.

Solutions

1. View yards as habitat and embrace ecological beauty.

«© Accept some weeds in your yard. Instead of pursuing
manicured aesthetics with no weeds, allow some level
of “wildness” in some or all of your yard. You'll likely
notice the ecological benefits this provides. (Note this
does not apply to noxious or invasive weeds).

< Remember, plants that are considered by some to be
weeds can in fact be native wildflowers.

2. Use alternative weed management instead of herbicides.
In residential areas non-chemical solutions are often more
feasible than in larger landscapes because site sizes tend to
be smaller.

«© Prevent unwanted weeds in sidewalk cracks and
driveways by scraping dirt and sediment from cracks
with hand tools. Consider removing existing weeds
with a flame weeder or steamer.

< Hand weed or use mechanical removal methods. A
variety of tools are available that make weeding easier
than simply using a trowel, like hoes, cape cod weeders,
and claw weeders.

If you don't manage the grounds where you live, talk to those who do and use the ideas presented here as a guide. If you employ land care professionals,
ask them about their weed management methods and let them know you don't want herbicides applied in your yard. If you are a renter, often landlords,

workplace grounds managers, HOA officials, and others are open to small and meaningful changes. Photo: iStock.com/Susana Florez
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In one study, only 6% of spicebush swallowtail eggs exposed to the herbicide
glyphosate ended up hatching. Dramatic losses of swallowtail eggs could
occur in treated areas. Photo: John Flannery, Flickr [CC BY-NC 2.0].

«© Weed early, when the plants are small. Remove weeds

before they go to seed which will reduce the weed
population in subsequent years.

« Use dense plantings to outcompete new weeds after

mechanical removal.

« Consider mulch to suppress weeds in garden beds.

For larger site preparation, sheet mulching, covering
with black tarps, or solarization (covering with a clear
plastic tarp) are methods that can be used instead of
herbicides. Though effective, there are trade offs to be
aware of. For more information, see the Xerces Organic
Site Preparation guide.

i. Mulch: While effective at weed suppression, if you
use it in an area where bees might nest, thick mulch
can eliminate nesting sites for ground nesting bees.

ii. Solarization: Plastic sheeting has an environmental
cost, and heating the soil can harm soil life.

3. Prevent pests by creating resilient yards. Design in ways

that minimize the chance for weeds to take hold.

« Select plants that are well suited to the soil type,

moisture, and sun availability of your site.

Include multiple plant species throughout your yard.
Not only will this potentially increase insect diversity,
it also makes your yard more resilient in the face of
disturbance and weed pressure.

Water wisely. Frequent, shallow watering (like from
overhead sprinklers or shower heads) can encourage
weed growth. Instead, water deeply to promote deep root
growth, making garden plants more able to outcompete
weeds. If you use drip irrigation, only water around
garden plants and leave the in-between space dry.

Improve soil health and ensure soil pH is in the desired
range to help desired plants outcompete weeds.
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«© Mow lawns higher and less frequently to encourage
deeper root growth and to shade out weeds.

« Consult local resources, including gardening clubs or
native plant societies, for advice specific to your location.

4. If you do decide to use an herbicide, consult with state
or county Extension or other trusted resources to learn
how to both effectively manage the weed issue and do
so in the least harmful manner. Knowing the lowest
effective amount of the least toxic option can limit harm.
The University of California has a helpful tool to evaluate
toxicity to bees: https://ipm.ucanr.edu/bee-precaution-
pesticide-ratings/.

«© We encourage you to think through how to make the
herbicide application a one-time event, not something
you rely on. Follow an application with prevention
techniques so you don't need to return to herbicides in
the future.

< Target your application to the specific plant you want to
remove, and understand the best timing for that species.
If it is a species you need to tackle around flowering
or before seedset, remove flowers before applying an
herbicide so you don’t spray a flowering plant.

« If your reason to use herbicides is maintaining a
manicured landscape, consider designating areas of
your yard that can be managed less intensively to
provide habitat. People have different preferences for
their yard, but we encourage you to find ways to make
your yard as pollinator friendly as possible within your
desired landscape. Some ideas include:

i. Leave less visible areas more wild for pollinators.
ii. Allow some non-problematic weeds to grow.

iii. Consider using low growing ground cover plants to
replace or diversify your lawn.

iv. Plant native pollinator plants that fit your aesthetic.

«© Time saved by designating less intensively managed
sections can be spent managing more visible areas in a
sustainable manner.

You Can Make a Difference

Pesticide reduction is a key step towards protecting pollinators,
and is a step easily accomplished throughout our communities.
Towns and cities can be important havens for pollinators and
other beneficial insects - in fact research shows that insects
are able to thrive in small habitat patches, like gardens or
city parks. Avoiding herbicide use increases the quality of
these patches by reducing the risks of pollinator exposure,
and ensures the floral resources pollinators rely on remain in
the landscape. Thank you for taking this further step towards
protecting pollinators!
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