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MIDWEST INVASIVE
PLANT NETWORK

Comments on Michigan’s Prohibited and Restricted Invasive Species
Submitted October 29, 2025 by the Midwest Invasive Plant Network

The following comments are in response to the proposed changes to Michigan's Natural Resources

nvironmental P ion Act (Part 413 of Act 451) regarding the regulation of 4 terrestrial plants:
common buckthorn (Rhamnus cathartica), glossy buckthorn (Frangula alnus), callery pear (Pyrus
calleryana), and Japanese barberry (Berberis thunbergii), and 2 aquatic plants: water hyacinth
(Pontederia crassipes), and water lettuce (Pistia stratiotes).

The Midwest Invasive Plant Network (MIPN) is a non-profit with a mission to prevent the impact of
invasive plants in the Midwest. The MiPN board consists of scientists, land managers, agency staff
members, and industry representatives throughout the region. Below are some of MIPN’s relevant
activities.

1) MIPN maintains a list of invasive plants that are listed and/or regulated throughout the region. The list
was last updated in October 2025 and currently includes 458 invasive plant species. This list is a
compilation of invasive plant lists from the states/provinces in MIPN’s region of Michigan, lllinois,
Indiana, lowa, Kentucky, Minnesota, Missouri, Ohio, Wisconsin, and the Province of Ontario.
{mipn.org/invasive-plant-list)

2} MIPN also maintains the regulatory information pages for each of the states/provinces within the

Woody lnvasives of the Great Lakes (WIGL) Collaborative (woodyinvasives.org), which includes Michigan,

lllinois, Indiana, Minnesota, Ohio, Ontario, New York, Pennsylvania, and Wisconsin. (woodyinvasives.org)

3) MIPN co-directs the Public Gardens as Sentinels against Invasive Plants (PGSIP), an initiative that helps

identify non-native plants within the collections of public gardens and arboreta that are demonstrating
invasive tendencies. PGSIP gardens provide data to the program in one of two ways. Gardens categorize
plants as “watchlist”, “potentially invasive”, or “invasive” based on observances and context of collection
plants escaping cultivation at their garden location. Gardens also have the option of categorizing plants
as “assessed as invasive”, based on a formal risk assessment/literature review process.
(pgsip.mortonarb.org/Bol/pgsip)

In general, MIPN is interested in seeing greater consistency regarding invasive plant regulation across
the Midwest. Many groups {industries, non-profits, and governmental) are challenged by differing
regulation across states. More consistent regulation can also bring greater clarity when communicating
with the public about the impacts and recommended actions related to invasive plants. Below we have
provided information on how the plants that have been proposed for regulation are regulated in other
Midwestern states in MIPN’s region for your consideration.



Common Buckthorn

llinois, Exotic weed

Indiana, Prohibited

lowa, Primary noxious weed
Minnesota, Restricted

Ohio, Restricted

Ontario, Noxious
Wisconsin, Restricted

® & o ¢ & @ @

Glossy Buckthorn

llinois, Exotic weed

Indiana, Prohibited

lowa, Primary noxious weed

Minnesota, Restricted

Ohio, Restricted
® Wisconsin, Restricted

Callery pear
¢ |llinois, Exotic weed - currently in a phase out period, sales will be prohibited in 2028
¢ Ohio, Restricted
® Minnesota - currently in a phase out period, sales will be prohibited in 2026
¢ Missouri - currently in a phase out period, sales will be prohibited in 2029

Japanese barberry
¢ |ndiana, Prohibited
¢ Minnesota, Restricted
¢ Wisconsin, Restricted

Water hyacinth
® Minnesota, Restricted
® Wisconsin, Prohibited

Water lettuce
® Ohio, Restricted
® Wisconsin, Prohibited

Additional Information

The Public Gardens as Sentinels against Invasive Plants (PGSIP) initiative has 66 participating gardens in
the United States and Canada as of October 28, 2025. Thirty of these gardens are located in the Midwest
(IL, IN, iA, KY, MI, MN, MO, OH, ON, WI). The initiative has received a total of 1,096 reports of plants that
have either been observed escaping cultivation or assessed as invasive through a risk assessment process
by public garden staff. Observation reports are categorized as either Watchlist, Potentially invasive, or
Invasive in accordance with PGSIP guidelines. The categories are determined based on the volume and
distance of spread, whether the plant is naturalized on the larger landscape, and the setting(s) where the
escaped population(s) are found. Learn more about PGSIP at pgsip.mortonarb.org/Bol/pgsip.

e Common buckthorn - reported as Invasive or Assessed as Invasive by 9 Midwest gardens
® Glossy buckthorn - reported as Invasive or Assessed as {nvasive by 2 Midwest gardens



Callery pear - reported as Invasive or Assessed as Invasive by 7 Midwest gardens

Japanese barberry - reported as Invasive or Assessed as Invasive by 5 Midwest gardens as well as
by 1 garden in the Great Lakes region (PA)

Water hyacinth - reported as Assessed as Invasive by 1 Midwest garden

Water lettuce - reported as Assessed as Invasive by 1 Midwest garden



Lake, Anaie (MDARD)

From: Mary Leys <wildonespress@yahoo.com>

Sent: Tuesday, Novermnber 4, 2025 6:52 PM

To: MDA-Ag-Commission; Natural Resources Commission
Subject: Regulating Invasive Plant Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Members of the Michigan Commission of Agriculture and the Natural Resources Commission,
I am writing in support of a proposal to regulate certain invasive plant species that will be on your
meeting agendas this week. The plants suggested for regulation include common buckthorn, glossy
buckthorn, callery pear, Japanese barberry, water hyacinth, and water lettuce.

These plants are still grown in Michigan nurseries, sold in garden centers and planted in our
landscapes. At the same time, parks staff, natural area volunteers and private landowners spend
huge amounts of time, money and effort to remove escaped plants from the properties they manage.
These plants outcompete our native vegetation by greening up earlier in the spring and staying green
later in the fall. They create thickets with dense shade that smother our native species. Barberry,
specifically, harbors white footed mice which carry deer ticks and Lyme disease. Buckthorn tricks
birds into eating its berries, which give little nutrition but contain laxatives, in order to spread their
seeds to new locations.

Michigan nurseries and landscapers will likely push back, saying that regulating these plants will hurt
their profits. It doesn't make sense to aliow these groups to profit off plants that lead to environmental
damage and expense for everyone else. In recent years, the Michigan Invasive Species Grant
Program awarded $3.6 million per year to Cooperative Invasive Species Management Areas
(CISMAs), non-profits and universities. Grantees were required to match these funds. Municipalities
spend millions more on their own efforts and many volunteers put in thousands of unpaid hours
cutting, pulling and using herbicide to kill these plants. Despite all this, these invaders are running
amok in our natural areas and degrading crucial habitat for Michigan wildlife.

It is time to break the cycle and ban these plants from being sold, grown or planted in Michigan.
There are many well behaved plants, both native and non-native, that nurseries and landscapers can
use. Plants that have proven to be invasive should not be allowed. Many other states have taken
steps to ban these plants. Michigan can do it too.

Thank you for your consideration in this matter.

Mary Leys

Horticulturist, Arborist, Certified Pesticide Applicator
Lansing, Michigan

517-896-5067



October 7, 2025

Susannah lott, Invasive Species Program Specialist

Michigan Department of Agriculture and Rural Development
Bureau of Environment & Sustainability

Pesticide & Plant Pest Management Division

523 West Allegan St.

P.O. Box 30017

Lansing, Ml 48909

Re: Proposed Plant Additions to the NREPA, Restricted and Prohibited Lists

Dear Susannah:

We write today on behalf of Michigan’s nursery and landscape industries to go on record with
opposition to your proposed addition of six new plant species on Michigan’s Prohibited and Restricted
lists to NREPA Part 413 as presented, to outline our concerns, and to request the opportunity to work
with you through this process to find a solution that is beneficial to Michigan’s environment and

economy.

Our concerns are around the process and the assessments. With the process:

- Within a species of a plant there are cultivars. Cultivars are selected or bred for specific traits and/or
characteristics. Through responsible selection and breeding, our industry has spent time and money
developing cultivars that are genetically different than the straight species.

1. The survey and tool that you sent out state that the species and all cuitivars are the same, are
invasive, and should be added to the Restricted and Prohibited lists. This is inaccurate and
completely biased.

We reviewed this tool and did not encourage our industry to fill it out for many
reasons:

By filling out this biased survey, it would suggest that we are accepting that your
assessments of entire species of plants are accurate. They are not accurate.

The survey tool itself was limiting and inferior-—not all are able to access and navigate
an electronic survey, especially one that does not allow navigation and review as you
are filling out the survey.

Once this survey was filled out on a computer/cell phone/tablet, that same device
couldn’t be used to fill it out again, thus limiting our members that have both nursery
and retail garden centers, for example, from filling it out for the two different
organizations.

We found that the style of this survey was deceiving and depending on what choice of
organization you selected, you saw different options. Many in our industry are two or
more different organizations, by your definitions, and were only allowed to choose
one and couldn’t fill it out for the other segment/ organization that they represent.



Susannah loit, invasive Species Program Specialist
MDARD, Bureau of Environment & Sustainability
PPPM Division

October 7, 2025

Page Two

With the Assessments —
- The assessments were available upon request and were sent when requested.

- Upon review we found that the assessments were only done on the biological character of one plant

that is the straight species, yet your proposal is to add the straight species of the plant and their
cultivars, regardless of the differences in biological characteristics from the species to the cultivars.
1. To reiterate, within a species of a plant there are cultivars. Cultivars are selected or bred for

specific traits and/or characteristics. Through responsible selection and breeding, our industry

has spent time and money developing cultivars that are genetically different than the straight
species.
2. The 2013 recommendations from Ml's Invasive Species Advisory Council were referenced,
yet not all of the recommended items were included in the assessment.
®* Again, your assessments were only daone on the one plant that is the straight species
and did not assess the individual plants that are the cultivars of the species. The
recommendations from 2013 not only explain what cultivars are but also that they
should be assessed as individual plants.
- From the 2013 recommendations from Michigan’s Aquatic Invasive Species Advisory Council:
a) Aquatic plants shall be evaluated under the following Weed Risk Assessment Model for the United States:

1) Plant Protection and Quarantine (PPQ) Weed Risk Assessment. United States Department of Agriculture's Plant
Protection and Quarantine, Plant Epidemiology, and Risk Analysis Laboratory, Raleigh, North Carolina.

a) The PPQ Weed Risk Assessment system is specific to an individual plant. Plant cultivars, varieties, and hybrids
are genetically different from the parent(s) species and others within a species and may not exhibit the same
reproductive, morphological, or physiological traits. The AIS Advisory Council recommends that plant cultivars,
varieties, and hybrids should be assessed as individual planis,

3. Value to the ecosystem were left out of your assessments.

4. Value to the urban and suburban tandscape and arboriculture/forests were left out of your
assessments.

5. Value to wildlife were left out of your assessments.

6. Value to Michigan’s economy was left out of your assessments.

7. Geographic distribution and impact—your assessments didn’t take into consideration the
differences in Michigan in the broad climatic, geologic, edaphic, and vegetation patterns,

In conclusion, on behalf of Michigan’s nursery and landscape industries we oppose your proposed
addition of six new plant species on Michigan’s Prohibited and Restricted lists to NREPA Part 413 as
presented. We respectfully request the opportunity to work with you through this process to find a
solution that is beneficial to Michigan’s environment and economy. Please contact Amy Upton at
amy@mnla.org or by telephone at (517) 381-0437 for questions and/or next steps.

Regards,

Ay U [

Amy Upton Dr. Robert Schutzki

Executive Director Associate Professor Emeritus, Department of Horticulture, Michigan

State University



Susannah loti, Invasive Species Program Specialist
MDARD, Bureau of Environment & Sustainability
PPPM Division

October 7, 2025
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cc. Ml Senate Natural Resources & Agriculture Committee:
Sue Shink, Chair

John Cherry, Majority Vice Chair Kevin Daley, Minority Vice Chair
Sam Singh Roger Victory
Dayna Polehanki . Michele Hoitenga
MI Senate Energy and Environment Committee:
Sean McCann, Chair Dayna Polehanki
Sam Singh, Majority Vice Chair Dan Lauwers, Minority Vice Chair
Rosemary Bayer John N. Damoose
Sue Shink Rick Outman
Kevin Hertel Roger Hauck
Darrin Camilleri Joseph N. Bellino Jr.
Stephanie Chang
Ml House Agriculture Committee:
Rep. Jerry Neyer, Chair Rep. Tom Kunse
Rep. Jennifer Wortz, Majority Vice Chair Rep. Joseph Paviov
Rep. Veronica Paiz, Minority Vice Chair Rep. Emily Dievendort
Rep. Sarah Lightner Rep. Carrie Rheingans
Rep. Gregory Alexander Rep. Phil Skaggs

Rep. Joseph Fox

M1 House Natural Resources and Tourism Committee:

Rep. David Martin, Chair Rep. Karl Bohnak
Rep. Alicia St. Germaine, Majority Vice Rep. Parker Fairbairn
Chair Rep. Jennifer Wortz

Rep. Mike McFall, Minority Vice Chair Rep. Helena Scott

Rep. Curtis VanderWall Rep. Regina Weiss

Rep. Pat Outman Rep. Noah Arbit

Rep. Mike Hoadley Rep. Morgan Foreman

Rep. Gina Johnsen Rep. Tonya Myers-Phillips

Rep. Dave Prestin Rep. Stephen Wooden
Michigan Commission of Agriculture & Rural Development:

Kathy Garthe, Chair Andy Chae

David Williams, Vice Chair Dr, Felicia Wu

Monica Wyant, Secretary
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Natural Resources Commission:

Becky Humphries, Chair James LaPorte
Mark "David" Anthony, Vice Chair David Nyberg
Pete Eardley john W. Walters

Brandon Fewins
MI Dept of Agriculture & Rural Development Director, Tim Boring
MI Dept. of Natural Resources Director, Scott Bowen

MI Dept of Environment, Great Lakes, and Energy Director, Phillip Roos



Dear Commissioners,

My name is David Putt and | am a resident of Bruce Township, Macomb County, Michigan. |
am here representing the Wildflower Association of Michigan of which | am the Vice-
President and the chair of the Wildflower Association of Michigan Environmental Advocacy
Committee, Our committee is focused on educating the public about highly invasive
species that are being sold in nurseries across the State of Michigan and in providing the
public with much better choices using native plant species that actually benefit our
environment rather than cause harm. | am here to voice our support for the proposal being
discussed today to add six additional plant species to the list of regulated plant species in
our state.

As a conservation steward with the Michigan Nature Association, | know first-hand the
amount time, money and resources we spend in eradicating species such as Japanese
barberry, Callery pear and common and glossy buckthorn in our public lands and nature
sanctuaries and preserves. The fact that these species can be legally sold and planted in
our state is difficult to comprehend in light of the fact that these species and many more
are not legal for sale in our neighboring Great Lakes states. Invasive species do not
recognize state lines. Invasive plants sold at Michigan nurseries can and do freely invade
our neighboring states which have banned such species. We feel that this action is a step
in the right direction to bring Michigan in line with the actions taking place in our
neighboring states and we look forward to the addition of several more invasive plant
species to the prohibited and restricted list at a later date.

Thank you for your time and allowing me to speak.



Testimony Before the Michigan Commission of Agriculture
and Rural Development

Marilyn Trent

Council Member, Rochester City Council
Founder, Rochester Pollinators
248-250-3198

November 5, 2025

Thank you for allowing me to testify on this important subject — one that, in my opinion, is a little-
known problem but a ticking time bomb for Michigan’s ecosystems and economy.

My name is Marilyn Trent, and I am an elected member of the Rochester City Council and the
founder of Rochester Pollinators, a nonprofit dedicated to restoring and preserving Michigan’s native
plants, trees, and shrubs.

In both roles and through my personal experience, I have seen how invasive species damage our
environment, our economy, and our communities.

The City of Rochester has received several grants and organized over 160 volunteers to remove
invasive plants — particularly buckthorn and barberry — from our parks, trails, and nature preserves,
including Rochester Municipal Park and Dinosaur Hill Nature Preserve.

These efforts take hundreds of volunteer hours and taxpayer dollars, yet these plants keep coming back
— because they are still being sold commercially in Michigan.

The City of Rochester no longer plants Callery Pear, Japanese Barberry, or Common and Glossy
Buckthorn on our public lands. We made that change because we’ve seen the damage firsthand and
understand that prevention is far more effective than remediation,

That’s why I fully support MDARD’s propesal to regulate these six invasive species: common
buckthorn, glossy buckthorn, callery pear, Japanese barberry, water hyacinth, and water lettuce.

Economic and Ecological Sense

[t makes mo economic or ecological sense to allow the source of the preblem to keep spreading while
the public pays to clean it up later.
It’s like building a house just to burn it down — and then rebuilding it to burn it down again,

Homeowners who want to restore their land often face prohibitive costs and labor just to remove these
invasives.
Prevention — through regulation — is the most cost-effective, responsible, and sustainable solution.



Invasive species succeed because they outcompete native species for light, nutrients, and space —
effectively erasing the diverse, interconnected web that sustains Michigan’s ecosystems,

This is the real ticking time bomb: as our native plant base disappears, so do pollinators, birds, and other
wildlife — leading to ecological and economic losses that are almost impossible to reverse.

Preventing these invasions now is far easier — and far cheaper — than trying to rebuild a coltapsed
ecosystem later.

What These Species Do

¢ Callery pear — already banned in Ohio and Pennsylvania — forms dense thickets that crowd
out native trees and wildflowers, leaving little to no habitat for birds or poilinators.

e Japanese barberry creates humid thickets ideal for ticks carrying Lyme disease, alters soil
chemistry, and displaces native shrubs. Several states, including Massachusetts, Maine, and
Minnesota, have already banned it.

e Common and glossy buckthorn dominate woodlands, trail edges, and wetlands, displacing the
native plants that pollinators and wildlife depend on.

*  Water hyacinth and water lettuce clog waterways, kill fish by reducing oxygen, and require
expensive removal — yet both are still legally sold in Michigan nurseries today.

Many other states have already taken similar action to restrict or ban these species because of their
proven ecological and economic harm. Michigan should not have to keep paying the price for plants that
other states have already recognized as destructive.

That alone shows why this proposal is necessary and overdue,

Consumers Want Change

I’ve spoken with thousands of Michiganders through community events, workshops, and public
programs.

People don’t want to plant invasive species once they iearn the harm they cause. The problem isn’t
resistance — it’s awareness.

Just as | once didn’t realize that the *“green blight” in my own yard was invasive, many homeowners don’t
know either.

By banning these six species, Michigan sends a strong educational message: these plants are so
damaging to our ecosystems and economy that they can no longer be sold.

That action alone will change consumer behavior and help protect Michigan’s biodiversity for
generations to come.

Closing
This proposal is a smart, proactive investment that protects Michigan’s ecosystems, wildlife, and
taxpayers.

Let’s stop the problem at the source.

Thank you again for allowing me to testify on this critical issue and for your leadership in protecting
Michigan’s naturai future.



Matthew Bertrand, MLA
Park Planner, Washtenaw County Parks and Recreation Commission
2230 Platt Rd, Ann Arbor Ml 48104

My name is Matthew Bertrand, Park Planner for the Washtenaw County Parks and
Recreation Commission, located at 2230 Platt Rd, Ann Arbor, M| 48104. My comments do
not represent the official views of Washtenaw County Parks.

The ongoing sales of the six species proposed for regulation are counterproductive and
undermine Washtenaw County Park’s efforts to preserve the County’s ecological resources
through our Natural Areas Preservation Program (NAPP). For over 25 years, Washtenaw
County residents have supported NAPP through a dedicated millage to preserve and
protect unique natural areas within Washtenaw County. The Ordinance governing NAPP
specifically states that “Washtenaw County is a desirable place to live, work and visit in
large part because of the existence of natural areas within the County.” Since its inception,
the Washtenaw County Natural Areas Preservation Program has protected over 10,000
acres of land. The Ordinance further clarifies that a key reason to purchase natural areas is
“to protect fragile lands and environmentally threatened lands.” These acres include the
establishment of 40 nature preserves that provide the public with passive recreation
opportunities and enjoyment of nature.

In order to manage these natural habitats, every year Washtenaw County Parks invests
hundreds of thousands of dollars and thousands of volunteer hours in managing Common
Buckthorn, Glossy Buckthorn, Callery Pear, Japanese barberry, and other invasive species
across 6,000 acres of public land. We regularly survey our highest quality wetlands for
Water Hyacinth and Water Lettuce, which we fully expect to find—and bear significant
costs for management—without regulation to remove these plants from the nursery trade.

Effective public policy around invasive ornamental plants makes research-based
predictions for invasiveness while also coordinating with the nursery industry to mitigate
potentialinjury. Other states have banned several of these species, including Callery Pear
{Ohio, Pennsylvania, and Missouri), Japanese Barberry {(Maine, Minnesota, New Hampshire,
New York, Pennsylvania), and both Water Lettuce and Water Hyacinth (Wisconsin, most
southern states). Critically, regulation should occur through a framework that mitigates
harm to nurseries, such as by providing nurseries time to sell down stock to reduce
potential financial injury. Improved coordination around this issue opens a possible future
with less conflict and greater celebration of nurseries as positive actors on behalf of the
environment. Only by working together can Michigan adapt to the challenges of climate
change while fostering a thriving nursery industry, vibrant communities, and healthy natural
areas for wildlife and pecple to enjoy.

Thank you for your time and leadership on behalf of communities in Washtenaw County.



From: Allison Krueger <kruegera@washtenaw.org>

Sent: Monday, November 3, 2025 9:58 AM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Cc: Grzesiak, Katie (DNR) <GrzesiakK1@michigan.gov>

Subject: Support for regulation of invasive species

CAUTION: This is an External email. Please send suspicious emails to
abuse@michigan.gov

Hello-

Thank you for taking up the difficult issue of invasive species regulation. | work for
Washtenaw County as the Stewardship Planner where my work focuses on natural
resource protection and management. Washtenaw County Parks manages over 6000
acres of tand for public use. We are actively removing Common Buckthorn, Glossy
Buckthorn, Callery Pear and Japanese Barberry from forests, wetlands, and prairies. We
survey our highest quality wetlands for water hyacinth and water lettuce and would work to
remove if discovered. Washtenaw County staff and volunteers spend hundreds of hours on
this work annually.

Removal of these species helps to ensure rare species, like the Eastern Massassauga
Rattlesnake, Mitchel Satyr Butterfly, Grasshopper Sparrow, Dickcissels, and Lady Slipper
Orchids can persist. In recent surveys we have also found strong public support for the
stewardship of our native ecosystems.

The species proposed for regulation provide little value in any landscape and do not need
to be sold in Michigan. Regulating these species makes sense in protecting the natural
heritage of Michigan. | appreciate your help in this effort.

| am unable to join at the meeting in November to provide public comments. | do hope this
email can be considered to show support for this regulation.



Mezers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Tuesday, November 4, 2025 1:26 PM

To: Meyers, Katrina (MDARD)

Subject: FW: Support for Proposed Invasive Species Regulations, Agenda (tem, Nov 5, 2025
Categories: Green category, Blue category

From: Angela Nelson <angela@eastmichnatives.com>

Sent: Tuesday, November 4, 2025 12:42 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>

Subject: Support for Proposed Invasive Species Regulations, Agenda Item, Nov 5, 2025

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.goy

To Whom It May Concern,

East Michigan Native Plants strongly supports MDARD’s proposed addition of these species—and all
their cultivars—to the Michigan Prohibited and Restricted Lists:

- Common buckthorn - Restricted
- Glossy buckthorn - Rastricted

- Callery pear - Restricted

- Japanese barberry - Restricted

- Water hyacinth - Prohibited

- Water lettuce — Prohibited

These plants are highly invasive, threaten native plant communities, and degrade habitats critical to
birds, pollinators, and other wildlife. Protecting Michigan’s natural landscapes is essential for
biodiversity and the long-term health of ecosystems.

These species are recognized as invasive by multiple authorities. Several are currently listed on
Michigan.gov’s Invasive Species WATCHLIST, while all are identified as invasive on Michigan.gov’s
broader Invasive Species pages and on Michiganinvasives.org. They are also included in the Midwest
Invasive Species Network (MISIN, misin.msu.edu), where they are considered reportable invasive
species, and in the Midwest Invasive Plant Network’s regional invasive plant lists. All of Michigan’s
neighboring states have already taken action to restrict or ban many of these same plants. Elevating
these species from WATCHLIST or monitored status to Prohibited or Restricted would align Michigan
with best practices and ensure we are no longer lagging behind regional standards for protecting
ecosystems.



We recognize that some growers may face financial impact. However, these changes can open the door
to entirely new revenue opportunities. By shifting focus toward non-invasive cultivars and expanding
native plant offerings, growers can capture emerging market demand, differentiate themselves as
responsible and environmentally conscious businesses, and build tong-term customer loyalty. Michigan
already has strong resources to support this transition. Programs such as Go Beyond Beauty connect
growers and landscapers with regional networks that promote non-invasive alternatives, provide
education, and celebrate businesses that lead by example, Partnering with these hubs allows growers to
demonstrate environmentat leadership while developing new, profitable product lines that reflect
modern ecological values. This transition not only offsets potential losses but can create a more
sustainable, profitable, and ecologically beneficial path forward.

On a side note, East Michigan Native Plants is located in Durand, Michigan, and owned and operated by a
member of the Sault Ste. Marie Tribe of Chippewa indians in the U P. of Michigan. Our commitment goes
beyond growing native species and supporting wildlife—we strive to preserve the environment of our
ancestors, uphold traditional plant knowledge, and promote stewardship rooted in Indigenous cultural
practices. We urge the Commission to adopt these regulations as proposed to safeguard Michigan’s
natural heritage.

Thank you for considering our testimony and philosophy in your decision-making process. We view this
proposal as a crucial first step toward broader efforts to restrict additional invasive plants recognized
across our region. Michigan has an opportunity to lead by example, protecting both our ecosystems and
our shared environmental heritage for future generations.

Thank you for your leadership and continued commitment to protecting Michigan’s natural resources.
Sincerely,

Angela Nelson
Horticulturist/President

East Michigan Native Plants, LLC
Durand, Michigan

phone: (810} 333-7501

email: Angela@EastMichMNatives.com
web:
http://EastMichiganMNativePlants.com
"Grow Something Beautifull”

Go Wild! Go Native!



From: Daniel Arini <danielarini1@gmail.com>

Sent: Thursday, October 30, 2025 1:50 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>

Subject: Public Comment in Support of Proposed Regulation of Six Invasive Species

CAUTION: This is an External email. Please send suspicious emails to
abuse@michigan.gov

Dear Members of the Michigan Commission of Agriculture and Rural Development and the
Natural Resources Commission,

I am writing to express my strong support for the proposal to regulate six invasive plant
species — common buckthorn, glossy buckthorn, callery pear, Japanese barberry, water
hyacinth, and water lettuce.

These species have well-documented negative impacts on Michigan’s ecosystems, native
biodiversity, and agricultural productivity. For example:

« Common and glossy buckthorn outcompete native understory plants, making
restoration of native habitats extremely difficult.

+ Callery pear has escaped ornamental plantings and is spreading rapidly across
open fields and roadsides, forming dense thickets that crowd out native vegetation.

+ Japanese barberry creates ideal habitat for ticks and can contribute to the spread of
Lyme disease.

» Water hyacinth and water lettuce choke waterways, disrupt aquatic ecosystems,
and interfere with recreation, fisheries, and water management.

Adopting these regulations would be a great first step in helping Michigan align with
neighboring Midwest states, many of which have already taken strong action to limit or
prohibit these same invasive plants. Aligning Michigan’s policies with regional efforts will
improve coordination, reduce the spread of these species across state lines, and
demonstrate our state’s commitment to protecting shared natural resources.

While | strongly support regulating these six species, | also urge the Commissions not to
stop here. Many additional invasive or potentially invasive plants continue to threaten
Michigan’s ecosystems and economy. A proactive, ongoing review process to identify and
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College of Forest Resources and Environmental Science

To: Michigan Commission of Agriculture and Rural Development
From: the Keweenaw Invasive Species Management Area

Dr. Sigrid Resh, KISMA Coordinator Qj“d (R
August Camp, KISMA Assistant Coordinator August Camp-

Date: 30th October 2025
Re: The proposed additions to the prohibited and restricted invasive species list presented at

the meeting of the Michigan Commission of Agriculture and Rural Development

The Keweenaw Invasive Species Management Area (KISMA) is in full support of the
proposed prohibition and restriction of these 6 species (water hyacinth, water lettuce,
Japanese barberry, callery pear, common buckthorn, and glossy buckthorn).

As one of Michigan's 22 Cooperative Invasive Species Management Areas (CISMAs), our
mission is educating our communities about and assisting with the management of invasive
species across ownership boundaries. Woody invasive species, including the invasive
buckthorns and Japanese barberry are high priority invasive species in our management area
(Houghton, Keweenaw, and Baraga counties). We have first hand experience with the
detrimental impacts of these species on our ecosystems, including decreased plant diversity,
insect herbivory, and forest regeneration. These species have long term impacts on our
ecosystem, causing pervasive changes to species diversity and ecosystem function.

As a CISMA, It is frustrating to be removing these species from the landscape, while
continuing to see them sold locally. KISMA works to persuade local nurseries to avoid
selling invasive species and provide native alternatives, however, many nurseries and big box
stores continue distributing these harmful species throughout Michigan. Therefore we
support the Michigan Commission of Agriculture's proposal to prohibit and restrict the above
mentioned species and all of their cultivars.

100 U. J. Noblet Forestry Building | 1400 Townsend Drive, Houghton, Ml 49931-1295
906-487-3437 | {. 906-487-2915 | foresit@mtu.edu | mtu.edu/forest

Michigan Technological Unversity 1s an Equal Opportunity Educational Inshiution/Equal Opponumur Employar
that provides aqual oppartumty for all, including protected and individuals with




Keweenaw

1284 Hickory Lane
Houghton, M| 49931
marciagoodrich@gmail.com
November 2, 2025

The Honorable Kathy Garthe, Chair

Michigan Commission of Agriculture and Rural Development
P.O. Box 30017

Lansing, Ml 48909

Dear Commissioner Garthe:

The Wild Ones Keweenaw Chapter extends its wholehearted support for MDARD Invasive
Species Order Amendment No. 1 of 2025. The six plants covered in this amendment have a
long history of invading natural areas and upending ecosystems, and we applaud this effort to
rein them in.

Members of our chapter, including myself, have not only witnessed our woods being taken over
by buckthorn and Japanese barberry, we have also spent hours working to remove them from
our yards and the surrounding landscapes. In addition, plenty of taxpayer money is spent trying
to keep our wild areas from being overwhelmed by these and other invasives.

Ironically, these same plants can be sold to our often-unsuspecting neighbors. From their yards,
they reinfest area woods and waters.

I understand that growers profit from selling these plants, but they don't have to bear the cost of
the damage they do. Plus, there are plenty of other beautiful landscaping and pond plants on
the market that don't hurt the environment. I'm sure most gardeners would happily pivot if they
knew the harm being done by this dirty half-dozen.

Thank you for the opportunity to express our support for this important initiative.
Sincerely,

Marcia Goodrich, President
Wild Ones Keweenaw Chapter



November 3, 2025

4628 Westbrook Dr
Traverse City, Ml 49685

Dear Michigan Commission of Agriculture and Rural Development:
Natural Resources Commission:

This letter is being written regarding the regulation of six new invasive species in
Michigan. | support regulating and prohibiting invasive species in Michigan and believe
this list is seriously inadequate.

| am in support of expanding this list to include the invasive species listed on the
Northwest Michigan Invasive Species Network website, habitat matters.org of 6 Wetland
Plants,13 Field Plants, 6 Dune Plants, and 6 Woodland Plants that may still be sold in
nurseries as well as those invasive plants that are so ubiguitous in the ecosystem that
they are rarely mentioned.

Specifically listing species is crucial for education. For example, many of us know
Spotted Knapweed is an invasive plant that is detrimental to Michigan’s native plant
communities yet, there is an Apiary in Benzie County that markets their honey as “Star
Thistle”, a cute name for Spotted Knapweed. European Honeybees are managed
livestock. They do not need Spotted Knapweed in their diet. Recently a Michigan
Wildflower facebook page had a posting selling Spotted Knapweed seeds. When
commenters noted it was an invasive species, the author replied that its sale is not
prohibited in the State. These are only two serious examples of why the list must be
expanded.

| am the current President of Plant It Wild, an educational non-profit centered in Benzie
and Manistee Counties and serving northwest lower Michigan. As a certified Advanced
Extension Master Gardener with over 1,500 volunteer hours primarily in Michigan Native
Pilant projects | have been immersed in invasive and native plants in the northwest
corner of lower Michigan since 2007. in the past 10 years my husband and | have
added 11 Michigan native plant landscaped beds to our property, removed invasive
plants in an entire 19,000 square-foot area owned by our neighbor to create meadow
and rain garden habitat, received Sacred Grounds Funding from the National Wildlife
Federation for our church to replace non-native and invasive plants on our church
grounds, and currently are working on a project for our neighbors to remove Autumn
Olive from our neighborhood.

We desperately need your support by defining a thorough list of prohibited plants.
Very truly yours,

Cheryl A. Gross



Mezers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Tuesday, November 4, 2025 9:.06 AM
To: Meyers, Katrina (MDARD)

Subject: FW: Regulation of Invasive Species Sales
Categories: Green category

From: lennifer Dennis <jldennis27@hotmail.com>

Sent: Monday, November 3, 2025 4:34 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Subject: Regulation of Invasive Species Sales

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To whom it may concern,

| would like to support the regulation of sales of Buckthorn (both common and glossy), Japanese Barberry, and
Callery Pear in Michigan. These four species don't stay where they are planted and are difficult to eradicate once
they become established, regardless of whether that establishment is intentional or not. They crowd out native
shrubs and understory trees, as well as shade our early spring ephemerals (these invasive species often leaf out
well before our native shrubs).

Additionally, Japanese barberry specifically has been associated with ticks, and with the rise of tick born diseases
we do not need any more plants that encourage them.

Quite frankly | was surprised to learn the sale of these plants was not already regulated.

Sincerely,
Jennifer Dennis
Superior Twp, M



Me!ers. Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Tuesday, Novernber 4, 2025 11:42 AM
To: Meyers, Katrina (MDARD)

Subject: FW: PUBLIC COMMENT

Categories: Blue category, Green category

From: LynnB <MIwildflowers@charter.net>

" Sent: Tuesday, November 4, 2025 10:55 AM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Subject: PUBLIC COMMENT

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov
Better Finds, LLC

Specimen Grade Woodland ‘Wildflowers & Ferns
Lynnette Fouch Bugenske — Saginaw, Michigan

November 4. 2025

Michigan Commission of Agriculture & Rural Development
PO Box 30017
Lansing, MI 48909

MDA-Ag-Commission@Michigan.gov

RE: PROPOSED PROHIBITED AND RESTRICTED INVASIVE SPECIES —
COMMON BUCKTHORN (RHAMNUS CATHARTICA) — RESTRICTED
GLOSSY BUCKTHORN (FRANGULA ALNUS) — RESTRICTED
CALLERY PEAR (PYRUS CALLERYANA) — RESTRICTED
JAPANESE BARBERRY (BERBERIS THUNBERGII) — RESTRICTED
WATER HYACINTH (EICHHORNIA CRASSIPES) — PROHIBITED
WATER LETTUCE (PISTIA STRATIOTES) — PROHIBITED

We comment this day in support of proposed additions to prohibited and restricted species
within the State of Michigan. We also view the proposed timetable to phase-out Common
1



buckthorn (Rhamnus cathartica) and Japanese barberry (Berberis thunbergii) as overly
generous.

As landowners witness to the monoculture a single Common Buckthorn can create in a decade;
assisting a new responsible neighbor, the labor-intensive effort required to extirpate this
species once established. Therefore we urge the Commission to amend the proposed listing,
prohibiting sales effective January 2026. Buckthorn is a bane, offers little support to wildlife,
and with no intrinsic value as a specimen planting.

We also urge the Commission to accelerate the phase-out Japanese barberry. As volunteers
within Saginaw County’s Price Nature Center for over 30 years witness to this species intrusion
within this tract, and increasingly observed specimens on other public and private lands. With
this species potential invasiveness known for decades and the many alternatives available —
both native & non-native, we view such action as both logical and of modest encumbrance to
the Green Industry.

Thank you for your consideration.

Loynen®

Lynnette Fouch Bugenske, Owner
BetterFinds LLC

Tim®
Timothy J Bugenske
Nursery Manager

Supporting Business Meml

2|
|
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Mezers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Tuesday, November 4, 2025 1:.27 PM
To: Meyers, Katrina (MDARD)

Subject: FW: Support for MDARD Proposal
Categories: Green category, Blue category

From: Kelly Konieczki <momcatkelly@yahoo.com>

Sent: Tuesday, November 4, 2025 1:08 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Subject: Support for MDARD Proposal

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Commissioners,

This is in reference to agenda item #13 for tomorrow's November 5th meeting. Since I'm unable to
attend in person, I'm writing to express my support of MDARD's proposal to regulate the following species and their
cultivars: Common buckthorn (Rhamnus cathartica,) Glossy buckthorn (Frangula alnus,) Callery pear (Pyrus

calleryana,) Japanese barberry (Berberis thunbergii,) Water hyacinth (Eichhornia crassipes,) and Water lettuce

(Pistia stratiotes.)

As a dedicated volunteer, I've been involved in invasive species removal efforts and have seen first-
hand the detrimental effects many of these plants are causing to our natural areas. | help lead
sustainability efforts on our city's Beautification Commission, which includes creating awareness
about the damage these plants can cause outside of our home landscaping. Education and outreach
can only go so far, as nurseries continue to sell these plants to unknowing gardeners and landscape
companies.

Aside from habitat loss, invasive species are the greatest threat to healthy ecosystems. Managing them is the responsible
thing to do. Many states have already taken the important steps to better regulate these species and
protect natural areas. | respectfully urge you to support MDARD's proposal to restrict these species,
and thank you for your time.

Sincerely,

Kelly Konieczki



Lake, Anaie (MDARD)

From: Holly <hfleischman@comcast.net>
Sent: Tuesday, November 4, 2025 5:16 PM
To: MDA-Ag-Commission

Cc: Holly Fleischman

Subject: Invasive species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Please add six invasive species—and all their cultivars—to Michigan's Prohibited and Restricted Lists: Common
Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and Water Lettuce.

My family and | spend plenty of time removing buckthorn and several other invasives from our 2.2 acre property. These
plants are highly invasive and threaten native plant communities, wildlife, and pollinators across the state. Protecting
Michigan’s ecosystems is critical!

Sincerely,
Holly Fleischman
Sent from my iPhone



Lake, Angie (MDARD)

From: Madeline Wagner <madelinemwagner@gmail.com>
Sent: Tuesday, November 4, 2025 4:42 PM

To: MDA-Ag-Commission

Subject: Proposed Plants to Prohibited and Restricted Lists

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To Whom It May Concern,

I am writing to support the inclusion of the proposed plants (Common buckthorn, Glossy buckthorn,
Callery pear, Japanese barberry, Water hyacinth, and Water lettuce) on the Prohibited and Restricted
lists in the State of Michigan. These are among some of the most onerous and destructive species we
see still commonly sold and planted by average Michiganders - many who are not remotely aware of
the ecological disaster they are aiding.

Please support the ecological restoration efforts state agencies, environmental groups, and individual
Michiganders are making by eliminating these plants from sale and trade.

Thank you.

Madeline Wagner
madelinemwagner@gmail.com

Pronouns: she | her | hers



Lake, Anaie (MDARD)

From: L. McEnery <mcenerykl@gmail.com>

Sent: Tuesday, November 4, 2025 4:53 PM

To: MDA-Ag-Commission

Subject: invasive Species Michigan's Prohibited and Restricted Lists

CAUTION: This is an External email. Please send suspicious emails to abuse @michigan.gov

To Whom It May Concern,

| volunteer countless hours removing invasive species from parklands and my own yard and | inform friends, neighbors,
family and anyone who will listen about why they should care about invasive species.

This proposed list of Common and Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and Water
Lettuce is a nice start and should, without question be added to the Prohibited and Restricted list. | whole-heartedly
back this move.

1 also suggest that Michigan move quickly to add additional species to this list including but not limited to:
Chinese privet (Ligustrum sinense)
Burning Bush, (Euonymus Altus)
Wintercreeper (Euonymus fortunei)
Asian Bittersweet (Celastrus orbiculatus)

English and Swedish vies

These plants are all moving into our wild areas and cause terrific damage. There are many, many other to consider, but
these are the ones | see moving from our yards to our wild areas.

Thank you for your time and consideration.

Laura McEnery



Lake, Angie (MDARD)

From: Evan Martin <emartin@fastmail.com>
Sent: Tuesday, November 4, 2025 5:08 PM
To: MDA-Ag-Commission

Subject: Regulation proposal

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

| would like to voice my support for restricting and/or prohibiting the following species and their cultivars:
Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth and Water
Lettuce.

My city just voted on a millage to add more funding to our Parks department to help manage invasive
species, an effort that has largely been volunteer based. Even with volunteers and extra funding, we will
still be fighting an uphill battle if these species are not regulated. Our native ecosystems are strained and
need all the help they can get.

Sincerely,
Evan Martin



Lake, Anﬂie (MDARD)

From: Nicole Vorce <nicole vorce@yahoo.com>
Sent: Tuesday, November 4, 2025 5:43 PM

To: MDA-Ag-Commission

Subject: Regulate invasive plants

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello, as a private MI citizen, | see the damage that invasive plants cause. | recently volunteered at the Bengel Nature
Center to remove buckthorn and autumn ofive. The Looking Glass conservation area has been taken over by invasives.
Michigan really needs help to prevent further damage. Thank you!

Sent from my iPhone



Lake, Angie (MDARD)

From: Katherine F <kfaddol@gmail.com>

Sent: Tuesday, November 4, 2025 6:10 PM

To: MDA.-Ag-Commission

Subject: Proposed Prohibited and Restricted Plant List Public Comments

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

YES YES YES | support these six garbage pltants and their trash cultivars being added to our prohibited
and restricted lists. Ban them in our state and help keep our Michigan beautiful and pure!

| own property in southeast Michigan and | see the nuisance chokehold these plants have on the
landscape and our ecosystems. Behind Somerset mall there is a thicket of callery pears that has choked
out all other wildlife. I've watched it grow over the years and it’s not nice. plus it smells disgusting.

Every spring and summer | have to pull Japanese barberry seedlings out of my own yard, because birds
drop the berries and the plant tries to establish in my yard. Extremely rude.

Don’t even get me started on the stench of callery pears when I’m trying to walk my dog or run outside.
Foul! Plus when | lived in Oak Park, branches fell off my neighbors callery pears all the time. What good is
the tree if all it does is drop dangerous branches and stink up the area??

Thanks,

Katherine Faddol

248-622-3521 cell

313-373-0566 work

**My work number has changed**



Lake, Angie (MDARD)

From: Tim Bogar <timbogar@gmail.com>
Sent: Tuesday, November 4, 2025 6:20 PM
To: MDA-Ag-Commission

Subject: Restricting invasives

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello,

| only just learned about the pending move to restrict and prohibit certain invasives, including Japanese
barberry and Callery pear. | strongly support this. In fact, | would prefer that the plants slated for
restriction actually been prohibited.

It boggles my mind that barberry and the Callery pear can still be purchased or planted.

-- Tim Bogar



Lake, Angie (MDARD)

From: Elliot Sedlecky <sedleell@gmail.com>
Sent: Tuesday, November 4, 2025 6:35 PM
To: MDA-Ag-Commission

Subject: Invasive species

CAUTION: This is an External email. Please send suspicious emails to abuse @michigan.gov

Hi,
| heard about the proposal to regulate/ban the sale of invasive species below. | support full regulation/banning the sale

of the following species. Please protect our natural lands and native plants!

Common buckthorn {Rhamnus cathartica) — Restricted Glossy buckthorn (Frangula alnus} — Restricted Callery pear (Pyrus
calleryana) — Restricted Japanese barberry (Berberis thunbergii) — Restricted Water hyacinth (Eichhornia crassipes) —
Prohibited Water lettuce (Pistia stratiotes) — Prohibited

Best Regards,
Elliot



Lake, Anaie (MDARD)

From: Donna Kolojeskie <dkoloj@wowway.com>
Sent: Tuesday, Novermnber 4, 2025 7:.03 PM

To: MDA-Ag-Commission

Subject: Proposal to Regulate Invasive Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To Whom It May Concern,

As a resident of Michigan and Wayne County, a native plant grower, outdoor enthusiast, hiker, and Wild Ones member, |
want to commend the Michigan DNR for their proposal to regulate six invasive species in Wayne County, including
common buckthorn, glossy buckthorn, callery pear, Japanese barberry, water hyacinth, and water lettuce. | only wish it
could include more!

One must only leave the house and walk a short distance to spot these species quite easily in most places. In my
neighborhood, | need only walk a couple blocks to a wooded area where there is ample buckthorn of both types named
above. In springtime, it is so easy to spot the white blossoms of callery pear along roadsides everywhere in the area,
whole forests of them, pushing out natives. In my neighborhood, people are still planting and trimming their Japanese
barberry as an ornamental. | took three out of my front yard two summers ago and happily replaced them with New
Jersey tea. | would love to see this happen everywhere.

In addition to preventing these species from being sold, | would also very much like to see a serious effort to educate the
public about these plants and the endless list of other invasive plants out there. | believe it would help if there could be a
campaign to educate people on what various common invasive species look like and if property owners could also learn
how to remove them. | think most people want to do the right thing when they can, they just need to be shown how.

Thank you sincerely for your efforts! I'm hoping this will be the start of a big turnaround for natural habitats in Wayne
County!

Donna Kolgjeskie
dkoloj@gmail.com
2641 Culver
Dearborn, Ml

Sent from my iPhone



Lake, Angie (MDARD)

From: Rosann Kovalcik <kovalcikrosann@gmail.com>
Sent: Tuesday, November 4, 2025 8:10 PM

To: MDA-Ag-Commission

Subject: Six invasive species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

| support the banning of these six invasive species - Common Buckthorn, Glossy Buckthorn, Callery Pear,
Japanese Barberry, Water Hyacinth, and Water Lettuce.

These plants are highly invasive and threaten native plant communities, wildlife, and pollinators across the
state. Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.

Please take this important step

Rosann Kovalcik
766 Hampton Road
Grosse Pointe Woods, M1 48236




Lake, Angie (MDARD)

From: Theresa Farmer <freckles424@hotmail.com>
Sent: Tuesday, November 4, 2025 9:51 PM

To: MDA-Ag-Commission

Subject: Invasive Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello,

Please add the following six invasive species—and all their cultivars—to Michigan’s Prohibited and Restricted Lists:
Common Buckthorn, Glossy Buckthorn, Callery Pear, lapanese Barberry, Water Hyacinth, and Water Lettuce.

These plants are highly invasive and threaten native plant communities, wildlife, and pollinators across the state.
Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.

Thank you,
Theresa Farmer

Sent from my iPhone



Lake, Angie {MDARD)

From: U of M <jlbabich@umich.edu=

Sent: Tuesday, November 4, 2025 10:07 PM

To: MDA-Ag-Commission

Subject: New plants on Prohibited and Restricted Lists

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello. It is vital to protect the state of Michigan by prohibiting and restricting invasive species. | fully support adding
species such as Callery Pear, Common Buckthorn, and Japanese Barberry to the Prohibited and Restricted Lists. We need
to be more proactive in preventing the spread of invasive species and there is no reason to allow them to be bought and
sold. These invasive species, along with many others including burning bush, are detrimental to our ecosystems. Please
add these invasive species to the Prohibited and Restricted Lists.

Thank you.

Jenna Babich



Lake, Anﬂie (MDARD)

From: Olivia Lehr <olivia.lehr@gmail.com>
Sent: Wednesday, November 5, 2025 7:26 AM
To: MDA-Ag-Commission

Subject: Prohibited and Restricted Plants additions

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear MDARD

| am writing in strong support of adding the following proposed invasive species —and all their cultivars—
to Michigan’s Prohibited and Restricted Lists: Common Buckthorn, Glossy Buckthorn, Callery Pear,
Japanese Barberry, Water Hyacinth, and Water Lettuce.

Because these plants are highly invasive and threaten native plant communities, wildlife, and pollinators
across the state, | strongly feel the sale and distribution of these species should be prohibited. | have
personally seen many of these species taking over natural areas across the state.

Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.

Thank you for your consideration.

Sincerely,
Olivia Lehr



Lake, Angie (MDARD)

From: cathy cleary <deacon8150@gmail.com>
Sent: Wednesday, November 5, 2025 7:50 AM
To: MDA-Ag-Commission

Subject: MDARD invasive plants

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

As a Michigan resident (7314 Lake Leelanau Dr, Traverse City, 49684). | strongly urge the MDARD to adopt the Common
Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth and Water Lettuce on to the Prohibited
and Restricted List. These plants are highly invasive and threaten native plant communities, wildlife and pollinators
across the state.

Thank you for your consideration,

Cathleen Cleary



Lake, Angie (MDARD)

From: ANDREW DETTLING <dendroica@sbcglobal.net>
Sent: Wednesday, November 5, 2025 7:54 AM

To: MDA-Ag-Commission

Subject: 6 invasive species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello, | am writing in support of restricting these six invasive plant species. | have spent the past 30 years
removing them from parks and itis getting worse.

Thank you for these proposed rules

Andy Dettling
Canton, Mi

Sent from AT&T Yahoo Mail for iPhone



Lake, Angie (MDARD)

From: kristalr@gmx.com

Sent: Wednesday, November 5, 2025 8:08 AM
To: MDA-Ag-Commission

Subject: Invasive species proposal

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear MDARD,
I am writing in strong support of adding the proposed invasive species —and all their cultivars—to Michigan’s Prohibited
and Restricted Lists. These species namely being: Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry,

Water Hyacinth, and Water Lettuce.

Many of these have negatively affected my 4 acre parcel in southern Washtenaw County, choking out native species and
leaving wildlife with little to forage for.

Because these plants are highly invasive and threaten native plant communities, wildlife, and pollinators across the state,
I strongly feel the sale and distribution of these species should be prohibited.

Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.
Thank you for your consideration.
Sincerely

Kristal MacArthur
Milan, Mi



Lake, Angie (MDARD)

From: Nick Segerson <nsegerso@gmail.com>

Sent: Wednesday, November 5, 2025 8:19 AM

To: MDA-Ag-Commission

Subject: Support for Adding Six Invasive Plants to Michigan’'s Prohibited and Restricted Species
List

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To Whom It May Concern,

I’'m writing in strong support of the Michigan Department of Rural & Agricultural Development taking
action to add Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth,
and Water Lettuce—and all their cultivars—to the state’s Prohibited and Restricted Species List.

This action is urgently needed for three key reasons:

1. Protecting Native Ecosystems: These species aggressively outcompete native plants, disrupting the
delicate balance of Michigan’s natural habitats. Their spread threatens biodiversity and undermines
decades of conservation work.

2. Reducing Long-Term Management Costs: Once established, these invasives require costly and
repeated removal efforts. Proactive regulation will save municipalities, tandowners, and conservation
groups significant resources over time.

3. Safeguarding Wildlife and Waterways: Plants like Water Hyacinth and Water Lettuce choke aquatic
systems, degrading water quality and harming fish, amphibians, and birds. Others, like Japanese
Barberry, create dense thickets that alter soil chemistry and increase tick populations.

Michigan’s landscapes are worth protecting. | urge you to finalize this proposal and take a strong stand
against the spread of these harmful species.

Sincerely,
Nick Segerson
Holt, M| 48842

Nick Segerson
M.S. Plant Biology
Cell: (480)747-7154



Mezers, Katrina (MDARD)

From: Dawn <zebedance@gmail.com>

Sent: Wednesday, November 5, 2025 8:22 AM

To: MDA-Ag-Commission

Subject: Prohibited/restricted species list additions--support

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear MDARD,

| am writing in strong *support* of adding the proposed invasive species —and all their cuttivars—to
Michigan’s Prohibited and Restricted Lists. These species namety being: Common Buckthorn, Glossy
Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and Water Lettuce.

Because these plants are highly invasive and threaten native plant communities, wildlife, and pollinators
across the state, | strongly feel the sale and distribution of these species should be prohibited.

Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.
Thank you for your consideration.
Sincerety,

Dawn S
Holland, Ml



Lake, Anﬂie (MDARD)

From: K Nowaczyk <kathy499@peoplepc.com>
Sent: Wednesday, November 5, 2025 8:27 AM
To: MDA-Ag-Commission

Subject: adding 6 invasive

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello mda-ag-commission,

I fully support adding the six new invasive plants to the prohibited list. I have watched
the phragmites overrun so much land in Michigan that it is overwhelming to see. I call
phragmites the terrorists in the plant world. That is the lesson to be learned when
invasives are not controlled at the time when it is possible to control them.

I would also suggest that Michiganians are educated whenever and wherever possible to
the plants on the invasive list so that if they have these plants existing in their
landscape, they might consider eradicating them.

Thanks for your efforts to control invasive plants.

Kathleen Nowaczyk



Lake, Angie {MDARD)

From: R G <twigsrkh@yahoo.com>

Sent: Wednesday, November 5, 2025 8:44 AM
To: MDA-Ag-Commission

Subject: Michigan Invasive Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear MDARD,

I am writing in strong support of adding the proposed invasive species —and all their cultivars—to Michigan's Prohibited and Restricted
Lists. These species namely being:

Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and Water Lettuce.

Because these plants are highly invasive and threaten native ptant communities, wildlife, and pollinators across the state, | strongly feel
the sale and distribution of these species should be prohibited.
Protecting Michigan's ecosystems is critical, and this proposal is an important step forward.

Thank you for your consideration.
Sincerely,

Roberta Grondin
Michigan Resident



Lake, Anﬂie (MDARD)

From: Amy and Aaron Bodbyl-Mast <bmastfamily@gmail.com>
Sent: Wednesday, November 5, 2025 8:46 AM

To: MDA-Ag-Commission

Subject: Invasive Species Ban

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To whom it may concern,

| work and volunteer in natural resources management and wanted to write to support banning six
invasive species in Michigan as they are extremely detrimental to our ecosystems and economy.

Thanks!
Aaron

[



Lake, Angie (MDARD)

From: Katie M <kate.m.gh@gmail.com>

Sent: Wednesday, November 5, 2025 8:55 AM

To: MDA-Ag-Commission

Subject: Support for Adding Invasive Species to the Prohibited and Restricted Weeds List

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello,

As a Michigan resident, | want to express my full support for the addition of Common Buckthorn, Glossy
Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and Water Lettuce to the Prohibited and
Restricted Weeds List. | believe this step will not only improve the health of our environment but also
reduce long-term management costs, as prevention is far more effective and economical than treatment
once invasive species are established.

Thank you for your time and commitment to protecting Michigan’s natural resources.

Sincerely,
Katie M



Lake, Angie (MDARD)

From: Rusti Decker <rustimwf@gmail.com>

Sent: Wednesday, Novemnber 5, 2025 8:59 AM

To: MDA-Ag-Commission

Subject: November 5 Public Comment- Commission of Ag Meeting

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

To Whom it May Concern,

While | can understand the strain and frustration nurseries and traditional landscapers will feel having
to change the way they conduct their businesses, | fully support the proposal MDARD has set forth in
prohibiting and restricting Rhamnus cathartica, Frangula ainus, Pyrus calleryana, Berberis thunbergii,
Eichhornia crassipes, Pistia stratiotes and their cultivars. | don't believe that the good of the
ecosystem and native species, both flora and fauna, should play second fiddle to income and profits.
More care and attention needs to be taken when installing landscapes so that our native flora and
fauna alike can thrive. These proposed species create uninhabitable areas that end up being
breeding grounds for things like disease carrying ticks. It is incredibly short-sighted and selfish to
advocate for the continued use of such aggressive plants to line the industries pocket book just to
then leave the future costs and responsibility of trying to control/eradicate these to the counties and
homeowners. This "not my problem" attitude toward how these plants perform once installed is
appalling. Surrounding states have already taken measures to prohibit these species and it is my
opinion that the State of Michigan should follow their lead. | stand with MDARD on this.

Rusti Decker



Lake, Angie {MDARD)

From: Elizabeth Haber <elizabeth@lakeleelanau.org>
Sent: Wednesday, November 5, 2025 9:04 AM

To: MDA-Ag-Commission

Subject: Proposal to regulate 6 invasive plant species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Good morning,

As a natural resource professional who has spent much of her career working in natural areas in
Michigan, | wish to comment on the proposed list of 6 invasive plant species and voice my support for
regulating them under Michigan law.

| have personally seen the negative ecological impacts of all woody plants currently under consideration
{common buckthorn [Rhamnus cathartica], glossy buckthorn [Frangula alnus], callery pear [Pyrus
calleryana and horticultural derivatives], and Japanese barberry [Berberis thunbergii]}.

The two buckthorn species are incredibly aggressive and have produced impenetrable stands where few
native plants can survive. For example, while working for the Michigan Natural Features Inventory, |
observed possibly the worst common buckthorn invasion | have seen while | was surveying state forest
land near East Jordan along the Jordan River. The floodplain was choked with common buckthorn, with
tens of thousands of seedlings littering the forest floor. Hardly any native species were able to survive
under this dense canopy of invasive buckthorn. The fragile and valuable floodplain habitat has been
completely altered by this invasive shrub. On the Stonington Peninsula in the U.P., | was surveying forest
stands in the Hiawatha National Forest (again for MNFI) and | encountered the worst infestation of glossy
buckthorn | have ever seen. There are impenetrable walls of glossy buckthorn along roadsides and the
infestation is so intense that the normally wetland-loving glossy buckthorn is invading dry upland areas
as well. This invasion is not only detrimental to the rare and important plant species that call the
Stonington Peninsula home, but the denseness of the glossy buckthorn hampers wildlife movement and
reduces leafy food availability.

In fragile and rare forested dune habitats in the western lower peninsula, Japanese barberry is a serious
threat to the forest understory community. This species is spreading from planted individuals in
residential and commercial landscaping into our natural areas and out-competing our native forest
understory species. Japanese barberry has also been associated with increased prevalence of Lyme's
disease, as the tangled thorny branches can shelter disease-carrying mice from predators who would
normally be able to hunt them in an open forest understory. Japanese barberry contributes to the public
health threat of Lyme's disease and should not be allowed to be sold in Michigan.

| have observed the northward spread of Callery pear over the past several years. It is mostvisible in the
spring when it is flowering, and | have seen its northward march while driving along major highways from
the Indiana state line. This species spreads aggressively in open fields and can cross-pollinate with other
fruit trees to produce viable seeds. This species is commonly sold in the horticulture trade, but because

1



of its propensity to spread in natural environments, it should be prohibited from being scld in Michigan.
Ohio has already prohibited its sale because of its potential to harm the environment.

Lastly, water-hyacinth and water-lettuce are aggressive aquatic invasive plants that are frequently sold
in the water gardening industry. Both species are documented to cause ecological harm in places where
they have escaped. Michigan's healthy water bodies are not only precious ecologically, but are also a
huge economic draw to the state. If water-lettuce or water-hyacinth have infested a water body, the
public use of that water body is severely limited and clean-up costs would be high. The most cost-
efficient way to ensure the health of our lakes and water bodies is to prohibit the sale and possession of
these two invasive plant species.

Thank you for allowing the public to comment on these proposed additions to the list of regulated
invasive plants.

With kind regards,
Elizabeth Haber
Stewardship Coordinator

Lake Leelanau Lake Association
elizabeth@lakeleelanau.org

==




Lake, Angie (MDARD)

From: Katie Clark <katie.c@nc-ec.org>

Sent: Wednesday, November 5, 2025 9:11 AM

To: MDA-Ag-Commission

Subject: Please Support Adding Six Invasive Species to Michigan's Prohibited and Restricted Lists

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Michigan Department of Agriculture and Rural Development Commissioners,

| am writing to express my strong support for the proposal to add Common Buckthorn (Rhamnus
cathartica), Glossy Buckthorn (Frangula alnus), Callery Pear (Pyrus calleryana), Japanese Barberry
(Berberis thunbergii), Water Hyacinth {Eichhornia crassipes), and Water Lettuce (Pistia stratiotes)—
along with all of their cultivars—to Michigan’'s Prohibited and Restricted Species Lists.

Michigan's ecosystems are already under significant pressure from habitat loss, pollution, and climate change.
Allowing the continued sale and planting of these aggressively invasive species only accelerates the damage.
These plants spread rapidly, outcompeting and displacing native species that provide essential food and
habitat for pollinators, birds, amphibians, and countless other forms of wildlife. Once established, invasives like
buckthorn and barberry form dense, impenetrable thickets that choke out forest understories and prevent
natural regeneration. Aquatic invaders such as water hyacinth and water lettuce can smother lakes and
wetlands, deplete oxygen, and destroy critical fish and amphibian habitats.

The impacts are not just ecological—they are economic and social as well. Communities and land managers
across Michigan spend millions of dollars annually trying to control these same plants. Continuing to allow their
sale undermines conservation efforts and wastes taxpayer resources.

We cannot afford to keep repeating the same mistakes of the past—introducing and marketing non-native
species only to later discover the immense costs of managing their spread. Preventing further introductions is
far more effective and responsible than trying to eradicate established populations after the fact.

| urge the Commission to approve the proposal to list all six species and their cultivars as prohibited and
restricted. This is a necessary and forward-thinking step to protect Michigan's remaining native biodiversity
and preserve the natural heritage that makes our state unique.

Thank you for your time, your leadership, and your commitment to protecting Michigan’s ecosystems.
Sincerely,

Kathryn Clark
Newsygo, Michigan



Lake, Anﬂie (MDARD)

From: Marie Wilson <mariew@nc-ec.org>
Sent: Wednesday, November 5, 2025 9:13 AM
To: MDA-Ag-Commission

Subject: Invasive Species Prohibition

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Michigan Department of Agricutture and Rural Development Commissioners,

| am writing to express my strong support for the proposal to add Common Buckthorn {(Rhamnus
cathartica), Glossy Buckthorn (Frangula alnus), Callery Pear (Pyrus calleryana), Japanese Barberry
(Berberis thunbergii), Water Hyacinth (Eichhornia crassipes), and Water Lettuce (Pistia stratiotes)—along
with all of their cultivars—to Michigan’s Prohibited and Restricted Species Lists.

Michigan’s ecosystems are atready under significant pressure from habitat loss, pollution, and climate
change. Allowing the continued sale and planting of these aggressively invasive species only accelerates
the damage. These plants spread rapidly, outcompeting and displacing native species that provide
essential food and habitat for pollinators, birds, amphibians, and countless other forms of wildlife. Once
established, invasives like buckthorn and barberry form dense, impenetrable thickets that choke out
forest understories and prevent natural regeneration. Aquatic invaders such as water hyacinth and water
lettuce can smother lakes and wetlands, deplete oxygen, and destroy critical fish and amphibian
habitats.

The impacts are not just ecological—they are economic and social as well. Commmunities and land
managers across Michigan spend millions of dollars annually trying to control these same plants.
Continuing to allow their sale undermines conservation efforts and wastes taxpayer resources.

We cannot afford to keep repeating the same mistakes of the past—introducing and marketing non-
native species only to later discover the immense costs of managing their spread. Preventing further
introductions is far more effective and responsible than trying to eradicate established populations after
the fact.

| urge the Commission to approve the proposal to list all six species and their cultivars as prohibited and
restricted. This is a necessary and forward-thinking step to protect Michigan’s remaining native
biodiversity and preserve the natural heritage that makes our state unigue.

Thank you for your time, your leadership, and your commitment to protecting Michigan’s ecosystems.
Sincerely,

[Your Name]

[Your City], MIchigan

Marie Wilson

NCEC Board Member
Marie. wi@nc-ec.oig
248-767-5572



Mezers, Katrina (MDARD)

From: Sarah Pregitzer <spregitzer@sbcglobal.net>
Sent: Wednesday, November 5, 2025 9:13 AM
To: MDA-Ag-Commission

Subject: New Restricted Plant Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Template:

To: mda-ag-commission@michigan.gov
Subject: Please Support Adding Six Invasive Species to Michigan’s Prohibited and Restricted Lists

Dear Michigan Department of Agricutture and Rural Development Commissioners,

| am writing to express my strong support for the proposal to add Common Buckthorn (Rhamnus
cathartica), Glossy Buckthorn (Frangula alnus), Callery Pear (Pyrus calleryana), Japanese Barberry
(Berberis thunbergii), Water Hyacinth (Eichhornia crassipes), and Water Lettuce {Pistia stratiotes)—along
with all of their cultivars—to Michigan’s Prohibited and Restricted Species Lists.

Michigan’s ecosystems are already under significant pressure from habitat loss, pollution, and climate
change. Allowing the continued sale and planting of these aggressively invasive species only accelerates
the damage. These plants spread rapidly, outcompeting and displacing native species that provide
essential food and habitat for pollinators, birds, amphibians, and countless other forms of wildlife. Once
established, invasives like buckthorn and barberry form dense, impenetrable thickets that choke out
forest understories and prevent natural regeneration. Aquatic invaders such as water hyacinth and water
lettuce can smother lakes and wetlands, deplete oxygen, and destroy critical fish and amphibian
habitats.

The impacts are not just ecological—they are economic and social as well. Communities and tand
managers across Michigan spend miltions of dollars annually trying to control these same plants.
Continuing to allow their sale undermines conservation efforts and wastes taxpayer resources.

We cannot afford to keep repeating the same mistakes of the past—introducing and marketing non-
native species only to later discover the immense costs of managing their spread. Preventing further
introductions is far more effective and responsible than trying to eradicate established poputations after
the fact.

| urge the Commission to approve the proposal to list all six species and their cultivars as prohibited and
restricted. This is a necessary and forward-thinking step to protect Michigan’s remaining native
biodiversity and preserve the natural heritage that makes our state unigue.

Thank you for your time, your teadership, and your commitment to protecting Michigan’s ecosystems.
Sincerely,

Sarah B. Pregitzer

Newaygo Invasive Plant Project
Newaygo County Environmental Coalition



Lake, Angie (MDARD)

From: Laurie Johnson <yooperchicl@mac.com>
Sent: Wednesday, November 5, 2025 9:21 AM
To: MDA-Ag-Commission

Subject: MDARD prohibited/restricted plant list

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear MDARD:

I am an Upper Peninsula resident and land owner writing in strong support of adding the proposed invasive
species — Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water Hyacinth, and
Water Lettuce, and all their cultivars, to Michigan’s Prohibited and Restricted Lists. As a landowner and avid
outdoors-person, | have watched buckthorn and barberry take over both private and public lands across the
Michigan landscape. | have watched Callery Pear spread from suburban areas and invade our wild lands, as
both barberry and Callery Pear continue to be sold at nurseries and big box stores across our state. And while
water hyacinth and water lettuce have not yet reached the UP the fact that they continue to be allowed to be
sold, along with continuing warming temperatures, means that it is only a manner of time.

Because these plants are highly invasive and threaten native plant communities, wildlife, and pollinators
across the state, [ strongly feel the sale and distribution of these species should be prohibited.

Protecting Michigan’s ecosystems is critical, and this proposal is an important step forward.
Thank you for your consideration.

Sincerely

Laurie Johnson
Gladstone, Mi



Lake, Angie (MDARD)

From: Susan Garrett <grenzehund@gmail.com>
Sent: Wednesday, November 5, 2025 9:29 AM

To: MDA-Ag-Commission

Subject: additions to Prohibited and Restricted Plant list

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello,

| am writing in full support of MDARD adding Common Buckthorn, Glossy Buckthorn, Callery Pear,
Japanese Barberry, Water Hyacinth, and Water Lettuce to the Prohibited and Restricted Lists. These
plants have proven highly invasive and detrimental to cur beautiful habitats here in Michigan. So many
native species - some “pushed aside” by these invasives - are available to gardeners and horticulture
businesses that there is no reason to allow the continued marketing of these aforementioned plants.

Thank you,
Susan Garrett
Stockbridge, Ml



Lake, Angie (MDARD)

From: Julia Miller <jkm239@cornell.edu>

Sent: Wednesday, November 5, 2025 9:32 AM

To: MDA-Ag-Commission

Subject: Fwd: Support for Adding Six Invasive Plants to Michigan's Prohibited and Restricted
Species List

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Good morning,

I’m writing in strong support of the Michigan Department of Rural & Agricultural Development’s
discussions to add Common Buckthorn, Glossy Buckthorn, Callery Pear, Japanese Barberry, Water
Hyacinth, and Water Lettuce to the Michigan's Prohibited and Restricted Species List. These are non-
native invasive plants that already or have the ability to harm Michigan's ecosystem.

This action is urgently needed for three key reasons:

1. Protecting Native Ecosystems: These species aggressively outcompete native plants, disrupting
Michigan’s natural habitats. Their spread threatens biodiversity and undermines decades of
conservation work.

2. Reducing Long-Term Management Costs: Once established, these invasives require costly and
repeated removal efforts. Proactive regulation will save municipalities, landowners, and conservation
groups significant resources over time.

3. Safeguarding Wildlife and Waterways: Plants like Water Hyacinth and Water Lettuce choke aquatic
systems, degrading water quality and harming fish, amphibians, and birds. Others, like Japanese
Barberry, create dense thickets that alter soil chemistry and increase tick populations.

Michigan’s landscapes are worth protecting. | urge you to put these species on Michigan's Prohibited and
Restricted Species List

Sincerely,
Julia Miller
Great Lakes Chapter, Michigan Botanical Society

Julia Miller, PhD
ikm239@cornell.edu
She/Her/Hers




Lake, Angie (MDARD)

From: john zettner <jtzettner@gmail.com>
Sent: Wednesday, November 5, 2025 12:45 PM
To: MDA-Ag-Commission

Subject: Regulated species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

I am strongly in supporting of regulating the 6 non-natives.

The argument that “sterile” plants would do no damage is belied by the very fact and example of
CalleryPear, which was supposed to sterile.

Allit takes is one “sterile” non native to become fruitful and the damage multiplies.

The nursery industry can survive with these regulations and will find the growing consumer demand for
Michigan native species a profitable option.

Thank you,

John Zettner

437 Saint Clair
Grosse Pointe, Ml
48230



Lake, Anﬂie (MDARD)

From: Marisa Napolitano <marisanapolitano@yahoo.com>

Sent: Wednesday, November 5, 2025 1:10 PM

To: MDA-Ag-Commission

Subject: Support for Full Ban on Invasive Japanese Barberry and Callery Pear

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Members of the Michigan Agricultural Commission,

| strongly urge your support for the proposal to ban the sale and distribution of both Japanese
barberry (Berberis thunbergii) and Callery pear {Pyrus calleryana) in Michigan due to their well-
documented harmful impacts on native ecosystems.

Japanese barberry has been found on 7.1% of monitored forested plots across the Midwest and
Northeast, forming dense thickets that alter soils and outcompete native plants. It also significantly
reduces arthropod diversity, disrupting the food webs essential to native wildlife.

Callery pear exhibits invasive traits that allow it to spread aggressively, reproduce even from “sterile”
cultivars, and displace native vegetation. In Michigan, this species continues to spread beyond
cultivation despite earlier assumptions of safety, and numerous native tree alternatives exist that fulfill
the same landscape roles without ecological risk.

Michigan's own invasive species strategy identifies invasive plants as one of the greatest threats to
the state’s biodiversity and ecological resilience.

Given these facts, the argument that “only straight species are problematic” or that “sterile or low-
fertility cultivars are safe” is not supported by evidence. Even so-called sterile cultivars can revert,
cross-pollinate, or adapt—Ileading to the same ecological consequences. Dense barberry stands also
create microclimates that increase tick habitat, posing additional public health risks.

While | understand the concerns expressed by some nursery owners and the Michigan Nursery &
Landscape Association about financial impacts, a partial restriction would not sufficiently protect
Michigan’s ecosystems or align with scientific evidence.

| urge the Commission to adopt a full ban on the sale and distribution of both species, including
all cultivars. This will align Michigan with best practices nationwide, protect native plant
communities, and reduce long-term ecological and economic costs of invasive species management.
Thank you for your time and consideration.

Sincerely,

Marisa Prevatt
Canton, Michigan




- 2846 3 Mile Rd N
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ematil: info@gtric.org
GTRLC.ORG
November 4, 2025

Michigan Department of Agriculture and Rural Development
Deborah A. Stabenow Building, 6th Floor

525 W. Allegan Street

P.O. Box 30017

Lansing, MI 48909

Dear Michigan Commission of Agriculture and Rural Development,

We offer this letter in support of the proposed regulation of common buckthorn, glossy buckthorn, callery pear,
Japanese barberry, water hyacinth, and water lettuce. These commonly sold and traded species are invasive in

" Michigan and cause considerable harm to native habitats, economies, and, in some cases, human health. Earlier
this year, MDARD Director Tim Boring noted “invasive species are responsible for an estimated $26 billion in
economic damage and control efforts each year in North America.” Efforts to reduce the economic and
environmental burden of invasive species should be pursued and strongly endorsed in a state whose image is built
on the perception of pristine natural features and abundant recreational opportunities.

The Grand Traverse Regional Land Conservancy (GTRLC) has a mission to protect natural, scenic, and farm
lands—and advance stewardship—now and for future generations. As a 501(c)3 non-profit, fully-accredited Land
Trust, we have protected more than 48,000 acres of land and 157 miles of shoreline along the region’s exceptional
rivers, lakes and streams. Our organization manages nature preserves, public parks, and several DNR properties
throughout our service area where invasive species are an ongoing resource concern. Considerable time, money,
and effort is spent removing invasive plants that originated from the nursery trade including several species in the
proposal before you.

Effective regulations should protect people and place from both the known and unintended consequences of our
actions. While this proposal may impact businesses by reducing the available products on offer, it does so while
increasing protection of the natural lands that all Michiganders value. GTRLC views this proposal as not only
vital to our service area, but an important step towards the successful management of invasive species in
Michigan.

We strongly support this proposal to regulate common buckthorn, glossy buckthorn, callery pear, Japanese
barberry, water hyacinth, and water lettuce and appreciate the Commission’s consideration of this important topic.

Sincerely,

i 5
ot St
Christopher Garrock

Director of Stewardship

Protecting significant natural, scenic, and farm lands - and advancing stewardship — now and for future generations.



Lake, Anaie (MDARD)

From: Connie Boris <cbhoris4@gmail.com>
Sent: Woednesday, November 5, 2025 441 PM
To: MDA-Ag-Commission

Subject: Proposal to Regulate 6 Invasive Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

| support MDARD's proposal to regulate common buckthorn, glossy buckthorn, callery pear, Japanese
barberry, water hyacinth, and water lettuce.

We have had problems with callery pear in our community and several residents got rid of them. In
addition, glossy buckthorn really proliferates and takes over and we lose our native species.

Please regulate these two and the remaining 4 invasive species.
Thank you!

Connie Boris, Ph.D.



Me!ers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Tuesday, November 4, 2025 1:27 PM
To: Meyers, Katrina (MDARD)

Subject: FW: Regulating Invasive Species
Categories: Green category, Blue category

From: Elizabeth Seagull <easeagull@gmail.com>

Sent: Tuesday, November 4, 2025 12:56 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Subject: Regulating Invasive Species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Commission Members:

I am writing in support of the proposal to regulate common buckthorn, glossy buckthorn, callery
pear, Japanese barberry, water hyacinth and water lettuce as invasive species in Michigan. Millions
of dollars in public funds and countless hours of volunteer labor are spent every year removing
these harmful species from public lands, as well as from private property. To continue allowing the
sale of harmful invasive species on the one hand, while spending public funds to remove them on
the other hand makes no sense. If the bathtub is overflowing we should turn off the tap, rather than
keep mopping up the floor.

In the future [ would like to see invasive Chinese, European and border privets and burning bush
added to this list, as well.

Thank you so much for considering this matter. I belong to the Michigan Audubon Society, Wild
Ones Red Cedar Chapter, the Wildflower Association of Michigan, and the Michigan Nature
Association, but am not officially speaking on behalf of those organizations.

Sincerely,

Elizabeth A. Seagull
1236 Jolly Road
Okemos, MI



Mezers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Saturday, November 8, 2025 8.54 PM

To: Meyers, Katrina (MDARD)

Subject: Fw: Wayne County Conservation District - additional comment on proposal to prohibit

six highly-invasive plant species

Follow Up Flag: Follow up
Flag Status: Completed
Categories: Yellow category

From: Evan Rosin <evan.rosin@gmail.com>

Sent: Friday, November 7, 2025 8:34:42 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>

Subject: Wayne County Conservation District - additional comment on proposal to prohibit six highly-invasive plant
species

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Respected Commission,

| serve on the Board of Directors of the Wayne County Conservation District and write to provide
additional comment on the current proposal to prohibit the sale and distribution of common buckthorn,
glossy buckthorn, callery pear, Japanese barberry, water hyacinth, and water lettuce.

| can personally attest to visiting dozens of woodlands and forests in Michigan that are totally inundated
with common buckthorn, glossy buckthorn and Japanese barberry. | have participated in removal efforts
of these species where volunteers and professionals exposed themselves to dangerous pesticides in an
attempt to restore some ecological functionality to Michigan's rapidly deteriorating forests.

Any ecological professional or amateur naturalist that engages in habitat restoration will tell you the
same thing — white-tailed deer will not browse these plants because they have no evolutionary history
with these plants; insect herbivores do not consume these plants because they cannot disarm the
chemical defenses of these plants because they have no co-evolutionary history with these plants.

In short, these plants have no natural enemies in North America, and as aresult, they rapidly
outcompete our native flora (the foundation upon which all terrestrial food webs rest) and establish
dense monocultures of ecologically valueless thicket.

These buckthorn and barberry thickets are eerily quiet because birds are not present. Birds are not
present because insects are not present.



During the public comment period | heard one recurrent argument from the nursery industry — "we only
sell sterile, or low-fertility, or seed-limited cultivars; and these cultivars are safe and harmless.” They
argued for a "balanced" approach that would only prohibit the straight species (the naturally occurring
genotype of the species without any human breeding), but would allow them to continue selling these
supposedly safe cultivars (bred to produce less seed, or no seed, or seed that will not germinate). This
argument rests upon a dangerous fallacy — the proven fallacy that "sterile" cultivars remain sterile.

There is no shortage of examples of allegedly sterile or low-fertility cultivars that ended up escaping
through cross-pollination or reversion or adaptation. Ironically, the callery pear (one of the species
proposed for prohibition) is the classic example of this danger. After the straight species had proven
itself to be a highly invasive scourge, the nursery industry scrambled to protect its business. The
"Bradford,” and "Cleveland” cultivars were then marketed as sterile varieties that could not self-
pollinate, and were therefore, harmless. This was a very costly error; for habitat stewards, local
governments, and for ecosystems in general. These supposedly incompatible cultivars quickly cross-
pollinated to produce viable and highly-invasive offspring that are now forming impenetrable and
ecologically useless monocultures throughout much of the country. Beginning of a New [nvasive Plant:
A History of the Ormamental Callery Pear in the United States | BioScience | Oxford Agcademic; The Rise
and Fall of the Ornamental Callery Pear Tree

But the callery pear is far from the only example of this. Japanese barberry {(another species on the

proposed list} has demonstrated precisely the same problem, demonstrated by study after study:
“Plant propagators have developed and released several less seedy cultivars of Japanese
barberry. However, cultivars may exhibit low-fruit production for the first few years of the
plant’s life (the typical duration of cultivar trials), but as the plants age, they become capable of
producing considerably more fruit and seed (Brand et al. 2012). Other research has found that
seeds produced from these cultivars do not retain this low seed production trait (Knight et al.
2011). Thus, the next generation of plants may be as capable of contributing to invasions as the
high seed producing varieties. Research suggests that long-lived species, such as Japanese
barberry, can contribute to invasive population growth over time even if they are low seed
producing cultivars (Knight et al. 2011)."
Japanese barberry - WIGL

Anyone claiming, in 2025, that these "sterile" cultivars are harmless is being influenced by some
financial interest that is not aligned with the interests of Michigan's citizens or its flora and fauna.

Finally, even if these species were not highly invasive and actively crowding out native plant species
in the increasingly fragmented and deteriorating woodlands that remain (they are), they are
ecologically valueless and their presence, even in home landscapes, makes very little sense. These
species of European and Asian plants are not capable of deing anything in the home landscape that
numerous species of native plants are not also capable of doing, while simultaneously supporting
ecosystem function.

Thank you for your consideration.
Sincerely,

Evan Rosin



Board of Directors - Wayne County Conservation District

Executive Director - Garden Party Collective

Habitat Stewardship Committee Chair - Wild Ones (Wayne County Chapter)
(248) 752-4090



From: MDA-Ag-Commission

Sent: Tuesday, November 4, 2025 4:13 PM
To: Meyers, Katrina (MDARD)

Subject: FW: Adding new species to restricted list
Follow Up Flag: Follow up

Flag Status: Completed

Categories: Green category, Blue category

From: Abbie Brooks <aeaster90@gmail.com>

Sent; Tuesday, November 4, 2025 4:12 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>
Subject: Adding new species to restricted list

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Hello,

| am a resident of Michigan writing to voice my support for adding 6 new species (common buckthorn,
glossy buckthorn, callery pear, Japanese barberry, water hyacinth and water lettuce) to the Prohibited
and Restricted List.

| have personally witnessed many of these available for sale in garden centers. Many other states have
already added these species to their restricted lists and offered bounties for their removal. These species
are harmful to Michigan's precious native ecosystems and we need to do what we can to minimize their
spread.

Thank you,

Abbie Brooks



_Mexers, Katrina (MDARD)

From: MDA-Ag-Commission

Sent: Monday, November 10, 2025 4:59 PM

To: Meyers, Katrina (MDARD)

Subject: FW: Comments. Proposing six new species in NREPA Part 413,
Attachments: Letter to MDARD Council TWb 25.pdf

Categories: Yellow category, Green category, Blue category

From: Tim Wood <Tim@SpringMeadowNursery.com>

Sent: Monday, November 10, 2025 2:40 PM

To: MDA-Ag-Commission <MDA-Ag-Commission@michigan.gov>

Cc: lott, Susannah (MDARD) <lottS@michigan.gov>; Boring, Tim (MDARD) <BoringT1@michigan.gov>; Chae, Andy
(MDARD-BoardMember) <ChaeA@michigan.gov>; Wu, Felicia (MDARD-BoardMember) <WuF@michigan.gov>; Williams,
David (MDARD-BoardMember) <WilliamsD106 @michigan.gov>

Subject: Comments. Proposing six new species in NREPA Part 413.

CAUTION: This is an External email. Please send suspicious emails to abuse@michigan.gov

Dear Kathy Garthe and the MDARD Council Members,

It was a pleasure meeting all of you last week at the MDARD Council Meeting. You have mentioned that we
would have 30 days to comment on this so please see the attached letter / comments for the proposed
additions to the NREPA Part 413 list.

[ want you to know that Michigan Nursery Community cares about the environment and we certainly do not
want to be responsible for the next autumn olive or kudzu. We are also advocates for Michigan agriculture,
family businesses, and gardening. The attached comments and proposals are reasonable requests, that other
states have accepted exemptions and are backed by science.

Please do not put Michigan agriculture at a disadvantage to other states. Let’s agree that invasive species
should be curtailed, and not to ban non-invasive cultivars.

Sincerely,

S Ramed)

Proven Winners® ColorChoice®
Spring Meadow Strategic Partnerships
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To: Kathy Garthe and the MDARD Council Members
From: Timothy D. Wood, Horticulturist (BA. MS. MSU)
Date: Nov. 10, 2025

Re: Comments Proposed additions to the NREPA, Restricted and Prohibited lists
Dear Ms. Garthe and fellow Council Members,

Michigan tree and shrub growers love plants and nature, that is what drew us to our
vocation. We care about the environment and we certainly do not want to be
responsible for the next autumn olive or kudzu.

We are also advocates for Michigan agriculture, family businesses, and gardening.
Unfortunately, we see and hear ecologists disparaging farming, gardening and perfectly
safe non-native plants. The majority of Michiganders live in urban environments with
landscapes and gardens and they deserve access to the best plants regardless of
origin, so long as they are non-invasive.

| am alarmed that the State of Michigan is considering banning the sale and shipment of
plants and selected cultivars that are not invasive. Imagine being a Michigan apple
grower or soybean farmer and having your crop banned because they were non-native,
or that some undomesticated wild types were found in a park or along the roadside.
That is what is happening to Michigan tree and shrub farmers.

Starting with two species on the proposed list that cannot survive the mildest Michigan
Winters; Pontederia crassipes (common water hyacinth) and Pistia stratiotes (water
lettuce). Hardy to USDA Hardiness Zone: 9a and 8 respectively they will die every
winter preventing them from causing a problem.

| can understand why Berberis thunbergii and Frangula rhamnus (glossy buckthorn) are
on your list, and agree that the straight species should be contained, however, there is

no good reason for banning cultivars that are non-invasive - 98% reduction in fecundity
{Contreras et. al, 2025, Journal of Environ. Hort.).

“There are methods are available that can help to prevent their [invasive species] further
introduction. In addition to the more careful screening and selection of plants for sale (avoiding
species and cultivars with known invasive properties}, conventional and new biotechnologies can
be employed to develop new, non-invasive cultivars. [...} by doing so, many of these
economically important plants can be grown and used to enhance our environment while
minimizing their potential for invasiveness. (Ranney, Thomas.” Population Control: Developing

12601 120" Avenue, Grand Haven, M1 49417 « 800-633-8859 + springmeadownursery.com
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Non-invasive Nursery Crops”, Combined Proceedings International Plant Propagators’
Society, Volume 54, 2004)

There are 9 low fecundity cultivars of Barberry and 4 low fecundity cultivars of Smooth
Buckthorn that are non-invasive. Any that have been scientifically proven to have low
fecundity, and should be exempted.
EXEMPTION REQUEST: | request that the following Berberis (Barberry) cultivars
receive an exemption because they are proven to have 98% or greater reduction of
fecundity. This is not an unreasonable request because low fecundity Berberis are
already exempt in New York, New Jersey, Pennsylvania, Minnesota and Wisconsin.
Sunjoy Gold Baret® ‘Talago’
Sunjoy Gold Pillar® ‘Maria’
Sunjoy Toto® ‘NCBX1’,
Sunjoy Mini Maroon ‘NCBT1’
Sunjoy® ‘NCBS2’
WorryFree Crimson Cutie® UCONNBTCP4N'
WorryFree Mr. Green Genes® 'UCONNBTB039’
WorryFree Lemon Glow® 'UCONNBTB048'
WorryFree Lemon Cutie® 'UCONNBTB113'

Fecundity of Japanese Barberry (Berberis thunbergii) Cultivars and the Ability to invade

a Deciduous Woodland (Brand et al, Dec 2012, Invasive Plant Science and
Management)

Four Sterile or Near-sterile Cultivars of Japanese Barberry in Three Foliage Colors.
(Brand and Duroch, HORTSCIENCE 57(4):581-587. 2022)

Development and Evaluation of Landscape Plant Cultivars with Reduced Fertility to

Minimize Potential Invasiveness (Contreras et. al, September 2025, Journal of
Environmental Horticulture 43(3).152-166

12601 120" Avenue, Grand Haven, MI[ 49417 - 800-633-8859 -« springmeadownursery.com
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EXEMPTION REQUEST: | request an exemption the following Rhamnus frangula /
Frangula rhamnus (Glossy Buckthorn) cultivars with 98% or greater reduction of
germination. This is not an unreasonable request to exempt low fecundity cultivars of
Rhamnus frangula because Wisconsin, Pennsylvania, and Vermont have already done
S0.

Fine Line® ‘Ron Williams’
Advance Line 1 (‘SMNRFBT’)
Advanced Line 2 (‘'SMNRFFBT2),
‘Asplenifolia’

Evaluating the Fecundity of Rhamnus frangula (Glossy Buckthorn) Cultivars through Seed Yield,
Seed Size, and Germination (Edgett and Brand, Horttechnology August 2025 35(4).

{Starrett UMV - correspondence 2005) “Based on these results, the potential for R. frangula
‘Asplenifolia’ to become a noxious invasive weed is very unlikely. [based on the seed
germination characteristics of R. frangula ‘Ron Williams’, the sporadic and protracted time
necessary for germination, suggest that this cultivar alsc has little chance of becoming an
invasive threat in a managed landscape.”

Determining the Invasive Potential of Rhamnus frangula ‘Asplenifolia’ and ‘Columnaris’ Based on
Seed Germination. (Wheeler, Mark C. Starrett, IPPS Proceedings Issue 51. PP: 397)

As for Pyrus x calleryana | believe that any forthcoming cultivars developed with 98%
reduction in female fertility relative to a standard fertile cultivar should be granted an
exemption. If new cultivars are developed that meet this requirement they should be
exempt.

Fertility and Reproductive Pathways of Triploid Flowering Pears (Pyrus sp.} (Phillips et al, 2016
HORTSCIENCE 51(8):968-971. 2016.

“Although absolute sterility is difficult to achieve and/or document (i.e., difficuity in proving a negative), a
common approach has been to set a limit for an acceptable level offer fertility. For example, the Oregon
Department of Agricuiture (ODA) (2011} consider Rs cultivars of Buddleia that produce less than 2%
viable seeds (i.e., 98% reduction in female fertility relative to a standard fertile cultivar) to be sufficiently
infertile for placement on an ODA-approved list for propagation, transportation, and sale in Oregon. ©

12601 120" Avenue, Grand Haven, M1 49417 - 800-633-8859 - springmeadownursery.com
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As for Rhamnus cathatica (Common buckthorn) there are no non-invasive cultivars and
it has no economic value, we feet that it should be on the list.

In addition, there are several strawman arguments that people will make in order to ban
non-invasive cultivars and | would like to address each of them.

1. Exemptions would require 100% sterility.

This is false. Seed production and seed germination have been the primary criteria in

evaluating exotic species invasive potential (Trueblood et al., 2010 HortScience 2010) (Wilson
and Mecca, 2003 HortScience May 2020).

The Oregon Department of Agriculture (CDA) (2011) consider Rs cultivars of Buddleia
that produce less than 2% viable seeds (i.e., 98% reduction in female fertility relative to
a standard fertile cultivar) to be sufficiently infertile for placement on an ODA-approved
list for propagation, transportation, and sale in Oregon.

2. Plants must also be male sterile or they will cause or exacerbate an
invasiveness.

This is false. Berberis and Rhamnus have perfect, self-compatible flowers. If there are
escaped plants in an ecosystem, there is adequate pollen in close proximity and
additional pollen does not exacerbate the problem. The growth of the population will
continue even if there were no female sterile / male fertile clones are in the area.

It is seed and seed germination rates that influence invasiveness, not the pollen count. | have never seen
scientific paper, or a scientist assert pollen count is related to invasiveness. “Seed production and seed
germination [fecundity] have been the primary criteria in evaluating exotic species invasive potential.”
(Trueblood et al., 2010 HortScience 2010) (Wilson and Mecca, 2003 HortScience May 2020).

3. It is too hard to identify and regulate the non-invasive cultivars.

False. The Rhamnus frangula and Berberis thunbergii listed above are patented, in a
regulated brand with licensed growers that require a branded pot and a branded tag and
are sold under a registered trademark making it easy for people to identify the listed
plants.

4. Exotic plants do not support native pollinators, wildlife or ecosystems.

12601 120" Avenue, Grand Haven, M149417 + 800-633-8859 « springmeadownursery.com
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This is completely false. “The best strategy for gardeners wanting to support pollinating
insects in gardens is to plant a mix of flowering plants from different countries and
regions” gardens as habitats for pollinators.”

Enhancing gardens as habitats for flower-visiting aerial insects (pollinators): should we plant native or
exotic species? (Salishury et al, Journal of Applied Ecology Vol 52, Issue 5, Oct. 2015)

Michigan growers are making reasonable requests, that other states have accepted
exemptions that are backed by science. While some may say it is just a few species, we
all know that more non-native plants will be added, and if so more non-invasive plants
wili be banned. Where will it stop? Is it about curtailing invasives or non-natives?

Please do not put Michigan agriculture at a disadvantage to other states. The majority of
states have not banned either of these species, because invasiveness is a regional
issue. Many of the states that have banned these species allows exemptions for low
fecundity cultivars. Michigan grower will no longer be able to sell these plants, but our
competitors in other states will, taking other business as well.

Let's agree that invasive species should be curtailed, but not to ban non-invasive
cultivars.

Sincerely,

B Rl

Timothy D. Wood
Horticulturist BA. MS. MSU
Proven Winners /

Spring Meadow Nursery

12601 120™ Avenue, Grand Haven, M1 49417 + 800-633-8859 + springmeadownursery.com



“Based on these results, the potential for R. frangula ‘Asplenifolia’ to become a noxious invasive weed is
very uniikely. {based on the seed germination characteristics of R. frangula ‘Ron Williams’, the sporadic
and protracted time necessary for germination, suggest that this cultivar also has little chance of
becoming an invasive threat in a managed landscape. Starrett UMV (2025)

“Fine Line Rhamnus displayed over a 99% reduction in fertility and only 0.05% seed germination
compared to the control. {Egett & Brand, 2025,)

On the Science | formally request an exemption for Fine Line Frangula rhamnus ‘Ron Williams’
Now lets talk about Berberls thunbergii or Barberry

Pennsylvania exempted of low fertility Barberry cultivars.

Minnesota has exempted low-fertility Barberry cultivars.

Wisconsin has exempted low fertility Barberry cultivars

New York has exempted low fertility Barberry Cultivars

Three cultivars, ‘NCBX1’, ‘NCBT1', and ‘NCBX2’, had less than 2% relative fertility of ‘Tara which was
71%’, the fertile control, over both years, and would therefore be considered sufficiently infertile to
meet our criterion as a seedless cultivar.

(Contreras et. Al. 2025)

The new cultivars UCONNBTCP4N, UCONNBTB039, UCONNBTB048, and UCONNBTB113 are compact;
come in red, green, and yellow foliage forms, are essentially seedless, are not invasive, and can be safely
used for landscaping purposes.

(Brand and Durocher, 2025)

Based on the science | formally request exemptions for Berberis

‘NCBXY’, ‘NCBT1’, and ‘NCBX2' as well as UCONNBTCPAN, UCONNBTB039, UCONNBTBO4S, and
UCONNBTB113

Michigan an international market leader in horticulture. Three major nurseries Michigan Companies:

Four Star in Clinton Township, Waiter Gardens in Zeeland and Spring Meadow in Grand Haven. Breed
and source for the #1 plant Brand Proven Winners.

We are leading the way in developing safe, non-invasive cultivars for the entire green industry.

We sincerely ask for your support!
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Have you ever seen or heard of seedless watermelons, seedless oranges or seedless Bananas?

Plant breeder have to over 5 techniques to make seedless — low fertility cultivivars and that work for
ornamentals just as it works on fruit.

We now have over 50 cultivars / varieties of ornamental plants that were either bred or selected for
seedlessness aka Reduced Fertility.

Spring Meadow Nursery {Proven Winners) the nursery | work for - has invested heavily into developing
noninvasive cultivars. We now offer 22 non-invasive InCheck cuitivars with greatly reduced fertility to
steer our customers — across the US and Canada to move away from invasive species.

Now on to Bucktorn and Barberry

There are currently...
19 seedless Barberry and 2 Seedless Buckthorn,

Yet, | have not seen, read of, or heard any mechanism in that allows for exempting seedless cultivars /
varieties in Michigan.

Seed production and seed germination have been the primary criteria in evaluating exotic species
invasive potential {Trueblood et al., 2010; Wilson and Mecca, 2003).

Thus - Exempting seedless cultivars is not a new concept

Oregon, New York State, Pennsylvania, Minnesota, Wisconsin, Delaware, Maryland, Wisconsin, Maine,
and Vermont all have made exemptions for low fertility cultivars.

These states clearly value agriculture, horticulture and science. They value to jobs created in the green
industry in their states,

It is my hope that Michigan does as well.

Frangula rhamnus or Smooth Buckthorn. Particularly the cultivar Ron Willems aka Fine Line®
Cennecticut has exempted Frangula rhamnus ‘Ren Willims’ aka Fine

Pennsylvania has Fine Line®

Wisconsin has exempted Fine Line®

Vermont Cultivars bas exempted Fine Line.

This is because multiple scientific studies have shown Fine Line to a have significantly reduced seed
production and that seedling survival.

Com,



Development and Evaluation of Landscape Plant
Cultivars with Reduced Fertility to Minimize
Potential Invasiveness’

Ryan N. Contreras’™, Thomas G. Ranney®, Sandra B. Wilson®, John Lambrines?, Nathan P. Lynch®,
Acer VanWallendael®, Richard T. Olsen®, Mark Brand’, Neil O. Anderson®, and John M. Ruter®

vars with documented low reproductive fenility.

Abstract

While only a small portion of introduced spectes naturalize, and even fewer become invasive, those that do may alter ecosystems

and disrupt natural plant communities. Recognizing that many non-native landscape plants are valuable commoditics thai provide

important ecosysiem services, enhance property values, and improve our quality of life. there is strong justification for developing

culuvars with low reproductive fertility to prevent further distnbution. This report reviews approaches for developing and

evaluating low-fertility landscape cultivars to minimize self-sowing, weediness, range expansion, and potential invasiveness with

recommended approaches, guidelines, and policy. Specific conclusions and recommendations include:

L. Selecting and developing cultivars with reduced fertility 1s a viable approach for mainiaining cconomic, cnvironmental, and aes-
thetic benefits of important landscape crops while minimizing potcniial invasiveness.

2. A > 98% reduction in fertility, compared 10 fertile controls. is an achievable and practical criterion for accepling low-fertility
cultivars as allematives to potentially mvasive, sexually reproducing plants.

3. Regulations of potcntially invasive plants should include exclusions and provisions to allow for the continued production of culti-

Index words: assessmen. fecundity. noninvasiveness, plant breeding, repraductive biology. weediness.

Significance to the Horticulture Industry

Plant breeders continue to work on developing low fer-
tility, seedless, non-invasive cultivars of selected 1axa to
minimize self-sowing and establishment of potentially
weedy but valuable cultivars. Other benefits of these
approaches can include enhanced flowering and re-bloom-
ing, reduced fruit litter, and reduced pollen allergens.
However, specific questions often arise in this process,
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including: 1) what approaches can be used to develop low
fertility cultivars, 2) how is reproductive fertility best eval-
uated for stability of expression over years and locations,
3) what levei(s) of infertility are sufficient, and 4) how
should policy and regulation accommodate these cultivars?
This report reviews approaches for developing and evalu-
ating low-fenility landscape cultivars 10 minimize self-
sowing, weediness, range expansion, and polential inva-
siveness with rccommended approaches, guidelines, and
policy.

Introduction

Humans have been selecting, cultivating, and distribut-
ing plants worldwide for over 12,000 years, beginning
with the Neolithic period and the dawn of civilization
(Edwards 2020). The ongoing domestication of piants has
transformed our crops, food supply, gardens. and land-
scapes, while improving our quatity of life in many posi-
five and profound ways. While most introduced plants
have not been problematic, only a small portion of non-
native species have naluralized (intemationally about 4%
of ihe global ftora (van Kleunen et al. 2018]) and even
fewer have become invasive 10 the poim of causing eco-
nomic or environmental harm (Coombs et al. 2020, Sim-
berloft 2009, Williamson and Fitter 1996a). The presence
and naturalization of 4 non-native species does not neces-
sarily demonstrate harm, and in some cases introduced
plants can provide positive ccosystem services (¢.g.. cro-
sion control, reduced stormwater runoff. pollinator ser-
vices. wildlife food, habitat, and cover, etc.) and enhanced
biodiversily (species richness), particularly in urban and
disturbed environments (Lefebvre et al. 2024, Sax el al.
2022. Schlacpfer et al. 2011, Sladonja, ct al. 2018).
In other cases, however, non-native species may have

1. Environ. Hort. 43(3):152-166. Sepiember 2025
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negative impacts on ecosyslem processes, native commu-
nity composition, and ecology (Mack et al. 2000, Liu et al.
2025). Beyond environmental impacts, invasive plants can
cause economic harm, incleding agricultural losses and
costs 1o manage invasive populations and remedy damage
(Fantle-Lepczyk et al. 2022, Pimentel et al. 2005). Like-
wise, native species can spread to the point that they cause
harm similar to non-natives and are sometimes referred to
as invasive (Anderson et al. 2021), though use of this term
is ofien reserved for non-native planis.

Rcactive approaches to eradicating invasive specics,
such as chemical, mechanical, and biological control, are
lime consuming, destructive, and cosily. Aliematively,
preventative methods that help ensure new introductions
are not at risk of becoming invasive are more efficient. In
addition to more carcful screening and selection of plants
for sale {avoiding species and cultivars with known inva-
sive properties), conventional and new biotechnologies can
be employed to select and develop infertile cultivars
{Drew et al. 2010, Ranney 2004, Ranney et al. 2010, Vin-
ing ct al. 2012). In situations where economically impor-
tant non-native plants are problematic, development of low
fertility or sterile (scedless) cultivars can be an ideal alter-
native. This solution-driven approach allows for the bene-
fits of these planis to be appreciated while minimizing
potential negative impacts. Plamt breeders continue 1o
work on developing tow fertility, seedless, non-invasive
cultivars of selected laxa to minimize self-sowing and
establishment of potentially weedy but valuable cultivars.
Other benefits of these approaches can include enhanced
flowering and re-btooming, reduced fruit litter, and reduced
pollen allergens. However, specific questions often arise in
this process, including: 1) what approaches can be used 1o
develop low fertility culiivars, 2) how is reproductive fentility
best evaluated for stability of expression over years and loca-
tions, 3) what level(s) of infertility are sufficient, and 4) how
should policy and regulation accommodate these cultivars?

Approaches for Developing Low Fertility
Landscape Cultivars

A. Naturally occtirring, non-flowering, infernile, or fruii-
lessiseedless plants. Infertile or sterile plants can periodi-
cally arise naturzily, though the chaltenge is finding them
as well as assuring that the infertility is not due 10 repro-
ductive isolation or lack of pollen sources (Anderson and
Ascher 1993). Reproduction is a complicated process, and
different genetic combinations or random mutations can
sometimes result in reduced fertility or sterility. Many taxa
have been identified that typically either do not flower or
fail 10 produce fruifseeds, though not all have been for-
mally evaluated (Table 1). In some cases. individual
branches on these mostly infertile plants may sometimes
produce some (ru, so stability needs 10 be evaluated and
in most cases the mechanism(s) for infertility in these
plants is not known. In dioecious species, the simple selec-
tion ol males can prevent seed production (e.g., Cortaderia
sefloana Asch. & Graebn., Ginkeo biloba L., and Pistuciu
chtnensis Bunge).

J. Environ. Hon. 43(3):152-166. September 2025

B. Flower architecture. Selection and development of
plants with extra (supcrnumecrary, petalody) peials, often
referred to as “double” flowers, can result in reduced fertil-
ity. Regulatory and homeotic genes that result in additional
petals often reduce the development of stamens, pistils,
carpels, and ultimately reduce fertility (Pu and Xu 2022).
Examples of this phenomena are evident in many horticul-
tural crops across diverse taxonomic groups (Table 1).

C. Wide hybridization. Hybridization between distantly
related 1axa (e.g., interspecific, intergeneric) can result in
desirable plants with a combination of valuable traits. In
many cases, these wide hybrids have reduced fertility thas
can result from dissimilarities of the parental chromo-
somes, resulting in meiotic failure due to incongruity
{Anderson et al. 1996). Examples of infertility within wide
hybrids are found among a diverse taxa of woody land-
scape plants {Table ). In rare events, some of these
hybrids (¢.g., Cornus Xrurgersensis Mattera, T. Molnar &
Struwe) have produced infrequent. but viable seeds (Ran-
ney, unpublished data, Mills River, NC). Genetic distance
between parents is a critical factor in determining not only
the companbility of parents but also the likelihood or
degree of hybnd sterility/fertility reduction in resulting
progeny (Kuligowska et al., 2016).

D. AnisoploidsiPolyploids. The selection and develop-
ment of planits with an odd number of complete sets of
chromosomes (anisoploids) generally results in greatly
reduced fertility {Wang et al. 2016). Ploidy manipulation
1o reduce [ertility (iriploidy) is a proven technology that is
cost-effective, has good public acceptance, and can be
done simultaneously to develop seedless cultivars while
improving pest resistance, adaptability, and overall com-
mercial potential. This is a longstanding and common tech-
nique that resulted in seedless food crops such as Musa
L. (Simmonds 1960), Citrullus Forssk. (Kihara 1951), and
some cultivars of Vits L. (Ji et al. 2013). However, aniso-
ploids are not always completely infertile, require testing
before introduction, and some taxa may, on occasion, pro-
duce viable offspring. This may occur through chromosome
climination, apomixis, and unreduced andfor fumctional
aneuploid gametes (Asker and Jerling 2017, Czamecki [T
and Deng 2020, Yao ¢l al. 2024, Phillips et al. 2016, Ranney
e1 al. 2004). [n some cases, the development of induced auto-
polyploids with an even number of complele chromosome
sets (euploid} can also compromise fertility, such as in Ber-
heris thunbergii DC. autotetraploids (Brand and Durocher
2022). Hibiscus syriaeus L. *DVPazomi’, which is a hexa-
ploid compared to the standard tetraploid cytotype (Lattier
and Contreras 2022), and the tetraploid cultivars Ruellia sim-
plex C, Wright ‘Mayan Purple' and "Mayan White™ (Freyre
et al. 2012b). Some breeding has used a combination of wide
hybridization and interploidy crosses to yield hybrid aniso-
ploids (Table 1). Like infraspecific anisoploids, these hybrids
with uncven ploidy also can exhibit a range of fertility, thus
require testing to confirm necessary reduction in female
lertility.

E. Mutagenesis. Use of chemical (colchicine, trifluralin,
EMS or ethy! methanesulfonate) or physical mutagens
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Table L. Examples of plants bred, selected, or Jdentificd for reduced fertility, the method (mode of reduced fertility) used, and citations.

Taxon Mode of reduced fertility Citation
Acer platanordes L. Trnplowd Contrerus und Hoskins 2020
Acer tataricem L, Triploid Contreras and Hoskins 2020
Aesculus hippocastanum L. *Bowmanii® Dauble Rowers Dirmr 2009
Berberis Xmentorensis Wide hybridization Brand ¢t 8} 2012
Berbenis ‘NCBX[" Wide hybndization Ranney 2018
Berberis Xottawensis ‘Crinuzam”, *Silver Mile’ Wide hybndization Brand <t at. 2012
Berheris thunbergii "UCONNBTB039’, "UCONNBTB04S", Polyplowdy Brand and Durocher 2022
UCONNBTB1 13", "UCONNBTCP4N"
Berbens thunbergii *Aurea’. *Bagatelle', *Geniry Culiivar’, Naturaliy occurting” Brand et al. 2012
*Glolden Devine', *Inermis’, 'J.N. Variegated', "Lime Glow'.
‘Maria’. *Mowlers’, "Red Chiel", *Talago’
Berberis thunbergii “NCBT1" Mutation Ranney 20 19a
Bougainvitlea Spuch *Mry. McClean”, "President Roasevelt’, *Shubhra Wide hybndization Zudoo e1 al. 1975
Buduleja *Blue Chip'. *Blue Chip Ir.", *Pink Micra Chip’ Wide hybndizanson Renfro et of. 2007, Sull and Contreras 2024,

Buddiepa * Asian Moon'

Cumeliia L. *Fragram Pink'

Cumellia japonica Wall. ‘ChiDan’, ‘Jinpanhzin’

Campsis Lour. *Chastity”

Catalpa bignoniodes Walter ‘Nana*

Cataipa X erubesvens Carrigre *Victoria'

Chaenuimeles Lind). *Scarlet Stomy”, "Orange Siom’, 'Pink Storm’, and
‘NCCS4°

X Chrtalpa tashkentensis T.S. Elias & Wisura

Comus Xelwinortonii Matiera, T. Molnur & Struwe

Cornits afficinalis Siebold & Zuce. *Spring Glow'

Cornits X rutgersensis

Curaus sanguinea Walter *Compressa’

X Gordliia grandiflora Ranney & Fantz

Hibiseus symiacus *Ardens’, 'Blushing Bnde'. *Collie Mullins'

Hibusvus syriuces “ORSTHIBSx 1" (54).

Hypericum undrosaemum *Matisse’, ‘Picasso’, *Pollock’

Lagersivoenmia L. ‘Princess’

Lantana camara " Athens Rose”

Lignstritm sinense *Sunshine’

Liguidamhar ttvraciflura L. *Rotunditoba’

XMahoberberis aquusurgenii H. Jensen

Miscanthus X gigantens I.M. Greet & Deuter ex Hodk. & Renvoize
H2015-004-096Y

Miscanthus sinensis H2008-091-0047

Miscanthus smensis ‘M7

Naudinu domestica *AKA’, *Chime . *Filamentosa”, "Firepower,
Firestorm’, *Greray”, “Lemon-Lime", *Moon Buy'. *SEIKA’

Orsuthagalum candicans (Baker) ).C. Manning & Goldblau [syn
Gualtnia candicents (Baker) Decne. }*

Prunus campanulara Maxim. *Abigail Adams’

Pritnas caroliniana (Mill.) Aiton

Prinns serrvdaia Lind). *Amanogawa’, *Kanzan', "Kiku-shadare-
zakura®, 'Pink Perlection”, "Royal Burgundy’

Pumtca granatim L. "Double Flower'

Pyris Xiriplendda Ranncy "NCPX2’

Rhodvdendron *Fragram Affinny’

Rusa L. *Mermand', *Punk Surprise’

Ruelliu simpley *Mayan Pink®. “Muyan Purple', ‘Mayan White ",
*Mayan Compact Purple’

X Schuniomu flonbunda Ranney & Faniz

Spiraca japoniva LT (syn. §. Xbumatda Burv ) "Crspa’, ‘Dart’s Red”,
*Neon Flash’

Trploid & wide hybridizalion
Wide hybndization

Double Nowers

Trnplosd

Naturalily occurrmg

Double Nowers

Double Mowers

Wide hybndization
Wide hybndization
Nalvrafly occurring
Wide hybndization
Naturally occurring
Wide hybridization
Double Mowers
Amisoploid
Triplowd

Wide hybndization

Triploid

Naturally occurring

Naturally occurring

Wide hybridization

Triploid & wide hybridizanon

Triploid
Mutation
Nuturafly occurring

Mutation

Double Mowers
Mutanon
Double Mowers

Double Nowers

Triploid & wide hybridization
Wide hybndization

Wide hybridization
Polyploidy

Wide hybridization
Naturally occurring™

Wemer and Snclling 2009, Werner 2016a.
2016b

Renfro et al. 2007

Ackerman and Dermen 1972

Lietal 2017

Qates et al. 2014

Dier 2009

Dirr 2000

Ranney 20 10a. 2010b. 2010c, Ranney 2019b

Olsen et al. 2006b

Matiera ct al 2015

Shearer and Ranney 2013

Mauera et al 2015

Dier 2009

Ranney and Fantz 2006

Larser and Contreras 2022

Contreras 2024

Olsen, e1 ai. 20064, Ranney 2010d,
Truehlood «t at 210

Pounders et al. 2007

Czamecki IT and Deng 2020

Rycyna el al. 2024

Burmns 1989

Wyman 1958

Touchell et at. 2024

Rounsaville et al. 2011
Hanna and Schwanz 2020
Wilson £1 al. 202)

Conireras and Shearer 2020

Dirr and Warren 2019
Ruter 2019
Dier and Warren 2019

Babu 2010

Phillips et ai. 2016, Ranncy 201%d

Conireras el al. 2007

Kermam et al. 2003

Freyre and Wilson 2014, Freyre ot al. 201 2a,
2012b, Freyre et al, 2006

Ranney 12l 2003

Wilson and Hoch 2009

Spiraea "NCSX2' Triploid* Ranney 2019¢
Vibuninm imacroc ephalion Fortune Double flowers Dirr 2009
Vibwraun opuius L Sterile” (syn. “Roseum’) Double flowers Dirr 2009

“Many of these cultivars may have resuhed from breeding: however. there is ao informauon on 3 method commonly used to reduce fenility such as

hybndization, ploidy manipulation, or mutagenesis.

" Accessions of Misrunthus in the Mountan Crop Improvemem® breedimg program.

*Several accessions of Orarthugulunt candicans (syn. Galienia candicans) in the Oregon State University Ornamental Plant Breeding peogrom that received
0.4°% EMS (eihylmethane sulfonate) treatment have yes (o se1 seeds. Contreras and Shearer (2020) provide means for \realments bu do not reference

specific accessions or any selecied culivars.

“All three appear to have ansen s branch spans from ‘Anthony Waterer” but ongins are uaclear (Dirr 2009).

“The female parem of *NCSX2' is an inlerspecific hybrid. however. the hasis for seedlessness in the cultivar appears 10 be s triploid chromosome

complement,
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(gamma irradiation) are longstanding methods to induce
variations that can be exploited for crop improvement
{Melsen et al. 2021). Mutation breeding, particutarly
gamma irradiation, has been used to develop seedless Cei-
rus L. (Cimen et al. 2021, Latado et al. 2006, Tang et al.
1995, Vardi et al. 2008) and Viris (Tetali et al., 2020).
Other studies have observed mutation treatments to reduce
or potentially eliminate fertility in Jandscape plants, while
also sometimes changing ornamental traits or performance

(Table 1).

F. Biotechnology approaches. New plaat biotechnology
offers tremendous potential for crop improvement, includ-
ing the maniputation of plant reproductive pathways (Li
et al. 2004, Vining et al. 2012). These approaches include
a varicty of stralegics to prevent flower, gamete, pollen,
and/or seed development. Gienetic transformation can pro-
duce genetic ablation whereby a floral promoter drives a
cytotoxic protein to disrupt Moral tissue development
(Brunner et al. 2007). Alienatively, gcne suppression can
prevent the development of reproductive structures or physi-
ological processes (e.g.. metosis). Gene editing 1o alter plant
reproduction can use zinc finger nucleascs (ZFN), iranscrip-
tion activator-like effector nuclease (TALEN) (Bogdanove
and Voytas 2011}, and more recently CRISPR {(clustercd
regularly interspaced short palindromic repeat) with associ-
ated nucleases (e.g.. CasY) systems (Cheng et al. 2023, Nagle
et al. 2023). Research is underway to use gene editing to cre-
ate infertile cultivars of Miscanthus Andersson and Tripi-
dinm H. Scholz (Ranney unpublished) and related gene drive
systems [genetic clements that promote spread throughout a
population at greater than standard frequency (Bier 2021)] to
develop a genetic biocontrol for Tanacetum vilgare L.
(Croghan et al. 2023). Alternatively, manipulation of DNA
methylation can result in Moral gene silencing (Liu and Li
2011). The potential of these approaches is very appealing in
that plant reproductive pathways can be suppressed with pre-
cision in elite, high-value cultivars without incurring other
changes that would occur through sexual reproductive cycles
or random mutagenesis. However, these approaches are tech-
nically complicated and require integrated research teams
with cxpertise in genomics, plant transformation, biotechnol-
ogy. and bicinformatics for application.

Evaluation of Plant Invasiveness and
Reproductive Fertility

The propensity for plants 1o disperse, self-sow, establish,
expand their range, and naturalize, sometimes to the point
of being invasive, is dependent on complex interactions
among biclogical, environmental, human, and ecological
factors (Rejmanek 2000. Richardson et al. 2000). Histori-
cally, botanists sought to define & set of traits that improve
the colonizing ability of a population. Baker (1965, 1974)
conceptualized this as the “ideal weed”. However. no sin-
gle gene has been found for invasivencss (Anderson et al.
2006, Galatowitsch ct al. 1999). While not all successful
colonizers have the “tdeal weed” traits, Baker's list has
remained useful for generations of weed scientists and
invasion biologists (Williamson und Fitter 1996b). In par-
ticular, {wo trails have risen to prominence as important

1. Environ. Hortt. 43(3):152-166. Seplember 2025

traits in invasive plants. First, the maxim known as Baker's
Law states that non-native plants will be more likely to
establish if they can self-propagate (either by asexual
reproduction or sclfing), since newly established propa-
gules will lack mates. Secondly, propagule pressure, ofien
defined as the total number of individuals introduced at a
given location (Williamson and Fitter 1996b), is a major
determinant of invasion success.

More recently, various approaches have been utilized to
A) study population dynamics and theoretically model
these processes, B) develop invasive species assessments
that cither preemptively predict which plants might become
weedy or invasive before their introduction and/or apply
more regional evaluations that attempt to gauge the extent of
established planis, potential to spread, and subsequent
impacts, or C) evaluate infraspecific cultivars of known inva-
sive species selected for low fenility 10 be exempted from the
invasive standing of their wild-type resident taxon. Herein,
we summarize some of these approaches to highlight how
fenility reduction can complement invasive risk assessments.

A. Study of population dynumics und modeling. Since
cach invasion is unique, determining commen biological
and anthropogenic factors that lead to invasion success
requires multifacior demographic models. Matrix population
models are frequently used to mode! population dynamics
and can be used to estimate population growth rate, A (Cas-
well 2001). Values of A indicate whether populations are
growing (>>1), static {= 1), or declining (<1} over tirc. The
most basic versions of these models oflen assume a constant
environment {deterministic) independent of plant density.
As such, these models are not generally suited for forecast-
ing but have utility as a comparative 100l for evaluating how
changes in specific life cycle parameters, like fertility/fecun-
dity, may impact population growth rate (Crone <t al. 2011).

More elaborate models, including classic diffusion,
stratified diffusion, gravily, stage-based integrodifference
cquation, simulation, percolation, and nctwork moedels,
generally broaden the scope of analysis to include compo-
nents that better account for successful establishment,
spread, and range expansion (Caplat et al. 2012, Hastings
ct al. 2005, Shigesada ct al. 1995, Simberlofi 2009). While
there are exceptions to every rle in invasion biology,
propagule pressure is widely appreciated 10 be a primary
determinant of the successful establishment and invasion
of non-native species in naturat areas (Colautti et al. 2006,
Lockwood ¢t al. 2009, Martincz-Ghersa and Ghersa 2006,
Py3ek et al. 2009, Simberloff 2009, Von Holle and Sim-
berlofl 2005). Jagodzinski et al. (2019) and Vanhellemont
et al. (2009) further found that low levels of propagule
pressure were sufficient to limit the invasiveness of Prumius
seroting Ehrh.. even in disturbed, invasible plots. Not sur-
prisingly, reducing this influx (or rain) of propagules
through reduced fenility/fecundity of cultivated plants
minimizes the potential for successful dispersal, establish-
meni, and invasion,

B, Invasive species ussessment sysiems. Invasive specics
assessment models assess the potential invasiveness of
plant specics andfor the associated environmental impacl
of introduced plants as they establish and spread. These
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systems generally utilize a series of weighted questions
related to weed risk and impacts to establish recommenda-
tions. Protacals typically have a scoring system that leads to
a particular recommendation for cach species ranging from
“not a problem”, “caution”, to “invasive and not recom-
mended for usc™. Some assessment systems are designed to
preemptively predict which plants might become weedy or
invasive before their introduction (Pheloung et al. 1999,
Conser et al. 2015). These predictive 100ls generally do not
account for regionality or variation in the environment. In
reality, most plant species with known human utility or
value have already been distributed globally, often over
decades or centurics. Hence, we are generally less con-
cemed about predicting the potential for invasiveness and
more concemed about identifying and evaluating exisling
problematic plants and limiting further introduction and
spread in a specific region. Furthermore, most of these
assessment systems were developed for species without con-
sidering the intentional seleclion or development of low fer-
tility cultivars.

Several invasive assessment systems have been devel-
oped with a broader scope that includes assessing ecological
impacts of established plants, distribution and abundance,
range expansion, management difficulty, economic value,
and/or specific consideration of low fertility cultivars
(Morsc et al. 2004, Trucblood 2009). Some systems have
been developed for specific states, including Arizona (AZ-
WIPWG 2005), California (Cal-IPC 2024), Florida (Lieur-
ance and Flory 2020), Michigan (Schutzki et al. 2008),
North Carolina (Trueblood 2009), and Ohio (Ohio Invasive
Plants Council 2620). Although these systems are useful to
broadly identify potentially problematic species, unless
they specifically address fertility and reproductive capacity
of individual genotypes, they have little relevance or utility
for evaluating the selection or development of low fentility
cultivars as valuable alternatives to weedy genotypes. For
example, Wilson and Deng (2023} reporied on seven taxa
of omamentals with low fertility altesnatives, yet the inva-
sive ranking of the resident form {or wild-type) of these
taxa are listed by the Florida Invasive Species Council
(FISQ), Florida Department of Agriculture and Consumer
Services (FDACS), and/for the University of Florida Insti-
tute of Food and Agricultural Sciences (UF IFAS) Status
Assessment without regard for cultivars and selections that
have low to no fruiting. Using species assessments alone
does not capture these low-fertility cultivars identified
using empirical ¢valuation. Datta et al. (2020) propose a
list of six practical questions that address specific traits of
cultivars being evaluated. These questions and the general
approach recommended are similar to recommendations of
Chetty et al. (2024) and align with the current situation in
which cultivars of a banned species are assumed invasive
until evaluated and proven otherwise.

C. Empirical evaluations of reproductive fernility of indi-
vidual cultivars. When intentionally selecting or develop-
ing low fertility landscape cultivars, empirically evaluating
specific clones® reproductive fertility is important. Some
cultivars may have traits that would suggest a reduction in
fertility, such as increased petaloid stamens, alieration in
ploidy level, or hybrid pedigrees. However, each of these
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has been found to result in varizble reductions in ferility.
Conversely, there are examples of species thal are regarded
as invasive based on species assessment systems, but spe-
cific cultivars have low (ertility based on empirical data
(such as Nandina domestica Thunb.; Wilson et al. 202i).
Various studies have evaluated the reproductive fertility
of specific cultivars. Czamecki and Deng (2020) evaluated
26 Lantana camara L. commercial varieties and six experi-
mental lines exhibiting high female fertility variability
among diploid. triploid, and teiraploid cytotypes. Gener-
ally, diploid and tetraploid plants were highly fertile, but
some diploid plants were female sterile. Most triploid
plants were female fertile due to the production of unreduced
female gametes (UFG), but the two that did not produce
UFG had the towest fertility in the study, while all (etraploids
were highly fenile. Triploid Campsis Xtugliabueana (Vis.)
Rehder 'Chastity’ produced only 0.008 seedlings per polli-
nated flower compared to 119 for C. radicans (L.) Seem.,
which is 2 99.993% reduction (Oates et al. 2014), Phillips
et al. (2016) evaluated the femate tertility of hybrid flower-
ing pears (Pyrus L.) and found that triploids ranged from
0% to 33.6% relative fertility compared 1o diploids. Inter-
estingly, all plants, including diploids and triploids, were
derived from hybrid pedigrees of varying complexities.
Triploid Miscanthus sinensis Andersson cytatypes ranged
from 0.7% to 49.2% fenility relative o the fertile diploid
cultivar M. sinensis ‘Zebrinus' (Rounsaville et al. 2011).
This work demonstrates yet another taxon in which trip-
toids show vanable fertility even with the rare production
of unreduced gametes. Culivars of Buddleja L. with
hybrid pedigrees and reportedly different ploidy levels
showed highly varied seedling production (Still and Con-
treras 2024). Hybridity alone is a poor predictor of reduced
fertility in butierfly bush, as hybrids were among the most
fertile in both years of the study (e.g., ‘Bosblink’}). Due (o
varying base genome sizes, it was difficult to ascertain
ploidy levels, so it remains unclear how pioidy level
impacts fertllity. However, breeding for reduced fertility in
Buddleja 1s feasible, as 12 of 34 cultivars exhibited >98%
reduction in fertility compured to the most fertile cultivar
in both years. Additionally. open-poilinated seedlings
derived from cultivars exhibited similar fertility 10 parents,
with low-fertility cultivars remaining low fertility in the
next generation (Still and Contreras 2024). Similar o Bud-
dleju, Brand et al. (2012) evaluated 46 Berberis L. taxa and
found that the interspecific hybrids 8. koreanu Palib. %
B. thunbergii ‘Bailsel’ and ‘Tara’ were extremely fertile. On
the other hand, B. Xotrawensis CK. Schneid. ex Rehder
*Silver Mile" and *Criruzam’ along with B. Xmentorensis
H. Schultz & Horvath ex L.M. Ames were infertile, thus
providing more another example of the need for empincal
study of specific cultivars (Brand et al. 2012). Their study
provided an initial evaluation at three years afler planting
and then evaluated a subset after an additional four or five
years. Ten cultivars with < 2% fenility after the first evatu-
ation comparcd to "Sparkle’ were evaluated in the cxiended
observations. Of these, there was evidence that *‘Bogozam’
and "Monry' increased slighily above the 2% threshold tor
fertility based on the obscrved fruit set and using prior data
from their study, emphasizing the benefit from completing
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multiple evaluations over time or space (Brand et al. 2012).
After 16 years of evaluation, the autoteteaploid cultivars
‘UCONNBTB039", '‘UCONNBTB048’, 'UCONNBTB1t3',
and ‘UCONNRBTCP4N" did not change in fenility (Brand
and Durocher 2022). This is important to note because the
basis for low fertility in culitvars such as ‘Bogozam’ or
*Concorde’ is unknown and may be tacdiness to flower at
their full potential due 10 a slow growth rate, whereas the
modem cultivars referenced and introduced by Brand and
Durocher (2022) were deveioped using ploidy manipula-
tion. Trueblocd et al. (2010) found that Hypericum andro-
saemum L. triploids had no measurable female fertility
compared 1o highly feniile diploids. A similar conclusion
was found for eight varicties of Lantana montevidensis
Brig., which exhibited variable seed numbers and germina-
tion percentages based on ploidy level (Wilson et al.
2020). Triploid varieties of L. montevidensis commonly
available in the US were not observed to fruit in landscape tni-
als. However, a minimal amount of fruiting was observed
when interplanted with a tetraploid variety collected from Aus-
tralia. Rycyna et al. (2024) observed that Ligustrum sinense
Lour, *Sunshine’ and Ligusirum L. "NCLX 1" privet cultivars
produced no fruit when grown in northern and southerm Flor-
ida compared to ‘Variegatum’, which produced nearly 3,000
fruits in northem Florida even though all cultivars are diploid.
The basis for scedlessness in "NCLX1" is hybridity, whereas
‘Sunshine’ generatly does not flower {though rare reversions
have been observed). Together, these studies emphasize the
need fo evaluate and document the fertility of individual culti-
vars to determine their actual reproductive capacity.

When a species has been banned in a state, cultivars
often arve treated as “guilty until proven innocent” where
aH entities {cultivars) of a species are banned without con-
sideration for those that may present little or no threat of
escape (Chetty et al. 2024). The burden then lies with the
breeder or olher interested party who is seeking exemption
to prove the reduced level of fertility using robust evalua-
tion methods such as we describe.

What Level of Fertility is Acceptable for
Seedless Cultivars?

Based on theoretical models, some authors have sug-
gested that highly infertile cultivars are not sufficient to be
considered noninvasive, and only female stenle cultivars
should be considered or allowed (Knight 1 al. 2011).
Although absolute sterility is a desirable goal, this recom-
mendation presents several problems. Although it is often
possible to develop cultivars with greatly reduced fertility,
the absolute lack of fenility can often be difficult to
achicve duc to the complexiiy of vanous reproductive
pathways and mechanisms and necessitating extensive tria
ling over years and locations (o ensure stenility expression
Also, it is challenging 1o prove “sterilily”. as it requires a
negative claim based on evidence of absence and proof of
non-existence, and the required burden of proof 15 subjec-
tive. Taking a more practical approach and knowing that
propagule pressure is one of the most relevant factors driv-
ing invasion potential, a reduction in fertility and propagule
pressure directly results in a reduction in self-sowing, weed-
iness, colonization, establishment, and range expansion.
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Various studics have attempted 10 mode] and estimatc
how reductions in fenility/fecundity might impact popula-
tion dynamics. Knight et al. (2011) used data from pub-
lished matrix population models to simulate how reducing
fecundity could reduce population growth rates in estab-
lished populations, Life history played an important role in
how much fertility reduction may be required to facilitate
population reduction. For most of the studied monocarpic
herbs and grasses, the simulations predicied a reduction in
fecundity of 30% 1o 95% would drive a population decline.
In contrast, perennial plants required 75% or higher reduc-
tions to reduce population growth rate significantly. Shea
and Kelly (1998) studied the biocontrol of Carduus mitans
Boiss. ex Nyman, which is a monocarpic species but pro-
duces sceds that survive in the seed bank for up to 13 years,
and found that in New Zealand, reducing viable seeds up
to 69% would result in a reduced population growth rate.
However, they cited studies in which population sizes
were reduced when seed losses were as low as 35% (Shea
and Kelly 1998). Cytisus scoparius (L.) Link is a long-
lived. polycarpic perennial that can have many reproduc-
tive cycles over its lifetime and has persistent seeds. Shep-
pard et al. (2002) predicted the potential efficacy of
biclogical control by seed-feeding insects for C. scoparinus
using a simulation model. In natural settings of New South
Wales, Australia, they predicied a reduction in fertility of
only 62% would be sufficient to suppress population
growth over time. [n contrast, populations in disturbed
areas would require more than 97% reduction in viable
seeds to facilitate management. To invade new areas, theiy
simulations estimated that it would rcquire a seed rain of
497 seeds'm ? for C. scoparius to invade disturbed exotic
pastures and an astounding 2,360 scedsm ? 10 invade
native ecosystems. Using multiple models, Rees and
Paynter (1997) estimated that a reduction of 75% in seed
production would dramatically reduce the abundance of
C. scoparins. In contrast, Parker (2000) constructed a sim-
ulation model for the west coast of North America that pre-
dicted it would take a 99.9% reduction in viable seeds in
prairics to reduce population growth of C. scoparius. In con-
trast, a 70% reduction was sufficient to induce a population
decline in urban setiings. Invasion of the woody perennial
Rubus discolor Weihe & Nees is ofien driven by clonal
sprouting. However, Lambrechi-McDowell and Radosevich
(2005) estimated that a 70% or more reduction in seedling
cstablishment woutd Jead to population dechne.

Although many of these studies have rescarched how
reducing fertility/fecundity may impact population growth
rates, it 1s importiant Lo recognize that most of these studies
arc simulations that estimatc what reductions would be
required 10 reverse the growth rates of established popula-
tions. As stated previously, it ts difficult 1o reduce estab-
lished populations, and the goa! of developing low-{ertility
landscape cultivars 1s 10 minimize seed production in culti-
vated plants to preemplively avoid sell-sowing and potential
spread to other arcas. Any reduction in the ftertility of land-
scape cultivars will similarly reduce the number of seedlings
that might become estzblished oulside of cultivated areas
and reduce the likelihood of colonization. Even if a small
number of viable seeds are produced, the likelihood that
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they will be dispersed, germinate, and survive is exceed-
ingly low (Willismson and Fitter 1996a). Evaluating the sur-
vival of viable seeds in natusal settings is challenging and
highly dependent on environmenta! conditions. As such,
when evaluating cultivars, breeders typically use optimal
attificial environments to evaluate germination potential
that vastly overestimate survival under naturai conditions.
Still and Contreras (2024) in a Buddleju study estimated
many millions of viable seedlings in greenhouse studies but
field observations of natural sites and attempts to replicate
in managed field plots have not shown nearly the same
fecundity levels. Based on these ecological studies, empiri-
cal evidence, and practical applications, a reduction in
female fertility of > 98%, compared to fertile controls, is
proposed as u reasonable and achievable goal that would
severely reduce reseeding and establishment of potentialty
invasive, sexually reproducing plants.

Although any future offspring’s fertility cannot neces-
sarily be predicted, there is evidence in butterfly bush {Stiil
and Contreras, 2024) that the rare progeny produced from
low fertility cultivars generally remains low in the subse-
quent generation. This is particularly true with triploid-
derived aneuploids that ofien have low fertility and fitness
(Phillips et al. 2016, Rounsaville et al. 2011, Ramsey and
Schemske 1998). However, over multiple generations, fer-
tility could potentially increase. For example, triploids can
sometimes produce a2 mix of gametes (including x, 2x, and
31) that can produce diploid or tetraploid offspring, espe-
cially when crossed with diploid progenitors (Li et al.
2022). While this phenomenon is typically rare, these off-
spring may have greater fertility.

When is Male Fertility Aiso Important?

In the development of seedless cultivars of invasive spe-
cies, it sometimes may be desirable to reduce pollen viabil-
ity. Male fertility could be an issuc if an introduced plant
readity hybridizes with closely related native species such
that the resulting hybrids exhibit greater fitness over the
native species o the point of outcompeting. though one
could argue that this does not necessarily resukt in a loss of
genetic- or bio-diversity and could benefit inbred populations.
Regardless, some projects have addressed male fertility. For
example, due to the invasive nature of Stachviarpheta caye-
nennsis {Rich.) Vahl, Wilson et al. (2009) and Qian et al.
(2021), examined plant morphology, sced viability, ploidy
levels, and pollen viability of commercially available por-
terweed selections, They found specific selections 1o be
female sterile but not pollen sterile. As a result, new hybrid
culiivar development was directed at not only improving
omamental traits but ensuring plants were incapable of
spreading by seed and unlikely to cross-pollinate with the
Florida native $. jumuicensis (L.) Vah) (Parrish et al.
2025). Similar circumstances have been observed for other
new cultivar development for ornamentals that share inva-
sive and native geners, such as Lanrana L. (Deng et al.,
20200, and Ruellia L. (Freyre et al. 2012a). However, in
cases where there is no native congener with which to
hybridize, male fertility is of litle importance compared to
reducing female fertility. Propagule pressure is the driving
force for range expansion, so reduced female fertility is
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paramount in minimizing plants’ escape. Cultivars with
sufficiently low female fertility will minimize potential
invasiveness regardless of male fertility. This also applies
to dioecious species. Based on the evidence, the introduc-
tion of male cultivars presents littie or no ecological threat.
Recently, Hex crenata Thunb. was proposed for regulation
in New England. This is a dioecious species introduced
from Japan. While there are nalive congeners in the US,
they are distantly related (Yao et al. 2021), with no sponta-
neous hybrids with native species reported even though it
wias introduced into the United States in 1898 and many
millions of an array of cultivars have been produced and
planted since that ume {Dirr 2009). So, while the idea of
gene flow from cultivated male selections to wild females
should not be completely dismissed, male fertility is of rela-
tively litlle imponance in reducing the escape of plants from
cultivated areas compared to reducing female fertility.

Regulation

The United States Department of Agriculture (USDA)
Animal Plant Health Inspection Service (APHIS) main-
tains the federal noxious weed list prohibiting the planting
of listed species. In 2001, the National Invasive Species
Council was established and included a management plan
that has since been updated for 2008-2012 and 2016-2018.
Each state maintains its own list of noxious weeds in addi-
tion to those identified by APHIS, cach of which is regu-
lated within the statc. However, cach state may have
different bodies or organizations involved in classifying
and regulating species. There can be conflicting informa-
tion provided by non-govemmental organizations (NGOs)
that may confuse growers and consumers {Anderson et al.
2021, Drew ct al. 2010).

Additionally, it can be difficult to know where 10 gel
information or understand which body regulates cultivars.
In California, the Invasive Species Council of California
(ISCC), an interagency council, appointed the California
Invasive Species Advisory Committee (CISAC) 10 make
recommendations for action plans, In its by-laws, the ISCC
appears tasked with recommendations and action plans,
but it is unclear what regulatory authority it holds. It is
unclear if any cultivar exemptions are in place in CA, but
if so, they will presumably be determined by the California
Department of Food and Agriculture (CDFA). Connecticut
and other New England siates have been proactive in regu-
lating nursery crops that have cscaped cultivation. Con-
necticut has a provision in their list of invasive species
(https:/fcipwg.uconn.edufinvasive_plant_list/) for non-
invasive cultivars that siates “that the species, although
shown by scientific evaluation to be invasive, has cultivars
that have not been evaluated for invasive characieristics.
Further research may determine whether individual culti-
vars are polentially invasive.” This language provides no
clear threshold tor growers or breeders to meet. Some
states have dedicated advisory groups that may work
directly with states’ departments of agriculture, such as the
Massachusetis Invasive Plant Advisory Group (hutps://
massnrc.org/mipag/) and Oregon in which a new commil-
tec has been assembled that includes staff from the Oregon
Department of Agriculture, scientists from Oregon State
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University (both breeders and ccologists). an ecologist
from the NGO Institute for Applied Ecelogy (hitps://applie
deco.org/), and representatives from the Oregon Associa-
tion of Nurseries (https:/fwww.oan.org/). Some states have
acted to regulate species based on empirical data, such as
the case with Berberis thunbergit in Minnesota and Wiscon-
sin, where they banned the species and 25 cultivars found 10
produce large amounts of fruit; however, their regulations
allowed for low fruting cultivars (Brand 2016).

It is concerning that there are cases in which evidence is
strong for cultivars with low fertility, yei underlying rea-
sons spectfic to the growth habit of their parents or the ran-
dom occurrence of small amount of sceds prevent their
recommended use and/or release (Wilson and Deng 2023).
This may be related to the problem identified by Brand
(2016) that we have observed in many states — that when
there are existing plant bans, reversal can be more chal-
lenging than the original regulation, especially in cases
where rules were legislatively imposed. Proactive and rea-
sonable regulation or legislation based on data can stream-
line the process.

Even though plants may be uniqucly problemaltic te a
particular region, the same concerns and questions arise
across all states grappling with this issue. As more seedless
or low fertlity cultivars are introduced, we need a common
tanguage and assessment 1ools 1o usc across statc lines.
The nursery industry is one of interstate commerce. For
example, the State of Oregon ships nearly 80% of its nurs-
ery stock out of state, including the cntire continentat US,
Therefore, regulation in a single siate may impact many
economically. This has led to confusion for breeders,
growers, consumers, and regulators. During our discus-
sions, common questions arisc, including “How do you
evaluate invasiveness?”, “How do you evaluate fertility?”
“Whalt are the crileria for making decisions?”, and "Are
there any recommended guidelines for doing this?”. These
and similar questions require standardization across the US
10 allow breeders, growers, retailers, regulators, and con-
sumers to have confidence in how the issue of nursery
crops bred for low fertility 1s handled. A wide range of
invasive plant nsk assessment protocols has been devel-
oped. However, these oflen differ considerably in what cri-
teria they evaluate, what stage of the invasion process they
focus on, and how risks are weighted. In the United States,
differences in subjective risk assessments often produce
different results for the same taxa (Bradley et al. 2022).
We do not propose a single one-size-fits-all style regula-
tion. However, we hope to establish practuical guidelines
that allow plants of different funchonal types in different
regions to be evaluated for fertility in 4 cost effective and
timely manner.

Policy Recommendations Related to Potentially
Invasive Nursery Crops

1. The goal of relevant policy or regulation should be to
minimize the future introduction of weedy and invasive
species while not impacting the production and sale of
plants for which sufficient reduction i fertility has
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been documented or are otherwise deemed to present
little or no environmental or economic harm.

2. Any restrictions on potentially invasive species should
allow for tow fenility, scedless cultivars. Compared to
fertile cultivars, we recommend that a >98% docu-
mented reduction in female fertilily is a practical and
achicvable threshold for accepting low fertility cultivars
of potentially invasive, sexually reproducing plants.
Plants known lo or observed to invade through vegela-
tive means should be considered separately.

3. Consider cxemplions based on data gathered as outlined
below and have a panel to evaluate data for scientific
rigor. We recommend that the panel be diverse in com-
position and include genelicists, horticulturists, and
ecologists with government, university, industry and
regulatory representatives.

4. Review lists annually and maintain a single web-based
source for information that clarifies the state policy for
these crops.

Recommended Protocols for Fvaluating Plant Fertility

Although there are various approaches for selecting and
developing low-fertility cultivars, it is important to quan-
tify and document relative fertility. For example, while
some interspecific hybrids exhibit virtually no fenility
(Conitreras et al. 2007, Olsen et al. 2006b), others may
exhibit little or no reduction in seed and scedling produc-
tion (Still and Contreras 2024). Similarly, triploids or
plants exhibiting other uncven ploidies (e.g., pentaploid)
frequently have greatly reduced fertility, but this varies,
even within a specics or genus (Phillips et al. 2016; Roun-
saville et ai., 2011). In other cases, misinformation or con-
fusion has led 1o the suggestion that some plants were
scedless when they were not. For instance, when Pyrus
calleryana Decne. ‘Bradford’ was initially introduced, it
rarcly produced fruit when isolated from other pear trees
due to reproductive self-incompatibility, leading some peo-
ple to believe it was sterile, Over time, when other geno-
types were mitroduced, allowing for cross pollination,
*Bradford’ trees produced viable seeds, escaped and have
naturalized extensively in the castern US. Howcever, it
should be made clear that *Bradford’ was never developed,
selected, or introduced as a seedless cultivar. On the con-
trary. the original release notice and subsequent articles
referenced its fruit and fertility (Ackerman and Creech
1966, Parker 1960, Vincem 2005, Whitchouse et al. 1963).
Unfortunatcly, this type of confusion crodes confidence in
modern breeding methods. However, these examples illus-
trate the nced for valid testing of low-fertility cultivars of
weedy species.

Although many researchers and private breeders have
cvaluated reproductive fenility in specific cultivars, no
standardized protocols or recommendations exist, Evaluat-
ing fertility should include a sound experimental design,
with rephication, appropriate controls, and suitable pollina-
tion conditions including cross pollination. The overall
goal is to evaluate fertility under favorable conditions for
pollination and reproduction. Specific recommendations
for plants may vary in methods. duration, or location based
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on life cycle or other factors. However, some factors described
below apply across plant types.

Experimental Conditions and Procedures

Studies should have a valid experimental design that
aims to test the likelihood that new cultivars have less than
98% reduction in fertility over fertile cullivars. In most
cases, a simple completely randomized design or random-
ized complete block design with a minimum of 5-6 replica-
tions across years and locations is sufficient. As weather
and environment can be factors in pellination and fruit set,
it is desirable to repeat the experiment over at least two
years of flowering or, alternatively, in two different loca-
tions in the same year. In addition to natural pollination,
supplemental hand pollination can be done, particularly if
an experiment is donc in a greenhouse. Hand pollinations
can use a mixture of pollen from multiple male parents (o
ensure good cross pollination and avoid issues of incom-
patibility due to shared S-alleles, for example. Suitabte,
fertile cultivars should be included as controls or market
comparisons. We recommend selecting controls that repre-
sent the industry standards found in commerce and are
known 1o be male and female fertile. Such controls con-
firmt that studies were completed in an environment and
under conditions favorable for pollination and reproduction
of the 1axon under investigation by producing viable seeds
in sufficient amounts. Environmental variability is a
proven faclor in evaluating fentility. However, this can be
reduced by using common garden studies as comparisons.
Whereas it may take decades and unreasonable expense 10
evaluate the fertility of a tree species among all environ-
ments where it may be produced and distributed for plant-
ing, common garden studies using pulative seediess
cultivars alongside noted fertile selections can be used to
establish how fentile a cultivar is in a shorter time and at
less cost. While the absolute value of seedlings produccd
may vary among cnvironmenis, the relative fertility will
provide a relative comparison. For example. a study on
Acer ginnala Maxim. conducted in Oregon with proper
conirols may have different absolute fertility levels than a
comparable study in Minnesota, but the relative fertility of
plants is comparable. Finalty, il planis are self-infertile, at
least two highly fertile cultivars/genotypes should be
included as pollenizers that have overlapping bloom times
(phenology) to flower simultancously, with culuivars being
tested to ensure the presence of fertile and compatible po!
len. In situations where study plants have different euploid
levels {e.g., diploid, tetraploid), pollenizers with the same
ploidy should be included.

Data Collection

To measure floriferousness, a researcher may count the
aumber of flowers or compound inflorescences on cach
plant. or a subsample of branches, representing the greatest
flower density on that plant, If measuring the number of
flowers or inflorescences per plant, the evaluators can
measure an index of plant size or approximate volume
{e.g.. cylinder: plant height X n X radius®; dome: (n X
base radius® X 2/3). If measuring the number of flowers on
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a subsample of branches, evaluators can measure the total
length of the subsample of branches for that plant.

When fruit is ripe, it should be collected and counted
from the entire plant or subsample of marked branches or
inflorescences, then the total number of seeds can be
extracted and counted from cither the entire plant or sub-
sample of marked branches or inflorescences. For some
planis, like Rhododendron L., Buddleja, and Spiraea L.,
counting all the seeds may not be feasible. In cases like
this, fertility can be expressed as the number of germinated
seedlings per plant, subsample, or inflorescence compared
to controls.

The viability of seeds should be assessed. In some cases,
as with fertile controls, this can be a subsample, such as
100-300 seeds per experimental unit. As opposed to tetra-
2olium staining, the percentage germination of seedlings is
a preferred method for evaluating viability after providing
any necessary stratification or scarification treatments. In
the case of triploids, if scedlings are obtained, it is desir-
able, but net essential, to test the genome sizes of the par-
cnts and seedlings to determine if the seedlings are euploid
(and potentially apomictic) or ancuploid (often highly
abnormal).

For siluations where it is desirable 10 measure male fer
tility, such as in cases where there are native congeneric
specics for which outcrossing is a concemn, pollen germina-
lion percentage and pollen staining (Contreras et al, 2007,
Olscn ct al. 2006b) can give an indication of pollen viabil-
ity but may overestimate viability. Using test plants as pol-
len parents in controlled crosses with fertile female parents
can provide a more accurate estimate of potential male fer-
tility (Sull and Contreras 2024).

Data Reporting

It is generally desirable to present a relative female fer-
tility (%) measure compared to a fertile control. To beuter
understand what factors contnibute to relative female fertii-
ity, it is recommended o present a measure of floriferous-
ness (e.g., flowers per umit branch length or flowersf
inflorescences per unit plant size) and individual metrics
of fertility including fruit set per lower/inflorescence (%),
seeds per [ruitfinflorescence (#), seed germination (%),
and seedlings per plam/branch lengthfinflorescence (#),
and relative female fertility (%) compared 10 a fertile con-
trol. Providing thesc individual data points can betier equip
regulating bodics to more fully evaluate cultivars being
proposed for exemptions.

Case Studies
Berberis fertility assessment

Materials and methods. The experimental design was
completely randomized, n = 5 with 12 accessions/geno-
types of Berberis, including the B. thunbergii cultivars
Tara and Golden Devine as controls. Well-rooted Trade #2
(Nursery Supplies Classic C600) container grown plants
were planted into a rmised-bed, plasticulture, nursery crop
production system on January 27, 202 1. Fertility data was
collected over the 2021 and 2022 growing seasons.
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Table 2. Sample data sheet.

Total Marked | Total Number of Date of | Total Number of | Total Number of Total Number of
Branch Flowers on Marked | Peak Fruit on Marked | Sceds from Marked | Scedlings from
Accession | Replicate | Length/plamt | Branches Bluom Branches Branches Marked Branches
A. Data Collection. A sample data sheet is provided in The number of seedlings were counted after
Table 2. Details of data collection include: 90 days.
1. Flowers: .

1.1 Two or three branches (~20-30 cm long) with the B. Results. “Tara” had the greatest number of seedlings
greatest number of flowers found on that plam per unit branch length for both years (Tables 3 and 4).
were selected and labeled. Three cultivars, "NCBX1', ‘NCBT1’, and ‘NCBX2', had

1.2 The total number of flowers on the combined marked less than 2% relative fertility of ‘Tara’, the fertile control,
branches per plant was counted and recorded. over both years, and would therefore be considered sufTi-

1.3 The total length of the combined marked branches ciently infertile to meet our criterion as a seedless cultivar.

per plant was counted and recorded.
1.4 The date of pezk bloom for each plant was recorded.

2. Fruit: Terminology
2.1 The total number of fruit from the combined To provide effective communicalion and messaging
marked branches (keeping the fruit from each plant regarding invasive species, the consistent use of terminol-
separate from the totat fruit harvested in prepara- ogy across research, teaching, and extension disciplines is
tion for Step 3.) on each plant was harvested and necessary. For example, recem efforts were made 1o create
counted. If there was no fruit on any of the marked a standardized set of terms to distinguish introduced, estab-
branches, the total number of fruit on the entire lished, invasive, and nuisance species, among others (Tan-
piant was counted. none et al., 2020). Specific to the contents of this review
3. Seeds: paper, the following definitions of important and relevant
3.1 The total number of seeds from the fruit harvested terns are provided as:
from each plant was counted.
3.2 Seeds from cach plant were separated and stratified » Non-native species — An organism, including its seeds,
for 90 days at 6.1 C (43F). cggs, sporcs, or other biological material capable of prop-
4. Seedlings: agating that species, that occurs outside of its natural
4.1 Containers were moved to a healed greenhouse range (Executive order 13751 2016, Invasive Species
with a minimum temperature of 18.3°C (65F). Advisory Commiltec 2006).

Table 3, Replicated Berberis fertility field trial completed in 2021 at the Mountain Horticultural Crops Research Station, Mills River, NC,
evalualing accessions, peak bloom date, floriferousness, fruit sel per flower, sceds/fruit, seed germination, seedlings per unil branch,
and relative femate feriitity".

Floriferousness Fruit set Seed Seedlings per unit
Peak (Mowers/branch per flower Seeds/fruil germination branch length Relative female
Accession bloom date length) #lcm (%) h (%) {#fem) fertility (%s)
“Tara’ 413 191 = 05" 35 =62 L+=o™ e~ 47" 115 202" 1000 + 13.8*
*Golden Devine 410 022 = 0.1¢ 183 = 108% 16X 01* 423+ 228~ 0.03 * 0.02° 2818
‘NCBX1" 4 LOd =02 o0 + 0o S e no = 00 0.0+ 00°
‘NCBTL 4012 LO4 = 0.2 1.2 % 04 0.5+02% 889+ 11.1* 0.008 = 0.004° 0.7 + 0.3
‘NCBTZ 414 104 = 0.2 12,2 = 3% 14+ 02" 233 *92* 0.04 = 0.01° 30 0y
‘NCBTY' 410 094 = 0.1 6.8 =15 141+ 02* 217+ 162 0,01 £ 0.01° 1.1 +08
*NCBTY 44 120> 254 = 38~ 1.6 ~ 007 216 * 5.7 0.1 = 04" 9.3 = 30"
“NCRT4 418 132z=o0 5.0 = 5.9 15=00* 109x27% 004 = 0.005° 37105
*NCBX9" 4015 0.35 = 0.4 306 = 540 1201 78+ 68" 0.02 = 0.02° 018
"NCBX2 No Bloom 0.00 = 0.0° e 5 . vz 0.0 ~ O
“NCBTI2 412 1.04 = 0.1° 48.9 = 6.8* 1.6+~ 0.01" 28.6 + 4.6™ 0.23 = 0.06° 196 = 16.1"
“NCBT14" 413 0.20 = 0.1" 14.7 = 4.3%' 16+ 03" 308+ 138™ (.02 £ 0.0 20 = 1.8

“Vakues are means, n = §. = standard ceror of the meun. Values sharing common tetiers are not sigmlicamly different ay P < (1035, Relative female ferahity
was caleulated as: (Seedlings per unit branch length/Secdlings per unil branch lengih of the control) * 100. The overall teast significant difference (P =
U5} for relative female fertility was 13.5%,
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Table 3. Replicated Berberis fertility fietd trial completed in 2022 at the Mountain Horticultural Crops Research Station, Mills River, NC,
evaluatiag accessions, peak bloom date, Noriferousness, fruit set per flower, seeds/ruil, seed germination, seedlings per unit branch,

and retative female fertility”,
Ftoriferousness Fruit set Seed Seedlings per unlt

Peak bloom {Aowers/branch per flover Seeds/fruit germinztion branch length Relutive female
Accession date length) #/cm (%) #) (%) (#lem) fertility (%)
“Tarn' 413 41 =07 463 = 28% | 2x00%* 933t 1.80 * 0.3* 100.0 + 18.0*
*Golden Devine' 4725 0.4+ 0.1% 05108 11+01% 874 = 2.7 0.15 % 0.|* 86+ 60°
*NCBXI* 427 43 * 10 00+ 00° 5 5 0.00 * 00 00+ 00"
‘NCBTI' 4/18 0.7+ 0% 92+30%  02=x0 750 = 19.4° 001 £ 00° 04+l
‘NCBT2' 4/ 1.2+03¢ BIr4T* 1S5+ 00 Red = 43 060 = O 9% 318+ B
*NCBTY" 4719 1.4 + 01 BT 21 14+ 0.0* 06727 050 = 0.1*% 276 = 5.5%
"NCBT3 4426 1.2+ 01% 548 +95% 15+ %  gggs g 084 > 0.2¢ 47.1 + 15,74
*NCBT4' 4027 27+ 03" 338 -15% 1 5+00% 800+ 3st 1.00 = 0.1% 553 = 7.3
‘NCBX9 430 25+ 04" 69+268 14+01™ 7)1 4+43" 020 =0.1° 101 *+ 4.34°
"NCBX2' No Bloom 0.0 = 00 E 5 5 0.00 = 0¢ 0.0 = 00
"NCBT12° 4723 REXN ¥5.7+ 123 15+ 00" g2 s |5 1.74 * 0.5° 97.3 + 26.7°
‘NCBT14' 4121 0.4 + 0.1% 565 =954 LI +0rt  ¢g7+25 023 2 0.1*% 13.1 + 4.5%

"Values are meuns, n

5. * standard error of the mean. Values shanng common lelters are not significantly different at P < 0.05, Relalive femaie feculuy

was calculated us: (Seedlings per unit branch lengilySeedlings per umt branch length of the control) * 1(M). The overal! least sigmficant difference (P =

0.05) for relative female ferlity was 15 1%,

* Anisoploid - Plants or cells with an odd (uneven) number
of complete chromosome sels (e.g.. 3, 5, 7...; wiploid,
peniapioid, heptaploid. . ).

* Aneuploid - Cells, or individuals comprised of cells,
with an incompletc or exira number of chromosomes
compared 1o a complete set or sets for that organism.

* Apomixis (agamospermy)- Asexual seed formation.

* Colonization rate — Rate of successful establishment of
long-distance propagules (i.c. not near the mother plant).

* Cytotype ~ Cell, or an individual comprised of cells, with
a characteristic number and type of chromosomes.

¢ Euploid — Cells with an even number of complete chromo-
some sets (c.g., 2, 4, 6. . .. diploid, tetraploid, hexaploid. . .).

* Fecundity (syn. reproductive capacity) — The biological
capacity or potential to produce offspring. For example,
the greatest number of viable seeds or seedlings a plant
can produce per unit of time.

* Fertility — The acual ability o reproduce or produce
progeny in a given environment. This can include female
fenility (e.g.. the ability 10 produce viable seeds) or male
fertility (e.g.. the ability to preduce viable polien). Fertil-
sy is quantitative (c.g., low fertility or high fentility). Rel-
alive fertility is in comparison to a benchmark or control,
e.g., % relative fentility,

* Floriferousness - Number of flowers produced per unit of
plant size or branch length.

* Infertility/Infertile/Low Fertility - Limited ability to
reproduce: can refer to reduced female fertility (viable
seed production) or reduced male fertile (pollen viability)
compared to a benchmark.

« Intrinsic rate of growth — The rate at which a population
increases or decreases in size under ideal conditions with
no limiting factors. Often represented by the constamt “r”
and catculated as the birth rate - death rate.

* Invasive (species) -

A) A non-native organism whose introduction causes or
is likely to cause economic or environmental harm,
or harm to human, animal, or plant health, (Executive
order 13751, 2016).
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B) Species that establish and spread outside their native
range or management area and degrade the environ-
ment (Mack et al. 2000).

C) Any species that is not native to that ecosystem and is
capable of propagating itself, whose introduction causes
or is likely to cause harm to the environment, economy,
or human health {Pejchar and Mooney 2009),

* Naturalized — A non-native species that establishes scif-
perpetuating populations (Richardson et al. 2000). This
does not indicate if plants that have naturalized are cans-
ing negative impacts on the native environment.

* Ploidy — Number of complete scts of chromosomes in an
organism’s cells. Diploids have two, triploids three, and
50 on. Polyploids are any plant with more than twe com-
plete sets of chromosomes.

* Propagule pressure — The total number of individuals
introduced into a surrounding area.

* Propagule rain - The extent to which established individ-
uals of a species add offspring to the exotic environment,

» Population growth rate (1) - the actual rate a1 which a
population size changes over time often assumed to be in
a constan! environment (deterministic), independent of
plant density.

* Relative fertility — percent lertility {male or female) com-
pared to a fertile standard. For example, 50% relative
female fertility would mean a plant produced half as
many viable seeds or seedlings compared to a control.

* Seedless - Condition where seed production is greatly
reduced or rare, but not necessarily zero.

* Self-sowing (self-seeding) - To reproduce and spread by
the dispersal of its own seeds.

* Sterility - Absolute inability to reproduce sexually.

* Triploid - A plamt with three complete sets of
chromosomes.

* Weed - An undesirable plant, especially one with broad
adaptability that sprcads aggressively and is well adapted
to environmental disturbances, Weeds may be native or
non-native and may or may not have negative effects on
ecosysiems,

* Weediness — The propensily 1o be a weed,
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Berberix thunbergn L. (Japanese bar-
berry) holds significant market share in the
commercial omamental horticulture industry,
Japancse barberry 8 grown by production
nurseries and used in landscaping across the
northern half of the United States. In 2009,
the barberry crop was worth nearly $30.5
million in annual sales in the United States,
making 1t one of the top two omamental
shrubs, roses excluded. (U.S. Department of
Agneulture (USDA) 2009]. Dirr (2009) lists
close to 70 cultivars of B thunbergii or B.
thunbergii hybrids, and new cultvars con-
tinye to be introduced at a rapid rate. Hardi-
ness, casc of culture, resistance to deer
browse, compact habit, and general attrac-
uveness have made Japanese barberry one of
the most popular landscape shrubs in the
United States (StefTey, 1985). Japanese bar-
berry cultivars offer ornamental interest in all
four scasons, featuring yellow flowers in
spnng; attractive red, yellow, green, or varie-
gated foliage in summer; lcaves that wm
orange, yellow, and red in fall; and bright red
berrics that persist through the winter (Stef-
fey, 1985). Its thomy stems make it useful as
an impenetrable hedge in home landscapes
(Steffey, 1985), and ather uses include foun-
datien plamings, groupings and even as a
specimen for difficult growing conditions
(Durr, 2009). Japanese batberry's popularity
as a commercial horticulture swaple crop has
also resulted from its ease of culture under
production nursery conditions (Mark Sellew,
Pndes Corner Farms, Lebanon, CT, personal
communication). Barberry roots easily from
cuttings; thus large numbers of genetically
uniform plants may be raised (Dir and
Heuser, 2006), and it only requires one to
two growing scasons to reach saleable size in
a contamer.

Berberis thunbergil is a shrub native 1o
Japan that was mtroduced imo the United
States in 1875 through the Amotd Arboretum
in Boston (Silander and Klepeis, 1999). By
the carly 1900s the plant was being promoted
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and marketed as a replacement for common
barberry (Berbens wulguris}), a shrub long cul-
tivated n the United States until an eradica-
tion campaign was mounted in the 1920s
because the species serves as an alternate host
for a destructive grain rust (Silander and
Klepeis, 1999). From initial introduction sites
in Boston and New York, Japancse barberry
showed up by the 1920s as a garden escape in
rural arcas of Massachusetts and New Hamp-
shire, and by the 1960s it was recogmzed as a
senous invader of many habitat types through-
out the northeastern United States {Silander
and Klepes, 1999). The USDA (2011) reponts
that Japanese barberry is naturalized within
more than 30 states, including areas of the
Midwest and adjacent Canada. It appears that
the spread of this plant is only limued by cold
hardiness factors and its need for cotd steatfi-
cation to prompt successful seedling germina-
tion (Salander and Klepeis, 1999).

Many of the characteristics that make
Japancse barberry a deswable landscape shrub
also predispose it to be an invader. Japanese
barberry produces large quantitics of red ber-
ries that mature in September and contain
one 1o three seeds (Dirr and Heuser, 2006;
Ehrenfeld, 1999). Brand ¢1 al. {2012) found
that many culnvars of Japanese barberry can
produce several thousand sceds annually as
mature plants, which will lead to establish-
ment of hundreds of scedlings each year in
unmanaged areas. Japanese barberry is also
adaprable and can colonize many habitat
types, including closed forests, woodlands,
wetlands, meadows, pastures, fence Tows,
waste places, among others {Lubell and
Brand, 201 1; Sitander and Klepeis, 1999)

Concemn over the detrimental ecological
effects of invading Japancse barberry has
prompted many staics Lo ban the sale of this
species. Maine (Maine Department of Agri-
cultuee, Conservation & Forestry, 1021),
Massachusctis (Massachusetts Department of
Agricultural  Resources,  2021).  Minncsola
{Minnesota Departiment of Nawral Resources,
2021), New Hampshire (New Hampshire
Department of Agricutture, Markels & Food
2017), New York (New York State Depan-
ment of Environmenial Conservation, 2021b),
and West Virginia (West Virginia Depanment
of Agricultare, 2021) have passed laws that
prohibil the sale of A. thunbergir. Minncsota
has allowed continued sale of B. thunbergi

cultivars that produce reduced numbers of
seeds and New York has allowed for exemp-
tions of cultivars that meet low fecundity
standards (New York State Department of
Environmental Conservation, 2021a)

Usc of native species, or noninvasive
exolic species, as alternatives (o invasive spe-
cies has had some success. However, it 1s dif-
ficull to sdentify replacement plants that
match thc omamental charactenstics and
landscape performance traits that Japanese
barberry provides. For these hard-to-replace
invasive spectes, there 15 considerable indus-
try interest in the development of stenle
forms of these plants (Gagliardi and Brand,
2007). Development of sterile, or near stenle,
cultivars of 8. thunbergii provides (he nurs-
ery and landscape industries with plants that
can be used n the same way that existing cul-
tivars are used, without the environmental
risk. Using polyploidy breeding, four sierile
or nearly stenle, compact cultivars of B. thun-
bergii were created with red folhiage, yellow
foliage, or green foliage,

Origin

Creation of *“UCONNBTCP4N® was initi-
ated 1n 2004 by exposing in vilro shoot cul-
tures of Berberis thunbergii *Crimson Pygmy’
(syn. Berbens thunbergii * Atropurpurea Nana')
to the mitotic inlubitor colchicine to create an
autotetrapiord form of the plant. No patemal
plant was involved in the creahon of
*UCONNBTCP4N'. Methods used to produce
tetraploids in vitro are sionifar to those desenbed
by Lechrer (2007) for Berberis thunbergit var.
atropirpurea. Briefly, nodal explants of in vitro
Berhens thunbergn ‘Crimson Pygmy' shoot
cultures were exposed to 0.1% colchicine for
24 h in liquid culture media. Nodes were then
grown out in tissue culture and shoots were seg-
regated into mdwidual shoots and cultured fur-
ther 1 climmale any potential mixoploidy.
Ploidy of individual shoot cuftures was then
determined by flow cytometry using methods
described by Arumuganathan and Earle (1991)
and modified by Lehrer et al (2008). Flow
cytometry was conducted using a BD Accun
C6 Flow Cytometer (BD Biosciences, San Jose,
CA) and data were analyzed using the BD
Accuri C6 Flow Cytometer software. Standard
diploid ‘Cnmson Pygmy’ and tetraploid var
atropurpurea hustogram peaks were compared
with unknown samples. A shoot confirmed as
tetraploid was then multiplicd m viro and
microshoots were rooted in vitro and acclimated
to the preenhouse. Thitty tetraploid plants
denved from *Cnmson Pygmy' were produced
in 2005 and grown in a greenhouse and cold-
frame during the first growing scason. For the
2006 through 2010 prowing scasons, plants
were grown in comainers ouwtdoors and evalu-
ated for horliculural trils and fru and sced
production. Container plants were overwintered
in an unheated white polycthylene covered
hoop housc dunng cach winter dormancy. In
Spring 2011, plants were instalied in the field
for long-term evaluation and were cvaluated
annuatly for horticuliural performance and sced
production through 2021, Tetraplowly was
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confirmed by flow cytometry five times on
plants outside of in vitro culture; twice in the
first year, once in year two, once in year three,
and once in year five. ‘UCONNBTCP4N' was
selected for introduction based on lack of seed
production over a period of 16 years, in combi-
nation with compact, dense form and attractive
red foliage color.

‘UCONNBTB048’ and "UCONNBTBI1 13"
were developed by cxposing pregerminated,
open pollinated seed of B. thunbergii ‘Bog-
ozam’ Bonanza Gold® to the mitotic inhibitor
colchicine to create autotetraploid plants. Spe-
cific methods used followed those published
by Lehrer et al. (2008). Bricfly, seeds were
cold stratified for 5 weeks during Winter 2007
and then pregerminated, so 5 te 7 mm of radi-
cle was emerged from the seeds. Pregermi-
nated sceds were then exposed o0 a 0.1%
colchicine solution for 24 h. Treated seeds
were planted in flats and grown in a green-
house until they were large enough for ploidy
analysis by flow cytometry as described for
UCONNBTCP4N.

Thirty scedlings from ‘Bogozam® were
confirmed as tetraploids and were grown on
for evaluation of honticulturel traits and sced
production. Tetraploid planis were grown in
a preenhouse and outdoor coldframe for theie
first growing season and then outdoors in
containers during 2008, 2009, and 2010. In
Spring 2011, 10 of the tetraploid plants tha
cxhibited bright yellow foliage, good oma-
menta! charactenstics, and no seed produc-
ton as contaner plants, were planted i the
ficld for long term cvatuation as mature
plants. The remaining 20 tetraploid seedlings
were discarded because \hey either preduced
seeds, had poor foliage color or tacked desir-
able omamental traits. Theee diplaid B. thin-
bergii ‘Bogozam’ Bonanza Gold® plants
were grown in the same planting as tetraploid
plants lo serve as control plants. During the
growing seasons from 2011 10 2021 tetra-
ploid plants ¢stablished in the field were eval-
uated annually for horticultural performance
and seed production in companson with dip-
loid control plants. Tetraploidy was con-
finned by flow cytomeiry three times; n the
first year, in the second year, and in the fifth
year. B. thunbergii “UCONNBTB(48' and
“UCONNBTB113" were selected from the 10
tetraploid seedlings installed in the field
planting based on lack of seed production
over a period of 14 years, in combination
with compact, dense form, and anractive yel-
low foliage color.

‘UCONNBTB039" was devcloped by ex-
posing pregerminated, open pollinated seeds
of Berberis thunbergii var. atropurpurea 1o
the mitotic intibitor colchicine in Wnter 2005
to create autatetraploid plants, B+, var. aro-
purpirea produces seedlings that have red or
purple foliage. The depth of the red or purple
color ranges from deep hues to very pale hues,
and a small mumber of seedlings have green
foliage without any red or purple coloration,
Specific methods used for the colchicine treat-
ment followed those descnbed for creation
ol ‘UCONNBTBO048" and ‘UCONNBTRBI113",
Treated sceds were then planted in Aats and
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grown in a greetthouse until they were large
enough for ploidy analysis by flow cytometry
as descnbed for ‘UCONNBTCP4N',

One hundred seedlings were confirmed as
tetraploids and were grown for evaluation of
horticultural traits and seed production, Tetra-
ploid plants were grown in a greenhouse and
outdoor coldframe for their first growing sea-
son and then outdoors in containers from
2006 through 2010. Container planis were
overwintered in an unheated white polyethyl-
ene covered hoop house during each winter
dommancy. In Spring 2011, 10 of the tetra-
ploid plants that exhibited good omamental
characteristics and no seed production as con-
tainer plants were planied in the feld for
long-term evaluation as mature plants. Three
diploid B. thunbergii var. airopurpurea plants
were grown in the same planting as tetraploid
plants to serve as control plants. During the
growing seasons from 2011 to 2021, tetra-
ploid planis established in the field were cval-
uated for honticultural performance and seed
production in comparison with diploid con-
trol plants. B. thunbergii *UCONNBTB039"
was selecled from among the 10 tetraploid
scedlings instalted in the field based on lack
of seed production, vigorous growth, compact
habit, and spreading form. Green foliage was
also a selection consideration to provide an
additional teaf color offering in sterile Japa-
nes¢ barberry, along with red and yellow.

Tetraploidy was confirmed multiple tumes by
flow cytomelry when plants were in conlain-
ers and the field.

Descriptions

The following cbservations, measurcments
and values describe plants grown dunng the
spring, summer, or [all in ground beds or con-
tainers in an owtdoor nursery in Storrg, CT, and
under cultural practices that closely approxi-
mate commercial barberry production. Plants
used for description and for most photographs
were 10 years old. Deuiled descriptions of
color for plant parts was based on comparison
with the Royal Honicultural Society (RHS)
Colour Chart (Royal Horticultural Society and
Flower Councit of Holland, 1986).

"UCONNBTCP4N', Plants of ‘UCONN-
BTCP4N" are low, dense, and mounded with
many branches, typically being wider than
tal) (Figs. 1 and 2). Plants will be 45 to 60 cm
tall and 90 to 105 cm wide in 10 years. New
stems are yellow-green (RHS 146D), firm
and stiff with a 2- to 3-mm diameter. Annual
shoot growth is between 10 and 20 ¢m with
10 to 20 mm intemodes. Single, slender, 10-
to 12-mm thorns are found at most nodes and
have color changing from 146D al the base to
183B at the tip. Leaves are altemate down
long shoots and whorled in rosettes on spur
shoots, usually with two to three leaves at
each node. Leaves arc simple, glabrous,

Fig. 1. Berherws thunhergil 'UCONNBTCP4N'. (A) Looking up o the corolla of the flowers. (B) Look-
ing at the red sepals on the backs of the flowers. (C) New sprng fobiage just as long shoot growth is
beginming (D) Container-grown -gallon plants a1 the beginming of their second summer of growth
since propagaton These planis were rooted from softwood cuttings two summers eather (E) A ficld
grown plant in spnng. (F) A ficld-grown plant in summer.
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‘UCONNBTCPAN

Fig. 2. Fruiling of Berberis thunbergii ‘UCONNBTCP4AN’ compared with Berberrs thunbergii *Crimson
Pygmy". {A) Intact ‘Crmson Pygmy fruis lefl, ‘UCONNBTCP4N' fruits nght (B) Cut open
*Ceimson Pygmy" fruns left showing developed seed, “UCONNBTCPAN’ fruns nght showing
aborted, necrolic embryos. (C) A single *Cnimson Pygmy” plamt in November in Mansficld, CT.
showing copious fruit production and two plants of ' UCONNBTCP4N® show g ne frunt production.

obovate to spatulatc-cblong and 20 to 5¢ mm
long and 14 to 21 mm wide with entire mar-
gins and pinnate venation (Fig. 3). The adax-
il surface of developing leaves in high hight
conditions is greyed purple (RHS 183A and
183B) and the abaxial surface is greyed pur-
ple {RHS 185A) at the margins, changing to
grayed green in the center. The adaxial sur-
face of fully cxpanded lcaves in high hght
conditions is greyed purple (RHS 187A) and
brown (RHS 200A) and the abaxial surface is
greyed purple (RHS 191A). Shaded leaves
are geeen (RHS [37A) on the adaxial surface
and (RHS 137C) on the abaxial surface.
Petioles range from | to 14 mm long with a
| -mm diameter and colors match the lamina.

Inflorescences are cymose, with a diame.
ter of 21 to 25 mm and a length of 10 10 20
mm and contain two to four flowers. Flower-
ing occurs in April (Storrs, CT) and fAowers
persist for 7 10 |4 d depending on weather
conditions. Individual flowers are 5 to 7 mm
long and 10 to |3 mm in diameter and com-
prised of a single whorl of six petals and sin-
gle whorl of six 1o ¢ight sepals. Petal color is
yellow (RHS 12C) and scpals arc yellow
{RHS 12C) on the adaxial surface and red
(RHS 53A and 53B) on the abaxial surfacc.
Peduncles are 4 to 14 mm long and pedicels
ar¢ 4 10 6 mm long; both are red (RHS 53A
and 53B). Fruits arc scldom produced but are
8 to H1 mm long and 4 to 5 mm in diameter
cllipsoidat berries that ripen in October with
a red color (RHS 53B),

‘UCONNBTR039". Plants of "UCONN-
BTB039' are low, dense, and mounded with
many spreading and overarching branches,
typically being wider than 1all (Fig. 4). Plants
will be =70 cm 1all and 120 em wide in 10
years. New stems are yellow-green (RIS
146C), changing 10 brown (RIIS 2008} as the
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growth hardens, becorming firm and stfT wath a
2104 mm diameter. Stems older than two sea-
sons are brown (RHS 200B) and black (RHS
202D). Annual shoot growth i1s between 20
and 30 cm with 10- to 15-mm intermodes. Sin-
gle, slender, 8- to 9-mm yellow-green (RHS
146C) thoms arc found at most nodes. Leaves
are altenate down long shools and whorled in
roscites on spur shoots, usually with two 10
four leaves at cach node. Leaves are simple,
glabrous, obovate to spatufawe-oblong and 20
te 35 mm long and 10 to 18 mm wide with
enlire margins and pinnate venation (Fig. 3).
The adaxial surface of developing leaves is yel-
low-green and green (RHS 144A, RHS 141A)
and the abaxial surface is green and yellow-
green (RHS 138B, RHS 146B). The adaxial
surface of fully expanded leaves is green (RHS
136A, 139A) and the abaxial surface is green
(RHS 137C, (38A). Pelioles range from 5 to
13 mm long with a | to 2 mm in diameter and
colors match the lamina.

Flowers are solitary, with a diameter of
10 to t5 mm and a length of 10 to 20 mm.
Flowcring occurs in April (Storrs, CT) and
flowers persist for 7 to 14 d depending on
weather conditions. Flowers comprise a sin-
gle whorl of six pelals and single whorl of six
to eight sepals. Petal color is yellow (RHS
12C), and sepals are yellow {RHS 11C) on
the adaxial surface and yeliow (RHS 1 1B) on
the abaxial swrface. Pedicels arc 4 to 6 mm
long and yclbow (RHS 154A). Fruits are
rarcly produced but are ellipsoidal berries
that ripen in October, are 7 to 10 mm long
and 4 to 5 mm in diameter, with a red color
(RHS 53B).

‘UCONNBTB0O48". Plamts of "UCONN-
BT048" arc low, dense, and mounded with
many branches, typically being wider than
talt (Fig. 5). Plamts will be =60 cm 1alt and

90 cm wide in 10 ycars. New stems are yel-
low-green (RHS 146D) with a red overlay
{RHS 43A) near the young tips, changing to
brown (RHS 200B) as the growth hardens,
becoming fimn and stiff with a 2- to 3-mm
diameter. Stems older than two seasons are
brown {RHS 200B) and black (RHS 199D).
Annual shoot prowth is between 10 and 20
c¢m with 10- to 20-mm internodes. Single,
slender, 9- to 10-mm, yellow-green (RHS
148D) thoms are found at most nodes. Lea-
ves are altemate down long shoots and
whorled in rosettes on spur shoots, usually
with two to four leaves at cach node. Leaves
are simple, glabrous, obovate lo spatulate-
oblong and 20 10 40 mm long and 15 to 23
mm wide with entire margins and pinnate
venation (Fig. 3}. The adaxial surface of
developing eaves in full sunlight conditions
is yellow (RHS 6A to 6C, 7A to 7C, and
10A) and the abaxial surface is yellow (RHS
10B 10 10D). The new growth has a red col-
oration (RHS 43A) visible for a period at the
leaf margin. Under full sunlight conditions,
the adaxial surfacce of fully expanded shaded
leaves on the interior of the plant ranges from
green o yellow-green (RHS 141A through
144A}, whereas leaves on the outside of the
plamt receiving full sunhght are yellow (RHS
HLA-11D). The abaxial surface of fully
expanded leaves is yellow (RHS 11B through
11D) under full sunlight exposure, but green
(RHS 138B) for shaded interior [eaves.
Petioles range from | to 12 mm long with a 1
mm 1n diameter and upper and lower surface
colors of yellow (RHS 120).

Fig. 3. Companson of leaves from cach sterle
Berberts thunbergn culuvar with leaves from
the respective maternal  parent  genotype
{A} "UCONNBTCP4N" (B} “Camson Pygmy’
(C) "UCONNBTBO3Y (D) var atroprpurnca
{E) 'UCONNBTBME' (F) *UCONNBTBIY

" Rulerdr arc 1 mm

(G) *Boy
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Fig. 4. Berheris thunhergii “UCONNBTB03Y". (A) Container-grown {-gallon plants at the beginning of their
second summer of growth since propagation. These planis were rooted from softwood CURINES TWO Sum-
mers carlier. (B) Large, gencrally solitary fowers at each node (C) A field-grown plant in spring.

Inflorescences are cymose, with a diameter
of 21 to 25 mm and a length of 10 to 20 mm
and contain three 1o six flowers, Flowering
occurs i April (Stonrs, CT) and Aowers per-
sist for 7 to 14 d depending on weather condi-
tions. Individual Bowers arc 5 to 7 mm long
and 10 to 13 mm in diameter and comprise a
single whorl of six petals and single whorl of
six 1o eight sepals. Petal color is yellow {RHS
12C) and sepals arc yellow (RHS 12C) on the
adaxial surface and ved (RHS 43A and 43B)
on the abaxial surface. Peduncles are 4 10 14
mm long and pedicels are 4 to 6 mm long;
both are yellow-green (RHS 154B). Fruits are
seldom produced but ripen in October, are
eiliptical, 7 to L0 mm long, and 4 10 5§ mm in
diameter with a red color near RHS 53B.

‘UCONNBTIBI I3 Plants of ‘UCONN-
BT113" are low, dense, and mounded with
meny branches, typically being wider than
1ali (Fig, 6). Plamis will be =30 cm tall and
60 cm wide in 10 years. New stems are yel-
low-green (RHS 154B) with an overlay of
orange-red (RHS 31A) toward the shoot tips,
changing 1o brown {RHS 200B) as the
growth hardeas, becoming finm and stiff with
a |- 10 2- mm diameter, Stems older than two
seasans are black (RHS 199D). Annual shoot
growth 1s between 3 and 6 cm with 5- to 12-
mm intemodes. Single, slender, 5- 10 6-mm,
yellow-green (RIS 154B) thoms are found at
most nodes. Leaves are altemate down Jong
shoots and whorled wn rosettes on spur shoots,
usually with two to four leaves at each node.
Leaves are simple, glabrous, obovate 1o spat-
ulatc-oblong and 15 1o 30 mm long and 9 to
13 mm wide with entire margins and pinnate
venation (Fig. 3). The adaxial surface of
developmg [caves i full sunlight conditions
15 yellow (RHS 1A and LB and 7A 10 7C)
and the abaxial surface is yellow-green (RHS
145A and 145B). The new growth has
orange-red coloration (RHS 31A) visible for
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a period at the leaf margin and on the new
shoots. Under full sunlight conditions, the
adaxial surface of fully expanded shaded
leaves on the interior of the plant ranges from
green (RHS 137A and 137B) through yel-
low-green (RHS 144A), whereas leaves on
the outside of the plant receiving full sunlight
are yellow-green (RHS 6A to 6C, 7A to 7C,
and 10A and 10B). The abaxial surface of
fully expanded leaves 15 yellow (RHS 11A 10
{1D) under full sunlight exposure, but green
(RHS 138B) for shaded intenor leaves.
Petioles range from 1 1o 10 mm long with a

|-mm diameter and upper and lower surface
colors of yellow (RHS 10A).

Inflorescences are cymase, with a diameter
of 18 to 25 mm and a length of § to 18 mm
and contamn three or four Aowers. Floweting
occurs in Apal (Storrs, CT), and fowers per-
sist for 7 to 14 d depending on weather condi-
tions. Individual flowers are 3 to 6 mm long
and 8 to 12 mm in diameter and comprise &
single whorl of six petals and single whorl of
siX o eight sepals. Petal and sepal color is yel-
low (RHS 12C) on both the adaxial and abax-
1al surfaces. Peduncles are 4 to 14 mm long
and pedicels are 4 to 6 mm long; both are yel-
low-green (RHS 154B). Fruits are seldom pro-
duced but ripen in October, are elliptical, 8 1o
11 mm long, and 4 to 5 mm in diameter with
a red color near RHS 53B.

Evaluation of Male Fertility

Male fertility was only assessed for
"UCONNBTCPIN'. Viability of pollen from
three diploid ‘Crimson Pygmy" plants and 16
'UCONNBTCP4N" plants were compared.
Acelocarmine staining was used (o evaluate
structural soundness of pollen and in vitro
germination was used to evaluate pollen via-
bility. Sixteen open flowers were collected
from each of the 13 planis between 7 and 9
M and immediately brough to the laboratory
for pollen collection. Whole Aowers were
placed in 60-mm glass pet dishes held at a
shght incline and 2-mL of n-pentane was
added to each dish to release the sucky pollen
inherent to Berberis spp. from the anthers
(Cadic, 1992) For cach plant sampled, 12
flowers were used for in vitro germination
and four flowers were used for acetocarmine
stanving, Flowers were soaked in the n-pen-
tane solution for =1 min, afler which tme

Fig. 5. Berheris thimbergu "UCONNBTBO48 . (A) Conlainer-grown 1-gallon plants at the beginmng of their
second surnmer of growth since propagation. These plants were rooted rom softwood cuttimgs two sum-
mers eachier (B) A field grown plant in sprng. (C) New shoot growth in the spning showing red stems and
bright yeliow leaves with red edges. {D) Fohage in the spring before long shoot extension
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Fig. 6. Berheris thunbergn "UCONNBTBLI3'. {A) A ficld-grown plant in spring. (B} Foliage in the
spring just ai the onsel of long shoot extcnsion. (C) Container-grown [-yallon plants at the begin-
ning of their second summcr of growth since propagation. These plants were rooted from softwood

cuttings two summers earher.

cach flower was held by the pedicle with for-
ceps, swirled i solution to facilitate polilen
grain release, and finally removed and dis-
carded. The n-pentanc solution was allowed
to volatihize leaving only the pollen grains in
the petn dish. The inclination of each dish
caused the pollen grains to settle in a confined
area, which allowed for the use of less solu-
lion o resuspend all grains collected.

For acclocarmine staining, 45 pl. of 0.5%
acctocarmine slain was added to the poin
dish and pipettc-mixed to suspend the pollen
in stain solwion. The 45 pL of stan contan-
ing suspended pollen grains was then trans-
ferred to a standard microscope shde and
heated 3 times for 5 s each over a hot plate
set lo low. A cover slip was applied. and the
preparation was allowed to incubate al room
temperature (23°C) under ambient light for
30 min. Stained pollen grains were observed
on 2 compound microscepe under 100% mag-
nification. Microphotographs were taken of
multiple ficlds for cach sample and used for

Tablc 1. Sced production of Berberts thinbergii "'UCONNBTUPAN' (n
6) over 16 growing scasons {rom 2006 10 2021, tnitiatly os conttwner-grawn plamts and then as ficld grown plants.

{n = 1) and "Crimson Pygmy” (n

pollen sconng. Pollen grains that were well-
staned and well-formed were scored as via-
ble with =200 grams scored per sample. Pol-
len viability was caleulaied by number of
pollen grains scored as wviabl/mumber of
grains counted.

For in vitro germnation of pollen gramns,
150 L of liqud polien germination meda
was added to each petri dish and pipeite-mixed
to suspend pollen mn germination media. Ger-
mination media was prepared according to
Brewbaker and Kwack (1963) and optimized
for germination of ‘Crimson Pygmy® pollen
and contained sucrose (180 p/L), boric acid
(0.1 /L), potassium nurate (0.1 g/L), calcum
mtratc (0.3 L}, and magnesum  sulfate
(0.2 g/L). The 150 pL of pollen germination
media containing suspended pollen grams was
transferred in three 45 L. portions to three
22 % 30 mm cover shps 1o create three repli-
cates of each sample. Humidity chambers were
created wsing 100-mm glass pem dishes lined
with most filter paper. Cover shps with drops

301, 'UCONKRTRO039" (n

13, "UCONNBTBO048" (n

of germination media were placed in the hu-
midity chamber and allowed to incubate at
room temperature (23 °C) under ambient hight.
After 6 h, cover shps were applied to a standard
glass slide, invenied and observed on a com-
pound microscope under 100x magnification,
Microphotographs were taken of multiple ficlds
for each sample and used for pollen sconng.
Pollen grains with tubes at least as long as the
diameter of the grain were scored as germinated
and therefore viable. Pollen viability was calcu-
lated by number of pollen grains scored as via-
ble/number of pollen grains counted.
Acclocarmine staining showed that 86% of
*Crimson Pygmy' pollen was viable and 83%
of ‘UCONNBTCP4N’ pollen was vinble. Pol-
len germination tests showed that 40°% of
*Crimson Pygmy” polten would germinate and
29% of ‘UCONNBTCP4N' polien would ger-
minate. On the basis of acelocarmine siaining
and pollen pgermination data, ‘UCONNBT-
CP4N' and ‘Crimson Pygmy" may have simi.
lar male fenility;, however, no studies were
conducted 10 evaluate whether "UCONNBT-
CP4N" pollen could successfully produce seeds
on either diploid or tetraploid matemal plants.

Evaluation of Female Fertility

Evaluation of female fenility was con-
ducted over the life of the plants starting from
the germinated seed or rooted microcutting.
Plants were evaluated for seed production in
comtainers for either 3 years ("UCONNBT-
R048' and ‘UCONNBTBI113") or § years
{"'UCONNBTCP4N" and *UCONNBTB039").
All culuvars were then evaluated for seed pro-
duction in the field for 11 additional years.
When evaluated in containers, planis were
grown n a research container nursery directly
adjacent 10 a large field planting of 45 diploid
B thunbergit caluvars as well as being mixed
ameng more than 130 unique teraploid geno-
types under evaluation in containers. Dunng
field evaluation, plams were interplanted in the
field with the 45 diploid barberry cultivars as
well as the numerous tetrapleds selected for
continuing evaluation. Plants under evaluation
were provided every opportumity 10 culcross
with both diploid and tctraplowd genotypes,
so sclf-mcompaubility and incompatibility of
plowdy types should not be thc causc of
observed low seed st Six plants of the fertile
diploid ‘Comson Pygmy’ were wicrplanted
direcity among the “UCONNBTCP4N' plants

1, "UCONNBTBH Y

Number of sceds per plani

Containers Field planung
Culuivar 2006 2007 2008 2009 2010 2000 2012 2013 2014 2005 2006 2017 2018 2019 2020 2021
UCONNBTCP4N [4] 0 0 0 [} 0 [ 03 1.5 )] 0.2 0 0 0 [ 0
UCONNRBTRO39 0 0 0 0 0 & 1 | 0 0 0 0 ¢ 0 [ 0
UCONNBTROME NA* NA 0 0 0 0 0 ] 0 V] 1] o 0 0 [} 0
UCONNBTBII3 NA NA [}] 0 0 0 0 0 a 0 ] i3 0 0 0 0
Crimson Pygmy NCY NC NC NC NC NC NC 886 783 581 809 622 NC NC NC NC
*NA indicates thal plants were niot available 1 these years.
¥NC indicates that secds were not counted in these years.
HorTSCIENCE Vor. 57{4) ArmiL 2022 585



under evaluation to serve as a known fertile
control genotype,

Each year in October, as fiuit became
fully ripe, frus were harvested from the
cvaluation plants and secds were extracted
and counted. The small number of seeds that
were produced on ‘UCONNBTCP4N" and
‘UCONNBTBO039" were cleaned and mixed
with damp sand and cold stratified for up to 90
d at 42 °F in plastic baggies. Following strati-
fication, sceds were sown, and gennination
was evaiuated. Germinated seedlings were
grown out and flow cylometry was conducted
to determine the ploidy of the seedlings.

During the early evaluation period, when
plants were imtially grown in containers, tet-
raploid genotypes were found to vary dramati-
cally in their female fervlity. Most fetraploids
exhibited significantly reduced seed produc-
tion in comparison with diploids. Tetraploids
varied from producing no seeds to more than
200 seeds per plant. Genotypes that produced
seeds in contamers were discarded and only
seedless genotypes were carried forward.

All four new cultivars were sterile or near
stenile over the study peried from 2006 10 2021
(Table [). "UCONNBTB048' and ‘UCONN-
BTB113* did not produce any seeds during
the entire evaluation penod. In most years,
‘UCONNBTB039" produced no sceds, but
there were 2 years, 2012 and 2013, when one
seed per plam was observed. 'UCONNBT-
CP4N’ did not produce seeds in 13 of 16 years
but did produce 1.5 or lewer seeds per plant in
3 years.

These are extremely low seed production
numbers for Japanese barberry. Fertile ‘Crim-
son Pygmy" plants intetplanted with sterile gen-
otypes under evaluation produced between 622
to 886 sceds per plamt depending on the year,
with an average of 736 seeds per plant per year
over a 3-year period (Table 1). Brand et al.
(2012) reported that =~6-year-old fentile var.
atropurpurea produced 1179 sceds per plant
per year and fertile *“Bogozam® produced 141
sceds per plant per year. Many fertile Japanese
barberry cultivars have been shown to produce
scveral thousand seeds per plant per year as
az6-year-old plants. Brand e al. (2002) esti-
mated establishiment rates for many Japancse
barberry cultivars using cumulative 2-year seed
germination values and seedling survival rates
in a woodland setting. Using the predicted seed-
fing establishment rate of 0.026 for *Crimson
Pygmy’ (Brand et at, 2012), we can estimate
that our sterile cultivar 'UCONNBTCPAN® can
be expected to produce between O and 0.04
scedlings to a woodland arca cach year, Estab-
lishment of seedlings from ‘UCONNBTB0Y",
‘UCONNBTBO048", and ‘UCONNBTBLIY in
a woodland would be cven lower than for
*UCONNBTCP4N". Litnited germination test-
g showed that some of the seeds from sterile
cultivars could germinate and grow into seed-
lings. Recovered seedlings were found to be
tetraploids.

Black Stem Rust Resistance Testing

Plants were tested at the USDA-Agri-
cultural Research Service Cereal Disease
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Laboratery in St. Paul, MN, in 2016 and
agam in 2021 for suscepubility to black stem
rust (BSR) of wheat. Planis with soft, new
shoot growth were inoculated with germinat-
ing teliospores of Puccinia gruminis when
the new leaves were deemed to be receptive
for infection by the stem rust pathogen, Ber-
beris vulgaris and B. chinensis were used ag
positive rust susceptible controls and tests
were only considered adequate when these
two species developed heavy infections with
pyenia and aecia in the same challenge exper-
iment. A 1otal of 12 plants and 24 tests were
conducted on 'UCONNBTCP4N', 14 plants
and 27 tesis on *UCONNBTB039", 13 plants
and 26 tests on ‘UCONNBTB(MS", and 14
plants and 25 tests on ‘UCONNBTB]13".
All tests showed that the four genotypes of
barberry were immune to infection by P. gra-
minis, and the genatypes were deemed 10 be
resistant to BSR. On 5 Sept, 2017, all four
genotypes were added 1o the Federal Register
list of rust-resistant Berberis and Mahonia
species and vaneties {USDA Animal and
Plant Health Inspection Service, 2017).

Propagation

Vegelative propagation can be accom-
plished using softwood cuttings in a way that
is similar to commercial propagation of other
Japancse barbery cultivars. Sermfirm cuttings
should be taken in late June through mid-July
{Connecucut), given a basal dip in 3000 10
5000 ppm indole-3-butytic acid, and stuck in
75% sand:25% peatmoss. Intermitent mist
should be used, but must be kept 10 as mini-
mal an amount as possible. The sterile culti-
vars are somewhat more difficult to root than
many cxisting B, thunbergii culivars, proba-
bly due to their polyploid nature. Over three
rooling scasons, ‘UCONNBTCPAN" rooted
at 45% to 66%, "UCONNBTB039" rooted at
72% 1o 84%, 'UCONNBTB(48' rooted at
60% 10 78%, and ‘UCONNBTBI!13" rooted
at 43% 10 63%. Rooted cullings overwinter
without significant losses and grow out well
the following spring. Plants propagated by cut-
tings reigin their unique features, are stable,
and temain true-to-type aver successive gener-
ations of asexuel propagation,

Conclusion

Japanese barbemy cultivars have been pap-
ular landscape plants because they are easy Lo
produce, perform well in many challenging
landscape situations, are resislant to deer
browse, have compaet habits, and come in dif-
ferent forms with red, yellow, or green summer
foliage. Existing cultivars have been docu-
mented to be too fecund, are bighly invasive,
and their use has been discouraged or made
illegal. The new cultivars UCONNBTCP4N,
UCONNRTB039, UCONNBTBO48, and
UCONNBTBI L3 arc compact; come in red,
green, and yellow foliage forms, are essentially
seedless, are not invasive, and can be safely
used for landscaping purposes. [n addition, the
four new cultivars are all resistant 10 black
stem rust and do nol put wheat crops at risk,

Availability

The four sterile genotypes of Berberis thun-
bergii were licensed exclusively to SynRG, an
independent retail-grower coltaboration. As a
group, the four culivars are marketed as
WormryFree™ plants i recognition of their ster-
ile condition. All four cultivars have been pat-
ented by the University of Comnecticut-
Farmingion as follows: ‘UCONNBTCP4N®
{PP30,095). 'UCONNBTB039' (PP20,128),
‘UCONNBTBO043" (PP30,127), and ‘UCO-
NNBTB!13" (PP30,094). ‘UCONNBTCP4N"
holds the trade name of Crimson Cutic®,
‘UCONNBTBO039" holds the trade name of
Mr. Green Genes®, ‘"UCONNBTBO4S' holds
the trade name of Lemon Glow™ and 'UCON-
NBTBII3" holds the trade name of Lemon
Cutic®.
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Evaluating the Fecundity of Rhamnus frangula
(Glossy Buckthorn) Cultivars through Seed
Yield, Seed Size, and Germination

Jackie D. Edgett! and Mark H. Brand'

Keyworos. infertile, invasive plants, noninvasive, arnamentals

AnsTRACT. Invasive plants are nonnative to a region and can outcompete native
plants, causing ecological harm, Rbamnus frangula L. is an invasive shrub in the
United States, although cultivars are still commonly used for landscaping
purposes, especially in the Midwest, The fecundity of the R. frangula cultivars
*‘Columnaris’ Tall Hedge (TH), ‘Ron Williams’ Fine Line® (RW), Advanced Line 1
(ALL1), and Advanced Line 2 {AL2) was evaluated through Fruit production, seed
production, sced size, and germination rates. Fruit was collected from these cultivars
planted outdoors in the ground, and seeds were cdleaned from the fruits. Seed
germination was conducted under intermittent mist over 9 weeks. Over the 2 years
of fruit collection, the three narrow-leaved cultivars (RW, ALY, and AL2) had
greatly reduced fruit and seed production compared with TH. The RW, ALL, and
AL2 cultivars produced an average of 79.1, 3.63, and 0.63 fruits, respectively, and
167.0, 6.75, and 1.00 seeds, respectively, per shrub in a year. Seed size was
significantly smaller for RW and AL] compared with TH, and RW also had a lower
germination rate than TH. The low seed production of the narrow-leaved cultivars
compared with TH suggests that these cultivars would be a betrer choice for
landscaping use because they are less likely to produce large seed crops which could
establish invasive populations, The reduced seed size and germination rate of RW in
comparison with TH further suggests a lower invasive potential, as seeds are Jess
likely to germinate and establish. Overall, the R firungula cultivars, RW, ALL, and

ALZ may be less likely than TH to contribute to invasiveness.

onnative invasive plants can
take over and cause environ-
mental harm to a tandscape,

outcompeting natives and disrupting
the local ecology (Simberloff er al.
2013). Invasive plants have high fe-
cundity {Jelberr et ab. 2015), vigorous
and rapid growth (Graebner et al,
2012), and are adaprable to ditferent
types of habitats (Funk 2008). Rbam-
nus franguln L. (Frangula alnus P,
Mill.), commonly known as Glossy
Buckrthorn, is a deciduous shrub inva-
sive to North America. R. finngnla was
inroduced to North America fisst to
Ontario { Feappier ¢t al. 2003) and later
to the midwestern United States for
wildlife habitat improvement (Webster
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et al. 2006). It now inhabits eastern
North America from southeastem Can
ada south to Tennessee (Gucker 2008).

Its original native range extends
from Europe 10 northem Africa to
western Asia (Rehder 1927). It is in
the Rhamnaceae family, which also in
cludes another invasive shrub ro the
Unired States, R. cathartica L. (Com-
mon Buckthorn) and a United Stares
native shrub, Ceanothus americanus
L. (New Jersey Tea). The habit of R.
Srangula is a rall shrub or small tree
growing up 1o 7 m tall, and can be
single or multisterimed ( Gucker 2008).
The leaves are ovare to obovate-oblong
(Rehder 1927; Fig. 1A}, and cultivars
such as *Ron Williams’ and *Asplenifo
lia* can have linear to linear-lanceolate
leaves (Fig. LB). The flowers are
small, nonshowy, and vellow in color
(Fig. 2A).

Various cultvars of R. finngula, in
cluding *Aspkenitolia® { AS), “Columnaris®
Tall Hedge {TH), ‘Ron Williams® Fine
Line® (RW), Advanced Line 1 (AL1),
and Advanced Line 2 (AL2), are all tar-
geted for landscaping purposes. The nar-
row-leaved cultivars (AS, ALL, AL2, and
RW) all have lincar to linear-lanceolate

leaves, whereas TH has ovate leaves ypi
cal of the R. frangieln species. The nar-
row upright habit, dense foliage and tall
habit make it an amractive option for
shrub hedge rows. The narrow-leaved
cultivars all have namow upright habits,
while ALl and AL2 arc shorter plants
with more dense foliage.

R. frangula produces large amounts
of glossy black drupe fruits thac ripen
from July through September (Gucker
2008; Fig. 2B). The fruits are well
liked by various specics of birds {Craves
2015), and the laxative property in the
fruit makes the birds an ¢ffective mode
of spread for this plant (Michigan De
partment of Natural Resources 2012},
The original spread of the specics from
the midwestern United States is thought
to be atributed 1o European stardings
{Howell and Blackwell 1977). Each
fruit contains up to four seeds (Michi:
gan Department of Natural Resources
2012), with an average of 1.5 seeds
per fruit {Gucker 2008).

R. frangula’s invasivencss and
ecological damage can be partly attrib-
uted 1o its vigorous growth and dense
canopy cover, which can shade out un:
derstory plants and saplings (Fagan and
Peart 2004; Krock and Williams 2002).
R. frangula is also adaptable and can in:
vade various habitats (Sukachev 1928).
It especially establishes in disturbed
lands, but it also thrives in and colonizes
wetlands. Glossy Buckthom invasivencss
is also due to high propagule pressure
from numerous seeds produced in sites
that have unfavorable environmental
conditions (Berg et al. 2016).

In this study, we used fruit pro-
duction, seed production, seed size,
and sced germination percentage as
predicrors of the invasive porential of
four R. franguia cultivars. The objec:
tive of this study was to determine if
there are cultivars of R. frangula that
have reduced fecundity and are suit:
able for landscaping use. Similar fe
cundity studies have becn performed
on other invasive species including var
ous species and cultvars of barbenry
( Berberis spp.; Lehrer ctal. 2006), but-
terfly bush ( Buddleia spp.; Anisko and
Im 2001}, winged cuonymus ( Enenvinus
alatas, Brand et al, 2012), and the R.
Srangula cultivars *‘Columnaris’ and
*Asplenifolia® (Wheeler and Starrett
2001). Wheeler and Starrert (2001)
concluded that *Asplenifolia® may have a
lower invasive patental than TH duc to
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Fig. 1. Rbamnus frangwia cultivars (A) ‘Columnaris’ with ovate leaves and

(B) ‘Ron Williams® with lanceolate leaves,

its lower sced germination rate. In this
study, it is hypothesized that other linear/
lanceolate-leaved cultivars will show a sim
ilar reduced invasve potential compared
with the broad-kaved TH cultivar,

Materials and methods

This study was performed from
2021 ro 2023, Four culuvars of R.
Srangula, AL1, AL2, RW, and TH
were grown in the field at the University

Fig. 2. Rbamnus franguia (A) small, but numerous yellow flowers and (B) glossy
black Fruit.
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of Connecticut, Stonvs, CT. Plants were
installed in the field in Sep 2020 and
were provided trickle irrigation as
needed during the 2020, 2021, and
2022 growing seasons. Culwvar plant-
ings (one plant per experimental unit)
were arranged with four replications
and in a randomized complete block
design (RCBD}.

Fruits were harvested in 2021 and
2022 from the plants every 2o 4 d as
they apened from July to August, and
every 7 to 10 d when fruit ripening
slowed during September through
November. As the fruits were harvested,
they were counted, and the seeds were
cleaned from the fuit with deionized
water. Seeds were counted and stored
in plastic sandwich bags at 38 °C unuil
the end of November when seed collec:
tton ended.

In 2021, warer washed sceds were
further cleaned with a 10% bleach solu-
ton, thoroughly rinsed, and allowed
to air dry. These seeds were fater scari-
fied by soaking them in 12 N sulfuric
acid for 7 min, followed by repeated
rinsing with water, based on the rec-
ommendatons of Heit (1968) to use a
20-min acid scarification treatment.
Scarified seeds were put into a moist
ened fine sand in sandwich bags with
three times or more the amount of
sand than sceds and stratified ar 38 °C
for 90 d. After stratification, seeds
were soft and not suitable for germi-
nation because of the sulfuric acid
treatment.

In 2022, seeds were cleaned with
deionized water, but no bleach treat-
ment and no acid scanfication were
used. Seeds were stratified as described
for 2021. After stratification, sceds
from TH and RW cultivars, where
there were enough seeds for germi-
nation tests, were put into Connecti-
<ut flats containing ProMix FPX Bio-
fungicide Fine Germination Media
{ Riviére-du-Loup, QC, Canada). Seeds
were covered with | mm of media. An
experimental unit was 25 seeds of one
culovar in one tray (or block). The ex-
periment was arranged in a randomyzed
complete block design with cighe repli
cagons. Trays were put under intermit
tent mist in a greenhouse with set
puints of 21/17 °C day/night tem-
perature thresholds, and the number
of germinated seeds (as defined by a
radicle emergence or seedling emerg:
ing through the media) was recorded
weekly.
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Darta were anzglyzed in SAS Ver-
sion 9.4 (SAS Institute, Cary, NC,
USA) using Tukey’s honestly signif-
icant difference mean scparation (P =
0.05) with the GLIMMIX procedure.
Logarithmic transformation was used
for mean secparation between fruit
counts and seed counts. Arcsine
transformation was used for mean
separation between germination per-
centage data.

Results and discussion

Combined over 2021 and 2022,
the TH cultuvar had the highest number
of fruit and sceds per plant compared
with other cultivars. TH produccd
591.9 fruit per plant, while RW had
79.1 fruit per plant, AL1 had 3.63 fruit
per plant, and AL2 had 0.63 fruit per
plant (Table 1). TH produced 1257
sceds per plant, RW had 167.0 sceds
per plant, AL had 6.75 seeds per plant,
and AL2 had 1.00 sced per plant. The
lower propagule producton from the
RW, ALL, and AL2 cultivars may result
in a lower invasive potential for these
cultvars since propagule production is a
critical component in promotng inva-
siveness of R. frangula (Berg et al.
2016). The disparity in number of
fruit and seeds per plant benween the
different cultivars is partially due to
differences in the duration of fruiting.
The TH cultivar was observed 1o pro
duce fruit from July to November in
both years, with most of the fruit har
vest occurring in July. In contrast, the
narrow-leaved cultivars only produced
truit from August to November,

For both years, plants averaged
berween 1.51 and 2.12 seeds per fruit
tor all cultivars {Table 1). The ratio of
fruit to seeds did not show any signifi-
cant trends between culivars ar P <
0.05. TH did have a significantly greater
numbkr of sceds per fruit than both AL
and AL2 when P= 0.10, RW also had a
significantly greater number of seeds per
fruit than Al2 at P =< 0.10. Due to very
few fruits of AL2, the accuracy of this dif’
ference may be diminished.

For second year fruits, TH had
significantly greater sced weight than
any other R. frauguin cultivar tested
(Table 1; Fig. 3) with weight of 50
sceds being 1.63 g for TH, 0.95 g for
RW, and1.26 g for AL1. Studics have
found for various species that heavier
sceds had betrer survival as compared
with lighter sceds of the same specics
(Cicek and Tilki 2007; Morse and
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Table 1. Pruit and seed counts and ratio for four Rbamnus frangsla cultivars
combined for 2021 and 2022, as well as sced weight and germination for 2022.

Wt per Sced
No. of fruits No. of seeds  Sceds-to- 50 seeds germination
Cultivar per plant per plant _ fruit ratio_ (g) (%)
*Columnaris’ 5919 2 1257.0 a 2.12a 1.63a 4702
‘Ron Williams® 79.1b 167.0 b 210a 095 b 05b
Advanced Line 1 36b 680b 1.81a 1.26 b 3.3ns
Advanced Line 2 06b 10b 151a — —

! Lower ¢ase kotrers in columns with the same letier are not significandy different by “Tukey's honestly sl
cane difference (HSD) s a0 P> 0,05 (n = 8, 0 = 4 for the weight per 50 sceds).

“Ihe swced germination ponentage was caleulated vut of 200 seeds exiep for Advanced Line 1 where the per
centage was cakulared out of 30 wal sceds which was not sigrificanc due to the insufficient number of sceds

No seeds were available 1o conduct germination tests for Advanced Line 2.

Schmitt 1985; Samreen and Shaukat
2000; Schaal 1980). There is also a
correlation of higher seed size of a
species in its invasive range than in its
native range, suggesting that larger
seeds may be favored in the invasive
range {Daws et al. 2007). The greater
seed size of TH compared with the
three narrow-leaved cultivars may

‘Columnaris’

|
\.

sugpest that TH seedlings would have
a greater advantage in establishing in
unmanaged areas than the narrow-
lcaved cultivars.

Germination of TH seeds at 47%
was greater than germination of RW
seeds at 0.51% after 9 weeks (Table 1;
Figs. 4 and 5). Comparisons could
not be made to ALl and AL2 for

‘Ron Williams’ Advanced Line 1

Fig. 3. Seeds from left to right of Rhamnus franguls ‘Columnaris’, ‘Ron Williams’,
and Advanced Line 1. Ruler tick marks are 1 mm apart.
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Fig. 4. Germination percent for Rksmnus frangula ‘Columnaris’ and ‘Ron
Williams’ seeds over 9 wecks following sowing,

Fig. 5. Typical germination of 25 Rbamnus frangula ‘Columnaris’ sceds (top) and
25 ‘Ron Williams' seeds (bortom). The single seedling from ‘Ron Williams' seed
was the only scedling obtained from that genotype.
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germunation due 1o too few seeds pro-
duced by both of these cultvars. Thirty
AL1 seeds were pur under the same
conditions as seeds from TH and
RW, and one of the seeds germi-
nated (3.33%). TH seeds started ger-
minating within 1 week of sowing
(Fig. 4}. TH continued to germinate
throughout the 9 weeks of the experi-
ment, but germination started to slow
at about week 6. In contrast, there was
only one seed that germinated for
RW, which germinated on week 7.
The one seed that germinated for
AL germinated in week 2,

The greater and faster germina
tion of TH in comparison with RW
suggests a lower invasive potential of
RW compared with TH. Germination
percentage, as well as the speed of ger-
mination, is important in determining
invasiveness due to an increased abilicy
to establish in disturbed arcas before
native plants can establish (Glona and
Pysek 2016). Furthermore, Glona and
Pydek (2016) suggest that germination
alone is insufficient ro determine the in-
vasive potential of plants. Further studies
could look at cultivar seed performance
at different remperature and light condi-
tons, since R. finngula seeds showed
variable gennination under different tem-
perature and fight conditons {Custodio
eral. 2023).

Kmght et al. (2011) also suggest
thar a low fecundity of culavars is in-
sufficient to determine the potential
invasiveness of a species due to off
spring potentially having similar fecun:
dity to wild-type genotypes. Therefore,
fecundity of cultvar offspring could also
be considered in future rescarch to be
more certain of the noninvasiveness of a
cultivar (Knight et al. 2011). We did
find that the scedlings of TH and the
aingle seedling of RW had similar mor
phology in leaf shape, suggesting that
the ofspring of RW may be more simi-
lar to the TH cuitivar than the RW par-
ent. It is too small of a sample size to
draw any sigruficant conclusions withoue
further study.

Seeds with some scanification, e
ther mechaneeal, or with a reduced tinwe
of sulturic acid exposure, may also pro-
duce different results or higher germu-
naton of seeds, similar to the effect of
scanficauon of R. cathartica (Kurylo
and Endress 2014). Rbamans species,
m nmature, are dispersed by binds which
scarify the seeds naturally.
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Conclusions

The results from this srudy suggest
that all three narrow-leaved cultivars
may be better options for fandscape
plants in comparison with TH because
of significantly lower fruit and seed pro-
ducton. The tower seed producton,
lower geemination rate, and smaller
seed size of RW compared with TH all
point to a reduced invasive porental of
the RW culdvar. The near zero fruit
and sced producton of the ALl and
AL2 cuoltivars over 2 years, and the
lower seed weight of ALL in compari-
son with TH also suggest a lower inva-
sive potentia) of these cultvars,
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Tim Wood

Spring Meadow Nursery, Inc.
12601 120th Ave.

Grand Haven, MI 49417

January 31, 2005

Dear Tim:

I am writing you regarding the research trials my graduate student, Adam Wheeler and | have
conducted with select cultivars of Rhamnus frangula (“glossy buckthorn™) here at the University
of Vermont over the past several years. The first trials we conducted examined the germination
of seeds of R. frangula ‘Asplenifolia’. We collected seeds from several established plants of this
cultivar growing on the University of Vermont campus. In replicated trials we attempted to
germinate the seeds under optimal conditions. We germinated seeds in either light or dark
conditions with an alternating day/night temperature. Also included in the study were locally-
collected seeds from the known invasive species and cultivars in this genus including: Rhamnus
cathartica (“common buckthomn™), Rhkamnus frangula (“glossy buckthom”), and Rhamnus
frangula ‘Columnaris’,

Seed germinated in 16 hours of light daily after 42 days of observation, resulted in the following
germination: R. frangula and R. frangula *Columnaris’ were comparable with germination of
66.7% and 64.9% respectively. Rhamnus frangula ‘Asplenifolia’ had substantially lower seed
germination (1.5%) while R. cathartica had the highest germination percentage (96.1%).

Seed germinated in constant darkness after 42 days of observation, resulted in the following
germination: R. cathartica, R. frangula, R. frangula *Columnaris’ and Rhamnus Jfrangula
-Asplenifolia” were all different with germination of 91.6%, 47.1%, 65.0%, and 2.4%
respectively. Again, seed of R. frangula * Asplenifolia’ had significantly lower germination.

What is also noteworthy is that the stock plants of R. frangula * Asplenifolia’ were striped
completely bare to obtain the seeds required for these studies. While we did not measure the
number of fruit per area of the stock plants harvested, it was obvious that plants of R. frangula

* Asplenifolia® produced significantly fewer fruit than R. frangula, R. frangula *Columnaris’ or R,
cathartica. The fruit that were harvested typically had 1 — 2 seeds per fruit while seeds of R.
frangula, R. franguia *Columnaris” or R. cathartica typically had 4 seeds in each fruit. Lastly,
close examination of the area surrounding the stock plants of R. frangula * Asplenifolia’ had very
few seedlings growing beneath the canopy or in areas adjacent to the stock plants. The seedlings
present ALL had the same cutleaf characteristics of the parent plant.

These seedlings of R. frangula * Asplenifolia’ were collected and grown at our horticulture
research station. These plants, like the parent plants, produced very few fruits/seeds.



Based on these results, the potential for R. frangula ‘Asplenifolia’ to become a noxious invasive
weed is very unlikely.

In a more recent study, [ received fruit collected from a mature plant of Rhamnus frangula ‘Ron
Williams’ (Fine Line™ glossy buckthom) from Spring Meadow Nursery. We cleaned the fruit
and extracted the seeds. Similar to R. frangula ‘Asplenifolia’, the fruit contained 1 - 2 seeds per
fruit. It was my understanding that the stock plants from which these fruit were collected were
also striped bare to provide sufficient fruit/seeds for this research trial. Again indicating that this
cultivar produces very few fruit annually despite ideal growing conditions.

In this trial, we only had sufficient seeds to conduct the study in the light (16 hours/day). We
selected this treatment as this treatment provided generally the greatest germination of the other
species and cultivars of Rhamnus investigated in the first research study. In this study we
germinated seeds from R. frangula, R. frangula * Asplenifolia’ and R. frangula ‘Ron Williams’.
After 42 days following sowing, the germination percentages were: 83.7%, 0%, and 12%
respectively. Also of note is the fact that the seeds from R. frangula ‘Ron Williams’ germinated
sporadically over the 42 days of observation. The bulk of the seeds of R. frangula germinated in
2 - 3 weeks whereas the few seeds from R. frangula ‘Ron Williams’ that did germinate took 3 -
4 weeks. This slower germination rate suggests that there is a problem with the embryo or
mobilization of seed storage reserves. A slower germination rate under the ideal conditions
utilized also translates to presumably less germination potential under unfavorable conditions.
The longer a seed takes to germinate, the greater the chances it will succumb to pathogens or
insect damage in the outdoor environment.

Like R. frangula " Asplenifolia’, the seedlings which resulted from those germinated from R.
Jrangula ‘Ron Williams’ also all demonstrated a similar cutleaf characteristic as the parent plant.
The scedlings were not retain by us at the University of Vermont but instead were shipped back
to you at Spring Meadow Nursery for further evaluation so I cannot comment on the amount of
fruit these seedlings produced.

However, based on the seed germination characteristics of R. frangula ‘Ron Williams®, the
sporadic and protracted time necessary for germination, suggest that this cultivar also has little
chance of becoming an invasive threat in a managed landscape.

If [ can be of further assistance, please do not hesitate to contact me.
Sincerely,
Mark C. Starrett
Assoc. Professor of Horticulture

Mark, Starretticduvm.edu
802-656-0467



Sterile cultivars (or close to it) — is this a viable option
for the nursery industry?®

M. Branda

Department of Plant Science and Landscape Architecture, University of Connecticut. 1376 Storrs Rd., U-4067,
Storrs, Connecticut 06269-4067, USA.

INTRODUCTION

Some popular landscape plants have proven over time to exhibit invasive tendencies.
The realization that these plants are invasive has led to legal bans of known invasive
ornamental species in some states. For example, Berberis thunbergii and Euonymus alatus
have been illegal to grow, sell, and transport since 2004 in New Hampshire and since 2009 in
Massachusetts. In 2013, New York began a legal phasing out of Berberis and Euonymus, and
Minnesota and Wisconsin have initiated partial bans on the most fecund Japanese barberry
cultivars.

Many of the characteristics that make plants invasive, also make them good landscape
plants. Invasive plants are typically tough adaptable plants that perform at a high level in
managed landscapes. In addition, they often are highly ornamental and some are
unpalatable to deer, making them even more useful in regions where deer populations have
exploded. Use of native species or non-invasive exotic species as alternatives to invasive
species has had some success. However, there are some invasive species for which it is hard
to find replacement plants that provide the same set of ornamental characteristics and
landscape performance traits that are delivered by the invasive plant. For these hard to
replace invasive species, there is considerable interest in the development of sterile forms of
these plants. Gagliardi and Brand [2007) found that the green industry strongly supported
the development of sterile forms of ornamental plants as a solution to the invasive issue.

DEVELOPING STERILE FORMS OF INVASIVE PLANTS

Species undergoing breeding work

Several university and arboretum plant breeders are focusing considerable effort on
development of sterile forms of important landscape plants that are invasive. The list of taxa
that breeders are working on includes Acer platanoides, B. thunbergii, Buddieja davidii,
Caompsis, Cotoneaster, E. alatus, Hibiscus syriacus, Hypericum, Ligustrum, Malus, Miscanthus,
Prunus, and Spiraea. We are just beginning to see some of the bred sterile plants enter the
market. An example of sterile plants that have been big sellers recently are some of the
newer Buddiejo hybrids that are either completely sterile, or produce much reduced
numbers of seed.

Breeding and evaluating plants for sterility is a long-term process, which can be
technically challenging. In addition to the challenges inherent in developing sterile plants,
there are many other impediments to the use and acceptance of sterile landscape plants.
Some states already have legislative bans of invasive species in place. These bans include all
forms of a species, including horticultural cultivars. In states with existing plant bans, new
legislation will be required that will allow for exemptions for sterile cultivars before they can
be used. Reversing existing legislation is often even more difficult to make happen than
establishment of the original legislation. Undoubtedly there is also some loss of market for
particular species where plant bans have been in effect. Customers who have gotten the
message about the invasiveness of a particular species will need to be re-educated about
new sterile forms in order to overcome concerns they now have about invasiveness.

*E-mail: mark.brand@uconn.edu
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Public trust issues

In a broader sense, there are probably some significant trust issues the public will
have with sterile cultivars of invasive ornamentals. To a great extent this lack of trust stems
from the public's poor understanding of plant genetics, plant growth, and plant reproductive
biology. Further exacerbating this situation are "pseudo scientists” who use the internet and
other venues to spread their conviction about sterile plants, which is often not founded in
scientific fact or evidence,

Misinformation about two ornamental plants, Lythrum virgatum ‘Morden Pink’ and
Pyrus calleryana ‘Bradford’, has placed a great mistrust of plant breeders and the nursery
industry in the public’s psyche. Almost without exception, when presenting the topic of
sterile invasive plants to the gardening public, or general public, | am questioned about
whether [ can “guarantee that the plants | breed won't revert or change to fertile plants like
Morden Pink loosestrife or Bradford pear did” Information about L. virgatum ‘Morden Pink’
from the Agriculture Canada Morden Research Center was misinterpreted initially and some
catalogs listed the genotype as sterile, even though it was known to be female fertile by the
scientists working with it. ‘Morden Pink’ was used in crosses to create ‘Morden Gleam' and
‘Morden Rose’ clearly demonstrating a lack of sterility. Incorrect plant catalog information
became “fact” over time and soon everyone believed ‘Morden Pink’ was sterile. To make the
situation worse, isolated garden plants of ‘Morden Pink’ appeared sterile to growers and
gardeners because of the complex tristylous reproductive mechanism used to force
outcrossing in this genus (Anderson and Ascher, 1993). In tristylous plants, the combination
of flowers styles and stamens on each genotype will be short, medium, and long in length.
Only stamens and styles of the same length produce seed set. Therefore, ‘Morden Pini’ has
to outcross with another genotype in order to match its style length with another genotype
or species with appropriate stamen length. When other Lythrum genotypes or species are
present, ‘Morden Pink’ produces lots of seed.

Pyrus calleryana ‘Bradford’ is another ornamental plant that has added to the public's
negative perception about sterile plants, P, calleryana was brought to the USA as a fire blight
resistant rootstock and for potential use in breeding to incorporate fire blight resistance into
P communis (Whitehouse et al, 1963a). Many sources incorrectly state that ‘Bradford’ was
bred to be sterile. However, it was a seedling selected from seed obtained from China
(Whitehouse et al,, 1963b). Initially, ‘Bradford’ was observed to produce little fruit, but this
lack of fruit production was due to self-incompatibility, not sterility (Zielinski, 1965).
Exposure to new cultivars or genotypes of P calleryana resulted in significant fruit and seed
production by ‘Bradford’ (Culley and Hardiman, 2007). This scenario has resulted in the
public believing that “sterile” Bradford reverted to a fertile condition and that sterile plants
will all eventually become fertile again. The bottom line is the public no longer trusts plant
breeders or the nursery industry when it comes to the topic of plant sterility. This is a
significant impediment to the use and acceptance of sterile invasive plants.

Methods to produce sterile or near sterile plants

On the positive side, methods do exist that can be used to create sterile or near-sterile
forms of plants. These plants will not spontaneously “revert” to a fertile condition.
Significant advances have been made in transgenic technologies that can be used to create
sterile plants. However, the use of transgenic methods to produce sterile forms of
ornamental invasives is not currently a viable optien. The negative public opinion about
transgenic plants and the regulatory hurdles that must be cleared are currently too large for
pursuit of this strategy to develop sterile invasive landscape plants.

Ploidy manipulation is the most often used method for the creation of invasive plants
that produce no seeds or few seeds. In most cases, the goal is to develop tripioid plants,
which will typically have low fertility due to unpaired chromosomes during meijosis. One
way to make triploid plants is to take advantage of triploid endosperm tissue that is
produced as a result of double fertilization in the ovule. Three 1N nuclei are produced by a
pollen grain that lands on the stigma. One becomes the tube nucleus, which forms the pollen
tube through the stylar tissue. The other two nucleij are generative nuclei, which enter the
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ovuie. One generative nucleus fertilizes the 1N egg to form the 2N embryo and the second
generative nucleus combines with a pair of 1N polar nuclei to create the 3N endosperm,
which develops into an important food source for the growing embryo.

In non-endospermic seeds the endosperm food reserves are transferred relatively
quickly to the cotyledons of the developing embryo making it challenging to take advantage
of this tissue, In endospermic seeds, the cotyledons are small and the endosperm remains
large even in a fully developed seed. For endospermic seeds, the 3N endosperm tissue is
accessible and can be used as a source of natural triploid cells. Triploid endosperm cells can
be induced to form callus in vitro and eventually to form shoots. Shoots can then be rooted
to form triploid plantlets. Endosperm derived triploid plants will have two sets of maternal
chromosomes and one set of paternal chromosomes. Triploid Euonymus alatus has been
produced using this procedure (Thammina et al., 2011).

Triploid endosperm is only useful for a limited number of plants due to inaccessible
endosperm or recalcitrance in vitro. So a more common approach to creating triploids is to
first create tetraploids from diploid plants. Mitotic inhibitors such as colchicine or oryzalin
are used to double the chromosome number in plant cells. Meristematic tissues, such as the
plumules of germinating seeds or shoot apical and lateral buds are the targets of mitotic
inhibitor treatments. Plants are produced from the tetraploid shoots and grown to flowering
size. Crosses are then made between tetraploid and diploid plants to create triploids.

Triploid plants must be thoroughly evaluated to determine their level of fertility. Some
will be fully sterile, but others will express low and variable levels of fertility. in genera or
families where apomixis is known, triploid plants can utilize asexual embryo formation to
produce large numbers of viable seeds. While development of triploids can be relatively
straight forward in some species, other species possess a triploid block where it is very
difficult to obtain triploid seeds, most often due to failure in endosperm development that
uitimately results in embryo failure (Kohler et al., 2010).

Berberis thunbergii has a strong triploid block. Despite extensive efforts to generate
triploid barberry in my breeding program by crossing 4N and 2N plants, 1 have only been
able to generate four individuals. All four plants have not produced any seeds despite
flowering and producing fruit. Unfortunately, all of these triploids have green foliage and are
not as desirable as ornamentals as they would have been with purple foliage. Although
triploid barberry has been a difficuit achievement, it has been relatively easy to produce
large numbers of autotetraploids. While many autotetraploid barberry have been fertile,
others have been highly seed infertile and we have dwarf or compact tetraploid genotypes
with putple, yellow, or green foliage that will soon be available in the trade.

Another method that has been used to create infertile landscape plants has been wide
interspecific or intergeneric hybridization. In Buddleja, interspecific hybridization, especially
when three or more species are involved in the cross, has produced very reduced seed
production or even complete sterility (Werner and Snelling, 2011). Similarly, in Berberis, a
tri-specific cross involving B. verruculosa, B. gagnepainii, and B. vulgaris has exhibited low
seed set (Brand, unpublished). Two of the species involved have blue/black fruit and one has
red fruit, so having genomes from different ends of the Berberis spectrum helps reduce
fertility.

Regardless of how putative sterile plants have been produced, it is of the utmost
importance that they are thoroughly studied and documented to perform as claimed.
Without thorough confirmation of the level of sterility, there is the risk of a plant becoming
another L. ‘Morden Pink’ or P calleryana and further eroding the public’s confidence in
sterile plants. First, ploidy should be confirmed using flow cytometry and chromosome
counts. If a plant is an intergeneric hybrid, its hybridity should be confirmed through both
morphological and genetic analysis.

To accurately document seed preduction, putative sterile plants must be planted with
appropriate fertile controls in a replicated planting. One must provide for genetic
outcrossing and outcrossing with various ploidy levels by including multiple genotypes.
Plants must be alowed to mature enough to insure that reproductive capacity isn't
overlooked simply because plants are too young. Brand et al. {2012) found that barberry

275



cultivars on average increase fruit production over 1000% when comparing 5-year old to
10-year old plants. Several plants that appeared sterile at 5 years of age were producing
seed at 10 years of age.

Reduced fertility an acceptable option?

When completely sterile plants cannot be achieved are plants with reduced fertility an
acceptable option? How reduced does seed production need to be in order to be acceptable?
Knight et al, (2011) make the case that long-lived woody plants will need to have extremely
tow levels of seed production in order to insure no population growth. Brand et al. (2012)
developed predictive information about Japanese barberry seedling establishment in the
wild using a combination of seed production, seed germination, and seedling survival data.
Barberry genotypes producing about more than 50 seeds per year would likely result in one
or more seedlings becoming established in an unmanaged woodland. To be most useful,
similar data will need to be established for each invasive species that is being considered for
sterile cultivar development if absolute sterility cannot achieved.

The nursery and landscape industry has been supportive of cultivar exemptions for
sterile or near sterile genotypes of important invasive landscape plants. The best example of
a working cultivar exemption for sterility is one established in Oregon for Buddleja (Oregon
Department of Agriculture, 2011). Regulation of Buddleja is through the Oregon Department
of Agriculture {ODA). To be approved for sale, a Buddleja genotype must produce 2% or less
viable seed or be documented to be an interpecific hybrid. In 2015 there were 18 approved
cultivars of Buddleja that were legal to use in Oregon. To gain approval for exemption, one
can either submit independent research documenting the level of fecundity to the ODA for
review, or they can pay to have Oregon State University evaluate the fecundity of a plant. For
interspecific hybrids, proof of parentage information must be submitted to ODA for review.
The Buddieja cultivar exemption program in Oregon seems to be successful so far and can
serve as a model for other states to follow with additional plant species {Contreras and
McAninch, 2013).

In New York, where apanese barberry has recently been legally banned, a decision-
making tree was developed to support a cultivar exemption program. Barberry cultivars do
not necessarily have to be completely sterile to be approved for sale, but must produce low
numbers of seed and meet several other criteria that collectively would result in low risk of
establishment in unmanaged areas. Minnesota and Wisconsin have taken a slightly different
approach with their recent bans of B. thunbergii and cultivar acceptability. They used data
developed at the University of Connecticut (Brand et al., 2012), which documented seed
production levels for 45 cultivars. Minnesota and Wisconsin legislation bans the species (B.
thunbergii) plus 25 cultivars, which produce high numbers of fruit. Lower fruiting cultivars
are still legal, but the language included in the legislation states that when horticulturally
acceptable seedless cultivars become available revisions should be made to reduce the
seediness considered acceptable for use.

Massachusetts, which has a long-standing ban on all B. thunbergii and cultivars, has
formed a committee to explore the possibility of sterile cultivar exemptions. New Hampshire
is not considering cultivar exemptions to its barberry ban at this time. A concern that is
often voiced by those considering support for cultivar exemptions for sterile plants is how
can one be sure of the identity of a plant, Often, sterile cultivars may be hard to distinguish
from fertile forms of the same plant. Mechanisms need to exist to help prevent the sale of
fertile plants either intentionally or accidentally, As genetic testing of plants becomes
increasingly routine and affordable, it will become reasonabie to require random genetic
checks to confirm the identity of sterile plants on the market. In addition, sterile plants will
all be patented and licensed to specific growers, making tracking of plant material fairly
straightforward. Sterile plants will probably all be sold with individual plant tags that get
carried forward with the plant from propagation to final sale, again making plant tracking
easier.

Given the number of plant breeders currently focusing effort on the development of
sterile forms of invasive landscape plants, there will undoubtedly be numerous new sterile
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plants arriving in the market in the next decades. it is likely that exemptions in plant bans to
aliow for the use of sterile cultivars will become widespread and commonplace.
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Fecundity of Japanese Barberry (Berberis
thunbergii) Cultivars and Their Ability to

Invade a Deciduous Woodland
Mark H. Brand, Jonathan M. Lehrer, and Jessica D. Lubetl®

Japanese barberry is an important landscape shrub thar has a demonstrated potential to be invasive in ~ 30 states
across the cencral and northern United States. Forty-six cultivars weve evaluated for cheir potendial 1o produce fruits
and seeds in a randomized, replicared ficld planting. Seeds from a subset of cultivars were evaluated for cheir abiliy
10 germinate and survive as seedlings in a deciduous woodland. Seed praduction for cultivars varied from no seeds to
more than 12,000 seeds planc ' and the number of sceds per fruit ranged from 0.1 1o 1.8. Five cultivars produced
fewer than 100 sceds plant ', and wo cultivars failed ¢o produce fruit, When plants were allowed to mature for 4 0
5 yr beyond the first evaluation ume, cultivars exhibited significant increases in fruits per plant, producing as much
as 35,000 fruics plant” ' (*Sparckle’). ‘Golden Devine' and "Red Chicf”, fruitless cultivars at the firsc evaluation,
produced 165 and 20 fruic plant ', respecuively, ac the follow-up cvaluation, demonstrating that long-term
evaluation of cultivars is necessary o accurately assess sterility. Berween 12,5 and 31% culdivar seed sown in a
deciduous woodland germinated, and scedlings survived at rates between 5.6 and 29.3%. Coupling cultivar sced
production data with germination and survival dara in a deciduous woodland suggests that even cultivars producing
as few as 100 sceds annually have the potential 1o contribute a few seedlings cach year o a natural area.
Nomenclature: Japancse barberry, Berberis thunbergi DC.

Key words: [nvasive, landscape, ornamentals.

Japancsc barberry (Berberis thunbergri DC.) culcivars are
extremely popular landscape shrubs because of their
adapuability, deer resistance, case of production, and
ornamental characteristics that include purple, yellow,
and variegated foliage and compact form (Dirr 2009).
Barberry is worth nearly $30.5 million in annual sales in
the Unirted Staces, making it one of the top two ornamcental
shrubs, roses excluded. (U.S. Depariment of Agriculture
[USDA] 2009). Dirr (2009) lists close to 70 cultivars of B.
thunbergit or B. thunbergit hybrids, and ac least 10 new
cultivars have been inroduced in che past 5 yr,

Since its introduction to New England in the late 1800s,
Japancsc barberry has naturalized in more than 30 staces
DO 10.1614/1P5M-D-12-0002%.1
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across the United States (Silander and Klepeis 1999;
USDA NRCS 2011). Barberry spreads into unmanaged
arcas primarily by seed, which is dispersed by some birds,
by small rodents {Decker ¢t al. 1991; Silander and Klepeis
1999), and via water ranoff and wind. Lubetl et al, (2008)
found genetic evidence that popular purple-leaved, culn-
vated forms of Japanese barberry may be introgressive with
existing feral barberry populations in some locations. Sceds
from B thunbergii var. atropurpurea Chenaule also
germinated and survived when dispersed into five differenc
natural environments, although survival for seedlings from
var. atropurpurea was less than it was for B. thunbergii
{Lubell and Brand 20t1). For one feral barberry
population of himited size, parentage analysts was used to
show that the invasion originated with a single. large.
purple:-leaved, landscape individual (Lubell er ab. 2009).
Although 1 1s rare to find purple-leaved plants 1 feral
populacions, seedlings derived from purple-leaved geno-
types imay not be purple because of sexual recombination
{Lehrer ex al. 2006) or because anthocyanin production i
suppressed in low light levels of wooded areas (Lehrer and
Brand 2010},

Concern ahout the detrimental ecological cffects of
Japancse barberry has prompred many states 10 consider
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Management Impilcations

Japanese barberry cultivass represent a subsuantial economic value
to the nursery and landscape industries because they are popular,
durable plants, widely uscd for landscaping. Unforrunately, Japanese
barberry is also an invasive plant, and some states have imposed [aws
preventing the propagation and sale of the species and all cultivars,
Cultivars of Japancse barbemry look and behave differently from the
apecies, with many becing dwarf forms with purple or yellow foliage.
The dramatic visual differences between cultivars of Japanese
barberry and the species have lod some 10 suggest that cerin
culivars may be noninvasive or have a lower potential for rapid
csrablishment in nacural communiries and could be exempred from
species bans. The cbjective of thir sudy was to evaluate the fecundity
of a wide range of commercially available Japanese barberry cultivars
to determine whether any could be considered noninvasive. We
determined fruit production, seed production, and germination cates
for 46 cultivars of Japanese barberry and its hybrids. Using seed from
a representative subser of cultivars, we also determined the potential
each cultivar had 1o germinate, survive, and grow in a deciduous
woodland, Cultivars varied considerably in their seed production
from more than 12,000 seeds co no seeds, and scveral cultivars
produced fewer than 100 seeds planc ™. When plants were allowed
o mature for 4 to 5 yr beyond the firsc evaluation time, cultivars
exhibited significant increases in fruits per plant, ‘Sparkle’ produced
more than 35,000 fruits plant™! and ‘Golden Devine' and ‘Red
Chief, which inidally appeared 1o be fruitess, produced 165 and
20 fruir planc ™', respectively. To accurately assess reproductive
potential - of cultivars, it is necessary o conduct evaluations for
duradions that are longer than those typically reported and 1o provide
ample opportunities for cross-pollination. Cultivar seed germination
rates were berween 12,5 and 31% in 2 deciduous woodland, and
seedlings survived at races berween 5.6 and 29.3%. By combining
seed producrion data with esmablishment daw in a deciduous
woadland, even cultivars producing as few as 100 sceds yr™" in the
landscape have the potential to contribute a few seedlings each year
w0 a natural area. Most barberry cultivars clealy cannot be
considered noninvasive, and even those that arc the least fecund,
<an stll be minimally invasive if they reach an age of 10 yr or more.

banning the sale of this species {(Harrington et al. 2003).
Both Massachusetts {Anonymous 2005) and New Hamp-
shire (Ananymous 2004) have passed legislation banning the
sale of all B. chunbergit. The two councies that comprisc Long
Island, NY, have legislation in place that will ban Japanesc
barberry and its hybrids in 2014 {Anonymous 2009a, b).
Otegon banned the sale of buuerflybush (Buddleja
davidii Franch.), including al} cultivars, but then amended
the ban to allow for the sale of cultivars that produce less
than 2% viable seed and incerspecific hybrids, which are
considered to be sterile (Oregon Department of Agriculeure
2010). A controlled study thar documented significantly
reduced seed production by the new Buddleja cultivar ‘Bluc
Chip’, in companson (o standard cultivars (Smith 2010),
served as the impetus to amend the butterflybush ban in
Orcgon to allow for sale of specificd noninvasive genotypes.
Culuvar cvaluation for seed producrion can be useful to
advisc the green industry abour particular cultivars that are

prolific or to idencify sterile, or near sterile, cultivars chat
could qualify for exemptions when plants bans are
established for a species. In a limited study of landscape
specimens, four cultivars of B. thunbergii were found 1o
vary significantly in cheir fruic and sced production (Lehrer
et al. 2006). In another study, where the invasive potential
of a limited number of B. thunbergii cultivars was estimaced
by measuring fruit production per unit of stem lengch,
Lovinger and Anisko (2004) found widely varying levels of
fruit production.

In the present study, we compared the fruit and seed
production of Japanesc barberry cultivars available in the
United States under identical environmental conditions. The
study was conducted with opportunity for cross-pollination
and with the replicates allowed to amain substantial size and
become fully established to beter determine the crue
reproductive potential of plants that arc {ikely to remain in
landscapes for decades. We also determined cultivar seed-
germination and survival rates in a deciduous woodland and
then coupled those data with cultivar seed production rates to
predict the expected contribution of seedlings to a natural area.

Materials and Methods

Cultivar Fruit and Seed Production. A ol of 46
barberry taxa were evaluated, which included 8. thunbergii, B.
thunbergii var. atropurpurea, 36 Berberis thunbergii cultivars,
and 8 8. thunbergii hybrid cultivars (Table 1). Plancs were
obrained from 20 different nurseries and onc arboretum. All
plants were maintained at the University of Connecticut,
Department of Plane Science Rescarch Farm, Scorrs, CT
(lacitude 41.794415 N; longitude 72.227320 W) in USDA
hardiness zone 6a, in Paxton and Montauk, fine-sandy loam,
with full sun exposure. The corridor berween New York, NY,
and Boston, MA, has heen heavily invaded by B. thunbergii,
30 the study location in Storrs, CT, was ideally situated in an
arca where B. thunbergii grows well (Mehrchoff et al. 2003).
Plants were installed in 2003 and 2004 from either 3.8- or
7.6-L (1- or 2-gal) conaainers, with three replications of each
cultivar. Spacing within rows was 2.5 m on center, and
spacing between rows was 3.7 m on center. Clean cultivation
was maintained wichin rows. and grass alleyways were mowed
between rows. Cultivars from 3.8-L containers were allowed
to establish in the field for 3 yr before fruit and seed dara
collcetion, whercas cultivars from 7.6-L containers were
allowed to establish for 2 yr. Plants were 5 to 7 yr old, from
cutings, at the point of initial dac collection. Cultivars were
placed into two evaluation groups based on their planting
year and container size at planting (sce Table 1), Evaluadion
group | was composed of plants installed in 2003 from 7.6-L
conaainers, and evaluation group 2 comprised plants installed
in 2003 as 3.8-L containers plus plants instatled in 2004 as
7.6-L continers. Within cach cvaluation group. cultivars
were arranged tn a completely random design.
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Table 1. Berberis spp. cultvars evaluated, including the source of plants, habic description, and foliage color. Cultivars were separared
inw two cvaluation groups based on their planting date and size at planung,

Foliage  Yecar Size Year  Evaluation
Berberis specics Cultivar name Habit color'  planted planted” cvaluated  group'
koreana X thunbergii *Bailsel’ Golden Carousel large Y 2003 2 2005 1
koreana X thunbergii ‘Tara’ Emerald Carousel large G 2003 2 2005 1
X mentgrensis LM. Ames large G 2003 2 2005 1
X ottawensss Schneid, ‘Concorde’ small P 2003 2 2005 1
X ottawensis ‘Crimson Velver' large P 2003 2 2005 {
X oftawensis *Criruzam’ Craimson Ruby small P 2003 2 2005 1
X oftawensts ‘Royal Cloak’ large P 2003 2 2005 1
X ottawensis “Silver Milc' large PV 2003 1 2006 2
thunbergii DC. larpe G 2003 2 2005 1
thunbergir ‘Anderson’ Lustre Green medium G 2003 2 2005 1
thunbergis ‘Angel Wings' large I 2003 2 2005 !
thunbergit ‘Antares’ large P 2003 1 2006 2
thunbergii ‘Aurea’ medium Y 2003 2 2005 1
thunbergn ‘Bagarelle’ small P 2003 2 2005 1
thunberg:i “Bailgreen® Jude Carousel large G 2003 2 2005 1
thunbergii "Batlone” Ruby Carouscl large P 2003 2 2005 ]
thunbergit *Baiftwo’ Burgundy Carousel farge P 2003 2 2005 1
thunbergii ‘Bogozam’ Bonanza Gold small Y 2003 2 2005 1
thunbergis *Crimson Dwarfl small P 2003 2 2005 1
thunbergii ‘Crimson Pygmy’ small P 2003 2 2005 1
thunbergii ‘Erecea’ lacge G 2003 l 2006 2
thunbergis ‘Gentry Cultivar’ Royal Burgundy  small r 2003 2 2005 ¥
thunbergit ‘Golden Devine' small Y 2003 1 2006 2
thunbergu ‘Golden Ring' large P 2003 1 2006 2
thunbergit ‘Green Pygmy’ small G 2003 2 2005 1
thunbergii ‘Helmond Pillar’ columnar P 2003 2 2005 1
thunbergri ‘Incrmis’ mediem G 2003 1 2006 2
thunbergii ‘J.N. Redleaf® Ruby Jewel medium P 2003 l 2006 2
thunbergii ‘J.N. Varicgated® Starduse medium GV 2003 1 2006 2
thunbergn *Kelleriis® medinm GV 2003 1 2006 2
thunbergri *Kobuold' small G 2003 2 2005 1
thunbergti *Lime Glow' large Yv 2003 2 2005 1
thunbergn "Maria’ Sunjoy Gold Pillar columnar Y 2004 2 2006 2
thunbergii ‘Marshall Upright' large P 2003 2 2005 [
thunbergit ‘Monlers” Gold Nugget small Y 2003 2 2005 i
thunbergu ‘Monomb’ Cherry Bomb medium P 2003 2 2005 1
thunbergi *Monry' Sunsanon medium Y 2003 2 2005 !
thunbergu ‘Painter’s Paleue’ medium GV 2004 2 2006 2
thunbergu ‘Pow Wow' medium Y 2003 1 2006 2
thunbergn ‘Red Chicf large p 2004 2 2006 2
thunbergu ‘Red Rocker’ large r 2004 2 2006 2
thunbergu "Rose Glow' large rv 2003 2 2005 i
thunbergn “Sparkle’ Large G 2003 2 2005 i
thunbergn “Saan's Varicgated’ medivm (Y 2003 1 2006 2
thunbergu ‘Talago™ Sunjoy Gold Berer small Y 2004 2 2006 2
thunbergn var. afropuwpurea large P 2003 2 2005 1

Colar code: G, green: GV, green variegated: P, purple: PV, purple varicgated; Y. yellow; YV, vellow variegated.
Nursery containers eicher No. 1, 3.78-L (1 gal} or No. 2. 7.57 (2 gal} pors.

Plants were separated into two evaluation groups based on the year they were planted and their size at plantng ome so thad each
evaluation group contained only plunts that were of the same marturity and level at establishment in the ficid
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Fruit and seed dara were collected when berries ripened
in October of 2005 (cvaluation group 1) and 2006
{evaluation group 2). Most study plants were harvested
completely by hand-removal of all fruits present. Because it
was impracrical to complete manual harvest for some of the
largest and most prolific fruit-producing cultivars, those
plants were divided into four quadrants, fruic was collected
complerely from two randomly selected quadrants and rotal
production was extrapolated. Seeds were hand-extracced
from 100 fruits (fewer if fruit counts were less than 100)
from each replicate of each cultivar 10 determine the
number of seeds per fruit and the number of seeds per
plant. Ac fruit collection for cultivars in evaluation group 1,
the height, width, and depth of the plants was measured. In
addition, annual shoot growth was determined for each
planc by randomly selecting and measuring the current
season’s stem length for 10 shoots plant ™!

To ascertain how fruit producrion might change as
barberry cultivars continued to mature in the field for an
additional 4 to 5 yr, a follow-up assessment was completed in
October 2010. These additional data were collected on a
subset of 21 cultivars that included genotypes that were
initially prolific fruiters, moderate fruiters, low fruiters, or had
failed o fruir. Exact fruit counts were used for cultivars that
produced small amounts of fruit. For plants where a visual
inspection indicated fruit numbers in the thousands, it was
impractical to determine exact fruit counts, and estimates were
obtained by counting the number of fruits present in 25% of
the plant canopy and extrapolating the total. Plant height,
width, and depth were measured ar the time of fruit harvest
for all plants indluded in the 2010 follow-up fruit count.

Dara for fruits per plant, seeds per fruit, and seeds per
plant were subjected to ANOVA and mean separation
using Fisher's Protected LSD test (P < 0.05) using SAS for
Windows Version 9.2 (SAS Institute Inc., Cary, NC).

Greenhouse Germination of Cultivar Seed. Ripe berries
were collected in late October from barberry cultivars
maintained in the previously described barberry cultivar
planting ac the University of Connecticut, Departmenc
of Plant Science Rescarch Farm. Fruits were collected
scparaccly from all three individuals of cach cultivar in the
planting and were kept separate chroughout the study.
Seeds were extracted from fruit lots by maceration, and
clean sceds were stored dry in polyethylene bags at 5 C (41
F). To facilitate germination, seeds were stracified for 90 d
in moistened, sterilized sand, according to the protocol
described by Dirr and Heuser (1987). Once hundred
stratified seeds of each cultivar replicarion were sown on
May 1 in rows in heavy plastic flats (Kadon Corporation,
Dayton, OH) using Metro Mix 360 Growing Medium
{(Scous Company, Marysville, OH). Seed lots were
randomized across all of the seed flacs. The flats were
placed in a greenhouse with set poines of 21/17 C (70/63

F) day/night temperatures and natural lighting at the
University of Connecticut Floriculture Greenhouses in
Stotrs, CT. Seedlings were allowed 10 germinate and grow
for 6 wk before geemination percentages were recorded.
The study was repeated in time using fresh seed collected in
October 2006 and October 2007. Germination dara from
both time replications was combined and subjected to
ANOVA (PROC MIXED) and mean separation using
Fisher's Protecced LSD test (P = 0.05) using SAS for
Windows Version 9.2 (SAS Instituce).

Cultivar Scedling Growth in Containers. Fificen seed-
lings (five from each of the threc mother plants) from the
previously described germination flats were randomly
sclected and potted inte 1,040-ml {35-02) black-plastic,
square pots (Belden Plastics, Roseville, MN) containing
Metro Mix 510 Growing Medium (Scotts) and moved (o
outdoor cold frames. A completely random design was used
to arrange plants wirhin the cold frames. Plants were hand-
weeded, irrigated regularly, and provided soluble 20-8.74-
16.6 N-P-K fertilizer {Peters 20-10-20 Fercilizer, Scous
Co.} ac 200 ppmw N every 2 wk during the study. Planes
grew ourdoors from mid June until mid November, when
they were destructively harvested. Plant width, height, and
depth were measured (used to calculate plant size), and the
number of branches was counted. In addition, fresh weight
and dry weight were obtained for plants {shoots and roots).
Data for plant size, number of branches, fresh weight, and
dry wcight were combined for both swdy years and
subjected 10 ANOVA (PROC MIXED) and mean
separation using Fisher's Protected LSD test (P < 0.05)
using SAS for Windows Version 9.2 (SAS Institre).

Germination, Survival, and Growth of Seed from
Barberry Cultivars in a Deciduous Woods. Sced from
wild-type B. thunbergii and 16 barberry cultivars was
cvaluated for its ability 1o germinate, survive, and grow in a
dry deciduous woods site. The goal was to determine
whether there were differences in che ability of sced from
different cultivars to establish in a natural environment. A
dry, deciduous woods site was used because our previous
research showed that this environment was the most
supportive of barberry establishment of those we have
studied (Lubcll and Brand, 2011). The dry, deciduous
woods site had 51% of full sunlight in April and 1% full
sunlight by June when the deciduous canopy expanded.
The primary vegeration was maple (Acer spp.), ash
{Fraxinus spp.. birch (Betuln spp.). eastern white pine
{Pinus srrobus L), and castern hemlock [Tiuga canadensis
(L) Carriere]. The soil at the site was a sandy loam (52.9%
sand, 34.6% sile, 12.5% clay) with a pH of 5.3, 7.3%
organic matter, and 35% soil moisturc (in November).
Calcium, magnesium, phosphorus, and potassium levels in
the soil were 610, 92, |, and 204 kg ha ' (545. 82, 1., and
183 b ac "), respectively.
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Seeds of cach cultivar were sown in carly November into
30 cm by 60 cm (12 in by 24 in) wooden frames thac were
8 em tall. The wooden frames were recessed halfway into
the soil, and all forest floor litcer was left in place. Forry
seeds were sown per frame by hand-broadcascing over the
plot surfaces. There were five replications of each cultivar
treatment in a randomized complete-block design. Follow-
ing seed sowing, frames were covered with hardware cloth
with G-mm (0.2-in) mesh openings to protect the sceds
from predation by birds and small mammals. Experimental
plots were harvested in lace August, almost 3 yr after the
sced was sowed. All scedlings present were counied, all
seedlings were removed, and dry weights were determined.
The study was conducted twice, with a one-time replication
beginning in 2006 and the sccond beginning in 2007.
Seeds used in this study were collected fresh cach yeac from
the replicated cultivar planting at c¢he University of
Connecticut, Department of Plant Science Research Faem.

Estimated Potential of Cultivars to Contribute Sced-
lings to a Deciduous Woods. Fruit and seed production
data for a subset of cultivars in a research plot were coupled
with seed germination and survival data from field
experiments in a deciduous woodland to estimate and
compare the potential for cultivars to contribute feral
seedlings to natural environments. The inicial evaluation
period (Table 2) measured landscape plants in a stage of carly
maturity. Fruit and sced daca collected from those plants,
thercfore, may be considered typical of landscape shrubs that
are relatively early in the reproductive portion of their
development. Data collected from these same plants 4 o 5 yr
lacer, afier significant growth, indicate che production
potental of landscape specimens that have reached full
maturity. Prediceed  cstabhishment  rates  for  cultivar
seedlings in deciduous woods were calculated by multi-
plying germination percentages by survival percentages.
Finally, an estimation of annual seedling contribution to
deciduous woodlands was calculated by multiplying those
establishment rates by che seed production of medium-
and large-sized plants.

Resulits

Cultivar Fruit and Seed Production. Cultivars varied
widely in cheir fruit and seed production (Table 2). The
most prolific cultivar produced an average of just slightly
less chan 10,000 fruits following s establishment penod,
whereas others failed to ser any fruit. The number of sceds
per fruit ranged from an average of 0.1 [lacemis’) w ©.8
(Sparkle). ‘Tara' Emerald Carousel® produced the greatest
number of fruits of any cultivar at 9,926. Considering that
this cultivar yielded an average of 1.3 seeds frui ', Tara
Emerald Carouscl® was the most prolific seed producer of
any cultivar tested.

Of the 46 taxa cvaluated, 17 produced an average of
more than 1,000 seeds plant ' (Table 2). Twenty-three
taxa produced more than 500 seeds plant ' and 14 taxa
produced fewer than 250 seeds plant. ‘Aurea’, ‘Bagarellc’,
and mentor barberry (Berberis X mentorensis L.M. Ames)
produced fewer than 10 sceds plant™!. Two cultivars,
Golden Devine and Red Chicf, did not produce any fruits
or seeds following the standard establishment period.
‘Crimson Pygmy’, perhaps the most popular commercial 8.
thunbergis cultivar, produced moderate amounts of seeds
at 558 plane . ‘Rose Glow’, another popular cultivar,
produced 810 sceds plant !

The top-three secd-producing cultivars were  large-
growing types with green foliage (Table 2). With the
exception of ‘Bailse!” Golden Carousel (883 seeds plant "
and ‘Talago’ Sunjoy™ Gold Pillar (578 sceds plants ), the
yellow-foliage cultivars produced lower numbets of sceds,
generally fewer than 150 seeds plant ', Overall, cukivars
with dwarf or compact habit produced fewer seeds than did
standard-sized cultivars, regardless of foliage color. Al-
though ‘Monomb’ Cherry Bomb™ (1,797 seeds plant ),
“Kobold' (767 sceds planc '}, Crimson Pygmy (558 seeds
plant '). and "Maria' Sunjoy™' Gold Beret (322 seeds
plant ) produced moderate to low quantitics of seeds, the
other 10 dwarf or compact cultivars all produced fewer
than 300 sceds plant '. If seed production data arc
averaged for large-green, large-purple, small-purple, and
small-yellow cultivars, some interesting trends are apparent.
Large-green cultivars averaged 8,257 seeds planc . which
is significantly more than the average of 3,260 seeds
plant ' for large-purple cultivars. Small-purple and small-
yellow cultivars produced significantly less seed than did
cither of the large-growing groups ac 189 and 126 sceds
plant ', respectively. No statistical differences were found
for germination of seeds between the four different plant
habits by foliage color categorics. To some degree, this
reduced production is a function of plant size buc likely
also has a genetic component. Dwarf plants may exhibir a
retacded rate of maturarion, and it takes longer for cheir
reproductive potential to be realized.

The data suggese that hybridity between B. thunbergu
and another Berberis species may influence the reproductive
potential of a genotype. The two Korcan barberry (8.
koreana Palib. X B, thunbergii) cultivars (Bailsel Golden
Carousel® and Tara Emerald Carousel®) appeared to be
more prolific than comparable yellow- and green-foliage
cultivars of pure B. thunbergu {Table 2). Builsel Golden
Carousel® produced the most sceds of any yellow-foliage
cultivar, whereas Tara Emerald Carousel® produced more
seeds than any green B. rthunbergis.

The Berbers % ottawensis C. K. Schneid. taxa {European
barberry (Bevberis vulgars L. X B. thunbergid)l did not
appear any morc or less prolific than pure B. thunbergn
culcivars. Berberis X ottawensis cultivars such as “Crimson
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Table 2. Fruit production per plant, number of seeds per fruir, number of sceds per plant, secd germination rates, and plant size
measurements for Berberis spp. cultivars. Cultivars are scparated into two cvaluation groups based on their plasuing datc and size
at planting.’

Fvaluation group 1"

Plane size®
Fruits Seeds Sceds % germina Arnual shoot
Taxa plant ' fruit ™' plant™" tion Height  Width  Depth length
wm

“Tara" Emerald Carousel 9,926 a 1.3 od 1.2419 a 77.5 abede 92 189 162 23.6
"Sparkle’ 5543 bc  18a 9917 b 89.7 a 87 184 156 t8.5
‘Anderson’ Lustre Green 4257e¢d  1Gabed 6,768 ¢ 76.5 abede 88 184 165 13.8
‘Baitonc’ Ruby Carousel 4063 cd  1.6abed 6422 ¢ 85.8 ab 162 262 241 18.4
‘Crimson Velver' 6,675 b 1.0 ef 6311 ¢ 71.2 abedefg 147 235 213 204
‘Marshall Upright' 3249dc l4abed 4362cd 676 abedefg 122 160 107 16.3
‘Bailgreen’ Jade Carousel 2267 de  1.72b 3.925de 75.3 abede 68 142 123 11.0
‘Angel Wings' 1847 def  1.6abud 2,999 def 705 abedefg 83 172 150 18.5
‘Bailtwo’ Burgundy Carousel 1377 def 1.7 abc 2,309 defg  70.3 abedefg 104 170 166 212
Monomb' Cherry Bomb L225 def  1.5uabed 1,797 efgh  73.0 abede 72 131 11 10.2
var. atropurpurea 1045 ef  1.2dc 1179 fgh  70.8 abedefg 131 171 146 17.8
"Bailsel” Golden Carouscl 6Bl cf 13cd 883 fgh  58.0 cdelgh 83 8t 73 16.2
‘Rase Glow' 939ef 09 ef 810 fgh  77.% abed 95 139 124 233
"Kobold' B42cf 09 cf 767 gh 76,0 abede 40 72 64 6.5
‘Crimson Pygmy’ 429¢f 13 cd 558 gh  GG.0 ahcdefg 65 138 130 11.2
thunbergii L105ef  07F 478 gh  61.5bedefg 109 179 139 15.9
'Royal Cloak’ 504 ef 0.9 ¢f 467 gh 4455 g 155 i82 165 139
‘Helmond Pillar’ 209 F 1.7 abed 366 gh 713 abedefg 81 38 30 14.5
‘Lime Glow' 333f 0.9 of 294 gh  50.5 fg 59 125 113 15.0
‘Cnmson Dwarf 191 fF 1.4 abed 261 gh  79.3 abed 62 119 108 17.4
‘Green Pygmy' 556f 04¢ 20 gh  83.7 abc 27 58 51 4.7
‘Concorde’ 254 f 0.9 f 24gh 47816 44 69 62 6.4
"Criruzam’ Crirmson Ruby 523cF 044 166 gh nfa 52 90 62 8.4
‘Boguzam’ Bounanza Gold 108 f 1.3 bud 145 gh  55.3 defy a7 66 60 4.9
‘Monry' Sunsation 222 0.6 fg 140 gh  63.0 acdefg 58 85 75 6.1
“Genrry Cultivar” Royal Burgundy 106 f 07 f 61 h afa 38 86 79 7.8
‘Monlers” Gold Nugger 27 1.4 abed 29h nfa 32 53 38 4.1
‘Aurea’ 7F 0.7 cf 8h nfa 52 73 64 84
‘Bagarelle’ 5F 05p 5h nfa 25 38 32 5.5
X memorensts I f bdg 1h nfa 44 50 32 8.6
Fvaluation group 2

Fruics Seeds Seeds germination
Taxa phant ' frure ! plant ! %o
"Red Rocker” 1.332 b 1.4 a 1,918 a 64.0 ab
“Frecta’ 2912a 0.6 ¢ 1,411 ab 53.8 ah
Parnter's Palere’ 1.i77 b 1.1 ah 1,295 ab 50.2 ab
“Golden Ring’ 954 b 1.3 a 1.209 abe 77.2a
‘Pow Wow' 1.004 b 1.2a 1,203 ahe 388b
'J. N. Redlesf Ruby Jewel 998 b Lob 1010 hed 448 b
Kelleries' 855 b L1 ab Y27 bede 63.2 ab
‘Talage’ Sunjoy Gold illar 525 b L1 h 578 cde n/a
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Table 2. Conunucd.

Evaluarion group 2

Fruics Seeds Secds germinacion

Taxa plant™' fruic ' plant ' Do
‘Stan’s Variegaced’ 432 b 09b 394 cde 74.5 a
*J. N. Variegated' Stardust 768 b 0.6 ¢ 348 de 50.5 ab
‘Marna’ Sunjoy Gold Beret 358 09b 322 de nfa
‘Antares’ 620 b 06¢ 302 de 62.0 ab
*Silver Mile’ 638 b 03¢ 206 de 60.8 ab
*[nermis’ 1,152 b 0.1 d 125 ¢ 56.8 ab
‘Golden Devine' 0c nfa nfa nfa

nla nfa nfa

‘Red Chief Oc

* Abbreviation: nfa, not available.

* Plants were separaced into ewo evaluation groups based on the year they were planted and their size at planting time, so that each
evaluation group contained only plants that were of the same maturity and level of escablishment in the field.

* Wichin 2n evaluation group, mean separation in columns by Fisher's Protected LSD test. Means followed by the same leteer are not

significantly different at 2 = 0.05.

Velver’ (6,311 seeds plant "} were very prolific, whereas
others, such as ‘Concorde’ (214 seeds planc 1, Silver Mile
(206 sceds plane ') and *Criruzam’ Crimson Ruby™ (116
seeds plant } were low sced producers. Berberis X
mensorensis, the result of a cross berween B. thunbergii and
wintergreen barbecry (Berberss julianae C. K. Schneid),
exhibited very low seed sex, producing only 16 seeds plant ™'
even when allowed 1o establish for 8 yr {Tables 2 and 3).

Following maturation in the ficld for 4 1o 5 additional yr
after iniual evaluation of reproductive capacity, all cultivars
saw an increase in fruit production wich the exceprion of
Crimson Velvet (Table 3). The fruit production of this
cultivar decreased by 21%. from 6.675 to 5,270 fruits
plant *. Increase in fruic production across all culcivars
ranged from a low of 90% for Concorde 10 a high of
5.860% for Bagatelle. The average percentage of increase
for all cultivars was 1.365%. Barberry cultivars 9 1o 12 yr
old and established in the field for 6 to 8 yr were capable of
producing as much as 35,000 fruits plant_i (Sparkle)
{Table 3). The popular Crimson Pygmy and Rose Glow
praduced 7,970 and 4,400 fruits plant™ , respectively.

Golden Devine and Red Chief cultivars tha failed o
produce any fruit when first evaluated, produced 165 and
20 fruits plant ', respectively, when examined 4 to 5 yr
later (Table 3). Other cultivars dha initially exhibited very
modest fruit production (‘Bogozam’ Bonanza Gold™ 108
fruies; ‘Monry' Sunsation™ 222 fruits; “Helmond Pillar’
209 fruits plant—1) yielded thousands of fruits (Bogozam
Bonanza Gold™ [,870 fruits; Monry Sunsation  4.330
fruies; Helmond Dillar 6,550 fruits plant—1) following
sufficient time to develop and mature.

Greenhouse Germination of Cultivar Sced. Germination
in the greenhouse among group 1 cultivars ranged from a

high of 89.7% for Sparkle to a low of 44.5% for ‘Royal
Cloak’ (Table 2). Berberis thunbergii had a germination rate
of 61.5% ,which was not statistically different from the
cultivars in this group, with the exception of Sparkle. In
group 2, germination ranged from a high of 77.2% for
‘Gold Ring’ to a low of 38.8% for ‘Pow Wow' (Table 2).
The two best-germinating cultivars (Gold Ring and ‘Stan’s
Varicgated’) were statistically higher than the two worst-
germinating cultivars (Pow Wow and °J. N. Redleaf Ruby
Jewel™ ™). Overall, most barberry cultivars can be expected to
germinate at 60% or higher under optimum germination
conditions.

Cultivar Seedling Growth in Conuainers. Berberis
thunbergn seedlings produced the greatest plant size, number
of branches, fresh weight, and dry weight in comparison to 17
cultivars of barberry when grown in container culwre under
optimum conditions (Tablc 4). Secdlings of the cultivars
Rose Glow and "Monlers’ Gold Nugget™ grew statistically as
well as B rthunbergii seedlings, but seedlings of several other
cultivars, including Aurea, Bailsel Golden Carouscl®,
Bogozam Bonanza Gold™, Concorde, Crimson Pygmy,
Gentry Cultivar Royal Burgundyt™, Helmond Pillar and
Kobold grew less vigovously than B. thunbergii seedlings.
Although seedlings in this group of less vigorous growers did
not grow as large as B. thunberyii seedlings, they were healthy
and did noc appear in any way to be likely to fail.

Germination, Survival, and Growth of Seed from
Barberry Cultivars in a Deciduous Woods. All barberry
cultivars and the specics cxhibited some germination in the
deciduous woods site in the first year following sowing and
significant additional germination in the second year
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Table 3. Fruit production per plant, number of sceds per fruit, number of seeds per plant and plant size measurements for sclected
Berberis spp. cultivars four to five years after initial data collection.

Fruir production Plant size
Beyond inirial Change over Change over
Taxa comparison Fruits® time' Height Width Depth time?
yr No. plant ' To cm To

"Sparkle’ 4 35,300 a 537 92 189 162 13
*Tara’ Emerald Carousel 4 25,300 b 155 139 241 219 160
*Crimson Pygmy’ 5 7.970 ¢ 1,758 108 239 217 380
B. thunbergii 5 7100 cd 543 199 268 258 407
‘Helmond Pillar’ 4 6,500 cde 3.010 162 115 101 1,938
*‘Crimson Velver' 4 5,270 cdef -21 3N 330 319 345
‘Royal Cloak' 5 4,930 defg 878 283 277 255 329
'Rose Glow' 5 4,400 defgh 369 163 225 188 321
‘Monry” Sunsation 5 4,330 defgh 1,850 132 136 122 492
‘Bailsel' Golden Carousel 4 3,730 cfgh 448 148 146 135 494
‘Green Pygmy’ 5 2,430 ghi 337 55 113 102 694
*Kobold' 5 2,020 hi 140 69 124 {12 420
‘Bogozam’ Bonanza Gold 5 1,870 hi 1.631 62 105 103 358
‘Genrtry Cultivar’ Royal

Burgundy 5 767 1 624 65 1335 140 446
"Monlers’ Gold Nugger 5 7173 3159 59 94 84 623
‘Concorde’ 4 483 | 90 69 il4 102 326
“Bagarcllc’ 5 208 i 5.860 46 59 58 418
‘Golden Devine' 3 165 i nla 38 50 46 nfa
‘Aurea’ 5 1234 1,657 115 129 115 602
‘Red Chicf 2 20 nfa 160 172 166 nla
X mentorensts 4 161 131

1,500

155 145 4,082

* Abbreviation: nfa, missing initial measurement daa.

“Mean separation by Fisher's Protected LSD test. Meuns followed by the same letter are not significandly differenc ac P = 0.05

Change in number of fruits in comparison o the initial evaluation time 4 or 5 yr carlicr.

'Change in plant size in comparison to the imitial evaluation time 4 or 3 yr earlier,

following germination (Table 5). Two-year cumularive
germinacion in the woodland site was less chan one-third of
that under greenhouse germination conditions. Barberry
cultivar sceds can be expected to germinate beeween 12.5
and 31% in deciduous woods depending on the cultivar,
with an average germination rate for all cultivars tested of
around 20%. The cultivars Royal Cloak and Concorde had
sced germination percentages that were sttistically lower
than for B. thunbergii sced, buc all other cultivars had
germination percentages that were statistically similar to the
species.

Survival of 8. thunbergii seedlings was 40.4%, whereas
survival of cultivar scedlings ranged from a low of 5.6% for
Bailsel Golden Carousel® o a high of 29.3% for "Green
Pygmy” (Table 5). Six cultivars had seedling survival races
that were statistically similar to B. chunbergii seedlings,
whereas 10 cultivars had seedling survival rates less than 8.
thunbergii seedlings. Based on our observations, seedlings

that survive in the woods until they are 2 to 3 yr old have a
very low atrition rate as they grow older. Most scedling
losses occur in the first growing season and overwintering
period. There were no differences in scedling dry weight
between any of the cultivars or B. thunbergii (Table 5).
Seedlings that germinated in the deciduous woods averaged
less than 0.1 g (0.004 oz) dry weight seedling ', whereas
similar seedlings grown in containers under optimal
conditions averaged more than 4.5 g dry weight seedling '

i Tables 4 and 5).

Estimated Potential of Cultivars to Contribute Seed-
lings to a Deciduous Woods. By coupling data about
barberry cultivar establishment in a deciduous woodland
with dara about cultivar sced production, it is possible 10
gain somc insight into how quickly different barberry
cultivars in fandscapes may be able w spread inte adjacenc
unmanaged arcas (Table 6). Of course, these calculated
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Table 4. Growth mcasurements for scedlings of Berberis spp. cultivars grown under container culwre for a single growing scason.*

Taxa Size No. branches Fresh wt Dry wt
cm? g

*Aurea’ 2189 be 4.5 cde 15.5 cdef 4.5 cde
“Bailsel’ Golden Carousel 1485 ¢ 3.3 de 20f 23¢
‘Bogozam” Bonanza Gold 1514 ¢ 4.1 cde 10.1 ef 2.8 de
‘Concorde’ 1736 be 5.4 bede 12.7 of 3.3 de
‘Crimson Pygmy' 2470 be 4.1 cde 133 ¢f 3.6 de
‘Crimson Velver' 5801 ab 4.2 cde 16.2 cdef 4.7 cde
‘Genery Cultivar' Royal Burgundy 3972 b 6.3 bed 16.8 cdef 4.4 cde
‘Green Pygmy’ 3151 he 6.6 be 20.9 bede 5.8 hed
‘Helmond Pillar’ 831 ¢ 29¢ 73¢ 21 ¢
‘Kobold' 2216 be 5.8 bede 15.4 def 4.0 cde
‘Manlers' Gold Nugger 5811 ab 8.0 ab 25.0 abcd 6.8 abe
‘Monry’ Sunsation 3537 be 6.0 hed 15.3 def 4.1 cde
"Rose Glow' 8288 a 6.3 be 26.7 abc 7.8 4b
‘Rayal Cloak' 3782 be 4.0 ede 14.2 def 3.8 de
‘Sparkle’ 4918 abe 5.9 bed 21.0 bede 5.6 bed
'Tara’ Emerald Carousel 3626 hc 5.4 hede 29.6 ab 8.4 ab
B. .rbum'mgii 8283 a 9.9 a 332a 882

* Mcan separation in columns by Fisher's Protected LSD test. Means followed by the same letter are not significantly differentar 2=
0.05.

Tahle 5. Germination, seedling survival, and average seedling weight for seeds of Berberis spp. cultivars sown in a deciduous woods.’

Fiest-yr Second-yr curnulative
Cultivar germination” germination Seedling survival Scedling dry wt
P g
‘Aurca’ 8.0 bed 15.0 cd 22.0 abed 0.06 a
‘Bailsel’ Golden Carausel 10.0 ahed 18.0 bed 56d 0.08 a
'Bogozam’ Bonanza Gold 3.54d 21.0 abad 14.1 bed 0.04 a
‘Concorde’ 6.0 od 125d 15.5 bed 0.03a
‘Crimson Pygmy’ 6.5 od 15.0 cd 17.5 bed 0.07 a
'Cnimson Velver' 10.5 abed 18.3 bed 20.0 bed 0.05 a
‘Genery Culivar” Royal Burgundy 12.0 abe 16.0 cd 19.4 bed 0.09a
‘Green Pygmy 15.0 ab 28.0 ab 29.3 ab 0.11a
"Helmond Pillar’ 6.5 cd 17.5 hed 20.7 ahed .06 a
‘Kobold' 15.5 ub 305a 23.3 abed (0407 2
Monlers” Gold Nuggee 6.5 cd 20.5 abed 7.2cd 0.04 a
Monry’ Sunsation 10.0 abed 19.5 abed 25.7 abe 0.07 a
Rose Glow' 12.5 ahc 23.0 abed 28.4 ab 0.14 a
Royal Cloak’ 5.0 cd 12.5 d 10.5 bed 0.04 a
“Sparkle’ 17.0 a 31.0a 16.6 bed 0.10 4
“Tara” Emcrald Carousel 9.0 abed 26.2 abc 15.4 bed 0.08 a
B. thunbergii 10.0 abed 25.0 ahe 40.4 a 0.l1a

* Mean separation in columns by Fisher's Protected LSD test. Means tollowed by the same letter are not significandy different ar P =
0.05
*Total of 200 seeds, 40 seeds sown, 5 replications.
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Table 6. Predicted contribucion of established seedlings o 4 deciduous woodland from adjacent medium and large plants of Berberss

spp- cultivars.

Predicted scedlings establishing’

Predicted sceds Predicted seeds ———————————
produced from early from fully Esublishmene  Early matunty  Full marurity
Culrivar maturity plant mature pl:mth racet plant planc
No. yr™'

‘Aurca’ 8 123 0.033 0.3 4.1
‘Bailsel’ Golden Carousct 883 3,730 p.010 8.9 37.6
"Bogozam' Bonanza Gold 141 1,870 0.030 42 55.4
‘Concorde’ 214 483 0.019 4.1 9.4
‘Crimson Pygmy’ 558 7.970 0.026 14.6 209.2
'‘Crimson Velver' 6.311 5.270 0.037 2335 195.0
‘Gentry Cultivar’ Royal Burgundy 61 767 0.031 1.9 238
‘Green Pygmy’ 220 2,430 0.082 18.0 199.4
'Helmond Pillar’ 336 6,500 0.036 13.3 235.5
‘Kobold' 767 2,020 0.071 54.5 143.6
‘Monlers’ Gold Nugget 29 717 0.015 0.4 10.6
‘Monry' Sunsation 140 4,330 0.050 7.0 217.0
‘Rose Glow' 810 4.400 0.065 529 287.4
‘Rayal Cloak’ 467 4,930 0.013 6.1 64.7
‘Sparkle’ 2917 35,300 0.051 510.3 1.816.5
‘Tara’ Emerald Carousel 12,419 25,300 0.040 501.1 1,020.8
B. thunbergii 478 7,100 0.101 48.3 717.1

*Values for sced for carly maturing plants were from the first fruit and sced evaluation time. Data from Table 2.

* Values for sced for fully mature plants were from che sccond evaluation time when plants were 45 yr older and assumed an average

of 1 seed fruit ', Data fram Table 3.

' Values for predicted scedlings establishing per year were calculated as predicted seeds produced per year % predicted establishment

Tage.

*Values for predicted establishment rate were caleulated as the second-year cumulative-germination rate X the seedling survival rate.

Darca from Table 5.

cstimates are limited by many factors, such a5 local
environmental conditions, ability of cultivars to cross-
pollinate, health and vigor of particular landscape plants,
and how well sceds can move from the lindscape to the
adjacent woodland. Nonetheless, such estimates may
provide uscful information abouc the potenrial thar exises
for barberry cultivars to invade.

In looking at plants that would be considered medium-
sized landscape plants, culdvars such as Tara Emerald
Carousci® and Sparkle could contribute around 500
seedlings plant ' to an adjacent woodland cach year
(Table 6). This is substantially more than the approxi
martely 50 secdlings plant ' that the species is likely 1o
contribute per year, On the other end of the spectrum, the
cultivars Aurca and Monlers Gold Nugge™ would
contribute less than | scedling yr  landscape plant ',
Eleven out of 16 cultivars evaluated would Likely concribute
fewer scedlings to a woodland than would B. thunbergis,
whereas five would conrribute as many or more seedlings
than the species. Larger. more mature specimens of

landscape plants could be cxpected to contribute very
significant numbers of seedlings 1o an adjacent woodland
(Table 6). A large, mature plant of Sparkle could
contribure more than 1,800 seedlings yr ' 10 an adjacent
natural arca. Furthcrmore, plants of 9 out of the 16
cultivars evaluated could contribute more than 100
seedlings yr ' to a deciduous woodland.

Discussion

We found that B. thunbergir cultivars varied widely in
their fruit and sced production. These observations on
cultivar differences concur with similar studies of other
woody landscape species including butcerflybush, Norway
maple, and alder buckthorn (Frangula alnus P. Mill)
(Aniske and Im 2001: Conklin and Sellmer 2009: Wheeler
and Starrete 2001). Lovinger and Anisko (2004), who
evaluated fruic set on barberry cultivars by counting fruics
per lengeh of stem, found that Tara Emerald Carousel® was
the most prolific cultvar seudied. This finding  was
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confirmed by our study. Sparkle, the sccond most prolific
cultivar in our trial, was also one of the more prolific
cultivars in the Lovinger and Anisko (2004) study.
Alshough cultivars examined in our work and by Lovinger
and Anisko (2004) generally produced similar findings
there are exceptions. Concorde was identified as not
producing any fruits in the Lovinger and Anisko (2004)
research; however, we found that Concorde produced 254
fruits plant™'. So, although this cultivar it is not highly
prolific, it is also not sterile. Lovinger and Anisko (2004)
also catcgorized Kobold as having low fruit sec, but we
found it to produce relatively high amounts of fruit (842
planct), especially for a dwarf cultivar. Lovinger and
Anisko (2004) may not have allowed enough time for their
plants to become fully reproductively mature.

Culrivars wich yellow foliage and dwarf, purple-foliage
plants appear to be the least-prolific sced producers in
comparison to standard-sized, purple-foliage cultivars or
any green-foliage cultivars. Numerous new  Berberis
thunbergii cultivars have recendy been introduced char
have dwarf or columnar forms with purple or yellow
foliage, and there is a desire to consider these plants as
having a low potential for rapid reproduction and
cstablishment in nawral communities. Although chey
may be less potent than the more-prolific, full-sized, and
green-leaved cultivars, dwarf-purple and yellow-foliage
cultivars will probably just take longer to become invasive.

Several popular barberry cultivars are actually interspe-
cific hybrids becween B. thunbergii and ocher Berberis
species. Berberis X mentorensts, which produced very little
seed in our study, is a wide, interspecific hybrid berween
the deciduous, red-fruited B. thunbergii and the evergreen,
black-fruited B. julianae. Wide interspecific hybridization
may be a breeding avenuc to develop noninvasive landscape
cultivars of barberry thae are sterile because of chromo-
somal dissimilarities between the two taxa resulting in
meiotic failure. Some important landscape plants that are
sterile because of wide hybridization include Privas X
cistena (Hansen) Koehne {Prunus pumila L. var, bessey
(Bailey) Gleason crossed with Pranus cerasifera Ehrh.
‘Autropurpurca’l and Cornus X rusgersensis { Cornus kousa
(Buerger ex Miq.) Hance X Cornus florida 1.] (Dirr 2009).
Breeding work to develop seerile forms of invasive
butterflybush has used wide or complex hybridization
successfully,. The Buddleja ‘Asian Moon' is a stenle,
interspecific hybrid (Renfro et al. 2007), whereas the
Buddlejn *Blue Chip’. which exhibits 100-fold reduced seed
production. resulted from very complex parentage (Smith
2010; Werner and Snelling 2009).

Interspecific  barberry  hybrids  between  the  closcly
related. red-fruited B. thunbergii and B. vulgaris exhibited
fruit and sced ser similar to that observed for many B
thunbergii cultivars. B. thunbergit and B koreana hybrid
cuhtivars were very prolific seed producers, suggesting that

certain barberry hybrids may present a high invasive risk.
Hybridization has been suggested to be a stimulus for the
developmenc of invasiveness in some plants because of
heterosis resulting from genotypic novelty, increased
genetic variation, or reduction of accumulated deleterious
alleles (Ellstrand and Schicrenbeck 2008). Tamarisk
(Tamarix spp.) (Gaskin and Schaal 2002) and rhododen-
dron (Rhododendron spp.) (Milne and Abbote 2000) are
two woody genera in which interspecific hybridization has
been documented among invasive popularions. To counter
this risk, careful sclection of breeding parcnts should be
exercised when undertaking a hybridization program with
barberry and other crops with invasive potential.

Lehrer et al. (2006) found that Jandscape plancs of Aurea,
Crimson Pygmy, and Rose Glow barberry, most of which
were berween 10 and 20 yr old, produced approximacely
100, 100, and 800 fruits plant *, respectively. Similar-aged
plants in this study produced 123 (Aurea), 7,970 (Crimson
Pygmy), and 4,400 (Rose Glow) Fruits plant” ' (Table 4).
Although the Aurea landscape plants and the plants in the
experimemal planting produced similar numbers of fruits,
the Crimson Pygmy and Rose Glow landscape plants
produced many fewer fruits than their counterparts in the
experimental planting. The discrepancy beoween fruit
production in a landscape sctting and fruic production in
an experimental scuting may be cxplained by suboprtimal
growing conditions for many plants in landscape situations.
Another factor that may contribute to reduced cultivar fruit
set in landscape situations is limited opportunitics for cross
poltination among various Japanesc barberry genotypes.
Many landscape plantings use only a single cultivar to
achieve the desired landscaping result, thereby eliminacing or
significandy reducing cross-pollination. In the absence of
cross-pollination. poor seed set may result. Experimental
plantings used to cvaluate cultivar reproductive potential of 2
species typically bring rogether many diverse genotypes,
which leads 1o substantial cross-pollination and a tendency
for higher seed scx. Even though overall fruir and seed
production may be cevated in diverse  experimental
plantings, relative differences in fecundity berween geno-
types will sttll be present, and uscful trends may be observed.

Most studies examining cuktivar fruit and seed produc-
tion collect data from plants thar are relatively young and
have not been allowed sufficient time to establish. This
study clearly demonstrated that plants must become fully
established and mature in study plantings if accurate data
about reproducrive potential is to be obtained. When
comparing fruit production in the first comparison year to
follow-up data collected 4 or 3 yr later, we saw very large
increases 1n fruic production. The cultivars Golden Devine
and Red Chief did not produce any fruic che Frst
comparison ycar but did producc some fruits when
rechecked a few years later. In addition, Lovinger and
Anisko (2004) did not observe fruit set on Concorde,

474 .

Invasive Plant Science and Munagement 5. Octaber—December 2012



whereas we recorded 254 fruies plant ' in the first
comparison year and 483 fruit plant ' in che follow-up
count. There is a real risk thar cultivars may be deemed
sterile prematurely if sufficient time is not allotted for long-
term evaluation.

Fruit and seed production data are often used to make
judgments about the invasive risks of using specific
cultivars. Rescarchers have suggested that certain culrivars
of Acer platanoides L., burningbush [Euonymus alatus
(Thunb.) Siebold], and Frangula alnus may be less invasive
because of reduced seed set (Conklin and Sellmer 2009;
Ranney cc al. 2007; Wheeler and Starrete 2001). For
Berberis, it has been recommended that cultivars producing
three or more fruits per 2.54 cm (1 in) of scem should be
avoided, whereas those producing fewer fruits pose a
reduced invasive threat (Lovinger and Anisko 2004). Lehrer
et al. (2006) found that landscape plants of Aurea and
Crimson Pygmy were less prolific than landscape plants of
B. thunbergii var. atrepurpurea and Rose Glow and
suggested that they may be less invasive. The Connecticut
Nursery and Landscape Association used some of the seed
production data presented in Table 2 w0 approve a
voluntary ban on 25 culiivars or hybrids of Japanese
barberry that are the most-prolific sced producers (Con-
necticut Nursery and Landscape Associacion 2010).

We currently do not have demographic studies across the
entire life cycle for Japanese barberry, so it is difficule to
know how much of a reduction in seed production is
necessary 1o prevent invasion inte nacural areas. Knight e
al. (2011) used matrix-population madels w simulate the
effect of reducing fecundity on popularion growth rates of
long-lived species, such as Japanese barberry, They
concluded thar large changes in fecundity resule in
relarively small changes in population growth rates of
long-lived specics. Our work certainly shows that mose
popular barberry cultivars produce sufficiently high
numbers of seeds, which have ample capacity to germinare
and survive in natural arcas. Even use of the least-fecund
cultivars may still coatribute’ to population growsh.
Japanese barberry plants typically live for multiple decades,
and they are often planted in groupings or mass plantings,
so the actual number of seedlings contributed to a natural
arca from a typical landscape installation of a barberry
cultivar with low fecundity could still be significant.
Another complicating factor is that Japanese barberry
invades through the spread of sexual seed, and seedlings do
not necessarily resemble the maternal parent (Lehrer et al.
2006). Every cultivar we evaluated produced some
proportion of scedlings that had foliage color that was
different from the maternal parent and variable growth
habits (data not shown). As Knighr et al. (201 1) accurarely
point out, sccondary generations from cultivars may bear
titde resemblance to the original cultivar of origin and may
express different levels of fecundicy.

Our research cannot be used to define a specific
reproductive threshold beyond which Japanese barberry
cultivars will be problematic, but it demonstrates thac
even culrivars that produce relatively small numbers of
seeds are likely to contribute seedlings to nacural areas.
The nursery and landscape industrics, as well as invasive
plant regulation entitics, should exercise caution in
deeming specific barberry cultivars as noninvasive. Truly
female-sterile genotypes of barberry may represent the
best option in moving forward with this important
ornamental shrub.
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10/28/25, 1:19 PM ODA : Butterfly Bush Approved Cultivars | Nursery and Christmas Trea ; State of Oragon

BE Anofficial website of the State of Oregon » @
" ar g:IEAGI?I':IENTOF — Q(foda/Pages/search-

AGRICULTURE — results.aspx)
(foda/)

® (/oda/Pages/default.aspx)
> Nursery and Christmas Tree (foda/nursery-christmas-tree/Pages/default.aspx)
> Butterfly Bush Approved Cultivars

Butterfly Bush Approved Cultivars

= Site Navigation

Background

Oregon’s noxious weed quarantine, OAR 603-052-1200, was amended in 2009 as it
pertains to butterfly bush (Buddleja davidii). As a result, only Oregon Department of
Agriculture (ODA) approved seedless butterfly bush cultivars can be propagated,
transported, or sold in Oregon. Cultivars may be added to the approved cultivar list at
the discretion of the ODA.

A Special Permit may be issued allowing entry into Oregon, propagation, or research on
butterfly bush plants.

Cultivar approval

The ODA is not accepting approval requests for Buddleja davidii {butterfly bush) cultivars
at this time.

This process is currently under review.

hiips {fwww oregon.goviodainursery-christmas-iree/pagesibutierfly-bush.aspx L
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ODA approved sterile Buddleja cultivars

The listed Buddleja cultivars praduce two percent, or less, viable seed. The transport,
propagation, and sale of the listed cultivars is approved.

« Buddieja'Asian Moon'

« Buddleja 'Blue Chip'

» Buddleja ‘Blue Chip Jr.'

+ Buddleja 'Ice Chip' (Formerly 'White Icing’)

» Buddleja 'Inspired Pink'

+ Buddleja 'Pink Micro Chip’

« Buddleja 'Purple Haze'

o FLUTTERBY GRANDE™ Blueberry Cobbler Nectar Bush
» FLUTTERBY GRANDE™ Peach Cobbler Nectar Bush

« FLUTTERBY GRANDE™ Sweet Marmalade Nectar Bush
« FLUTTERBY GRANDE™ Tangerine Dream Nectar Bush
« FLUTTERBY GRANDE™ Vanilla Nectar Bush

« FLUTTERBY PETITE™ Snow White Nectar Bush

« FLUTTERBY™ Pink Nectar Bush

Non-requlated interspecific cultivars

These listed cultivars have been proven to be interspecific hybrids through testing and
laboratory analysis. They are not requlated under Oregon's noxious weed quarantine
and can be transported, propagated, and sold within Oregon. The fertility of these
cultivars have not been assessed.

+ Buddleja 'Lilac Chip'
+ Buddleja ‘Miss Molly'
« Buddleja 'Miss Ruby'
+ Buddleja 'Miss Violet’

wltps:anw.oregon.gov!odalnursefy-chrlslrnas-treafpageﬂbuumﬂy-bush.aspx
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[} Resources

« OAR 603-052-1200: Oregon noxious weed gquarantine
(https://secure.sos.state.or.us/oard/viewSingleRule.action?rule VrsnRsn=1 58408)

« Oregon Noxious Weed Policy and Classification [3

'A','B,' and ‘T, listed weeds for the state of Oregon. The State Noxious Weed List is
used to prioritize activities at the state level and provide direction in the
development of county weed lists that quide local control programs. This list is part
of a Noxious Weed Policy and Classification System and is jointly maintained by the
Oregon State Weed Board and the Noxious Weed Control Program.

i1 Contacts

Kevin Bailey
Program Manaqer
Nursery & Christmas Tree
Kevin.f.bailey@oda.oreqon.qov (mailto:Kevin.F.BAILEY @oda.oregon.gov)
635 Capitol Street NE
Salem, OR 97301
Phone: 503-508-6733

Help us improve! Was this page helpful?

Yes No I

hilps {iwww.oregon.goviodainursery-christmas-tree/pages/butterfly-bush.aspx
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Salem Office

635 Capitol St NE
Salem, OR
97301-2532

Wilsonville Laboratory
North Valley Compiex
26755 SW 95th Ave
Wilsonville, OR
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(i) Barbed -- Aegilops triuncialis,

(ii) Ovate -- Aegilops ovata.

(J) Hawkweeds:

(i) King-devil -- Hieracium piloselloides,

(ii) Meadow -- Hieracium pratense,

(iii} Mouse-ear — Hieracium pilosella;

(iv) Orange -- Hieracium aurantiacum,

(v) Yellow -- Hieracium floribundum.

(K) Hydrilla -- Hydrilla verticillata;

(1.) Japanese dodder -- Cuscuta japonica;

(M) Kudzu -- Pueraria lobata,

(N) Matgrass -- Nardus stricta;

(0) Oblong spurge --Euphorbia oblongata;
(P) Paterson's curse -- Echium plantagineum;
(Q) Purple nutsedge -- Cyperus rotundus;

(R) Silverleaf nightshade -- Solanum elaeagnifolium;
(S) Skeletonleaf bursage -- Ambrosia tomentosa;
(T) Squarrose knapweed -- Centaurea virgata,
(U) Starthistles:

(1) Iberian -- Centaurea iberica;

(ii) Purple -- Centaurea calcitrapa.

(V) Syrian bean-caper -- Zygophyllum fabago,

(W) Texas blueweed -- Helianthus ciliaris,



(X) Thisttes:

(i) Plumeless -- Carduus acanthoides,

(ii) Smooth distaff -- Carthamus baeticus:

(iil) Taurian -- Onopordum tauricum;

(iv) Woolly distaff -- Carthamus lanatus;

(v) White bryonia -~ Bryonia alba.

(Y) Yellow floating heart -- Nymphoides peltata,

(Z) Yellowtuft — Alyssum murale and Alyssum corsicum.

(b) "B" designated weeds. Weeds of economic importance which are regionally abundant,
but which may have limited distribution in some counties.

(A) Armenian (Himalayan) blackberry -- Rubus armeniacus (R. procerus, R. discolor);
(B) Biddy-biddy -- Acaena novae-zelandiae;,

{C) Brooms:

(1) French -- Genista monspessulana;

(ii) Portuguese -- Cyrisus striatus;

(iii) Scotch -- Cytisus scoparius,

(iv) Spanish -- Spartium junceum:

(D) Buffalobur -- Solanum rostratum;

(E) Butterfly bush -- Buddleja davidiifvarabilis* (*Effective January 1, 2010, all the
prohibitions of section (4) (a-d) apply. Plants being sold in Oregon that are labeled
“Butterfly Bush” are assumed to be B. davidii and will be subject to a stop sale order.
ODA approved sterile varieties of Buddleja including inter-specific hybrids are not
regulated and may be propagated and sold if labeled as follows: “Seedless Butterfly
Bush*." “*Produces less than 2% viable seed.” Information concerning process, criteria
and approved seedless varieties is available ontine at: <http://

oregon. gov/ODA/PLANT/NURSERY/ >, );

(F) Common bugloss -- Anchusa officinalis;



(G) Common crupina -- Crupina vulgaris;

(H) Creeping yellow cress -- Rorippa sylvestris;,

(I) Cutleaf teasel -- Dipsacus laciniatus;

(1) Dodder -- Cuscuta spp * (*except northwest natives);
(K) Dyers woad -- Isatis tinctoria,

(L) English ivy -- Hedera helix! hibernica*;

(M) Eurasian watermilfoil - Myriophyllum spicatum;
(N) False brome -- Brachypodium sylvaticum,

(O) Field bindweed -- Convelvulus arvensis,

(P) Garlic Mustard -- Alliaria petiolata;

(Q) Geranium

(i.) Herb Robert -- Geranium robertianum
(ii.) Shiny leaf geranium -- Geranium lucidum
(R) Giant horsetail -- Equisetum telmateia;
(S) Gorse -- Ulex europaeus;

(T) Halogeton -- Halogeton glomeratus;

(U) Houndstongue -- Cynoglossum officinale;
(V) Johnsongrass -- Sorghum halepense;

(W} Jointed goatgrass -- Aegilops cylindrical;
(X) Jubata grass -- Cortaderia jubata;

(Y) Knapweeds:

(i) Diffuse -- Centaurea diffusa;

(it) Meadow -- Centaurea pratensis (jacea x nigra);

(1) Russian -- Acroptilon repens,



(iv) Spotted -- Centaurea maculosa (C. stoebe).

(Z) Knotweeds:

(i) Giant -- Fallopia sachalinensis (Polygonum) ;

(ii) Himalayan -- Polygonum polystachyum,

(iii) Japanese (fleece flower) -- Fallopia japonica (Polygonum cuspidatum).
{AA) Kochia -~ Kochia scoparia,

(BB) Lesser celandine -- Ranunculus ficaria;

(CC) Mediterranean sage -- Salvia aethiopis;,

(DD) Medusahead rye -- Taeniatherum caput-medusae;
(EE) Old man's beard -- Clematis vitalba;
(FF)Parrots Feather --Myrophyllum aquaticum;
(GG) Perennial peavine -- Lathyrus latifolius;
(HH) Perennial pepperweed -- Lepidium latifolium;
(IY) Poison hemlock -- Conium maculatum;

(JJ) Policeman's helmet -- Impatiens glandulifera;
(KK)_Puncturevine -- Tribulus terrestris;

(LL) Purple loosestrife -- Lythrum salicaria;

(MM) Quackgrass -- Agropyron repens,

(NN) Ragweed -- Ambrosia artemisiifolia;

(OO) Rush skeletonweed -- Chondrilla juncea,
(PP) Saltcedar -- Tamarix ramosissimu;

(QQ) Small broomrape -- Orobanche minor;

(RR) South American waterweed (Elodea) - Egeria (Elodea) densa;



(SS) Spikeweed -- Hemizonia pungens,
(TT) Spiny cocklebur -- Xanthium spinosum;
(UU) Spurge laurel -- Daphne laureola;
(VV) Spurges:

(i) Leafy -- Euphorbia esula,

(ii) Myrtle -- Euphorbia myrsinites.

{WW) Sulfur cinquefoil -- Potentilla recta;
(XX) Swainsonpea -- Sphaerophysa salsula;
(YY) Tansy ragwort -- Senecio jacobaea,
(ZZ) Thistles:

@) Bull -- Cirsium vulgare;

(ii) Canada -- Cirsium arvense,

(iii) Italian -- Carduus pycnocephalus,

(iv) Musk -- Carduus nutans,

(v) Scotch -- Onopordum acanthium,

(vi) Slender-flowered -~ Carduus tenuiflorus.
(AAA) Toadflax:

(i) Dalmation -- Linaria dalmatica;

(ii) Yellow -- Linaria vulgaris.

(BBB) Velvetleaf -- Abutilon theophrasti,
(CCC) Whitetops:

(i) Hairy -~ Lepidium pubescens,

(ii) Lens-podded -- Lepidium chalepensis,



{iil) Whitetop (hoary cress) -- Lepidium draba.
(DDD) Yellow flag iris -- Iris pseudacorus;
(EEE) Yellow nutsedge -- Cyperus esculentus;
(FFF) Yellow starthistle -- Centaurea solstitialis;

{c) Agricultural seed as defined in Oregon's Seed Law, ORS 633.511 t0 633.750, is

exgmpt from this quarantine but subject to the noxious weed seed tolerances in OAR 603-
056-0205.

(d) Other commodities such as but not limited to wheat are exempt from this quarantine
to the extent that they are contaminated with noxious weed seed.

(4) Prohibited and Permitted Acts.

(a) All plants covered in section (3) of this rule are prohibited entry into the State of
Oregon.

(b) All plants listed in section (3) of this rule are prohibited from transport, purchase, sale
or offering for sale in the State of Oregon.

() All plants listed in section (3) of this rule are prohibited from being propagated in the
State of Oregon.

(d) All plants listed in section (3) may be collected from the wild in areas that are already
infested with the specific species that is collected, provided that the plants, plant parts, or
seed are not used for propagation or sale within the State of Oregon.

(5) Disposition of Plants in Violation of the Quarantine. All covered plants listed in
section (3) of this rule are found to be in violation of this quarantine shall be returned
immediately to point of origin by the Oregon receiver, if from out of state, or at the
owner's option be destroyed under the supervision of the department, without expense to
or indemnily paid by the department.

(6) Exceptions. The director may issue a permit allowing entry into this state,
propagation, or selling of plants covered by this rule, upon request, and upon
investigation and finding that unusual circumstances exist justifying such action, and that
the benefits of granting the permit outweigh the potential harm that may result from the
requested action. The director may impose specific conditions on any permit issued
hereunder, and the permit may be canceled for failure to meet the conditions therein. Any
permit issued under this section shall be for a limited duration not to exceed one year.
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