Why Do We Have Weeds Anyway?

Invasive Species —
Where Managed Lands and
Natural Areas Get together

Roger Becker
University of Minnesota

Wild World of Weeds
FargoDome, Jan. 22, 2019
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Historically, Species Shift

Burning
- Tall grass prairies
- Non-woody, warm season species






https://commons.wikimedia.org/wiki/File:Bison_herd_grazing.jpg
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Amenia and Sharon Land Company
Figure 38. Amenia and Sharon Land Company, Cass County, North Dakota. (Institute for Regional Studies, NDSU, 0005.05.01)
Figure 39. U.S. postage stamp showing the Amenia and Sharon Land Company. (Bureau of Engraving, #286 2c, “Farming in the West”)

https://www.ndstudies.gov/gré4/early-settlement-north-dakota/section-3-bonanza-farming)



Historically, Species Shift

Tilling the prairies
- Field bindweed
- Soon followed by
Canada thistle
- Annual Bdlfs.

Field Bindweed

- First invasive plants in the
upper Midwest

- Perennial thriving with LOTS
of tillage

- Impetus for the first NCWCC
(now NCWSS) Omaha, 1944




The Elusive Holy ,
Grail of Weed c" “ -IISTLE

Management

- Eradication!

Cirsium arvense
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THE RUST-SPREADING

BARBERRY . . .
Protect Small Grains

Did we really know what
we were doing?

CIRCULAR 598 - UNIVERSITY OF ILLINOIS * COLLEGE OF AGRICULTURE
EXTENSION SERVICE IN AGRICULTURE AND HOME ECONOMICS
In cocperetion with U. 5. DEPARTMINT OF AGRICULTURE Becker, U of M



Historically, Species Shift

Herb. and fertilizer
- 2.4-D late 40s controlled Bdlfs =
- Affordable N fert., Bdlfs controlled -> grasses
50’s 60’s
- Triazines, acetanilides, thiocarbs, DNAS

controlled grasses (also bdlIfs.)
- Simazine, Atrazine / Randox, RandoxT / EPTC

late 50s
- Avedex, Fargo / Treflan / Lasso — 60s

- Lorox, Lexone / Dual / Prowl, Cobex, Rydex,
Tolban - 60s to 70s

Photo: Wolf, KState



Historically, Species Shift

 Treflan + Sencor t.m.
70’s and 80’ s
— Eastern Black
Nightshade

Image courtesy of MN Wildflowers
https://www.minnesotawildflowers.info/flower/black-nightshade




Historically, Species Shift

Imidazolinones,
sulfonylureas 90’ s
— Waterhemp

Glyphosate 2000’ s
— Waterhemp

— Ragweeds

— Mare’s Talil

Image courtesy of Jeff Gunsolus



Areas and counties of ND and MN having

Common ragweed.

confirmed and suspected glyphosate-resistant wegds
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Historically, Species Shift
The Post-Roundup Era

* Need for mixtures 2010’s

Rup POST

— Numerous species resistant
— Have shifted to warm season
— Crabgrass
— Lovegrass
— Amaranth species

— Residuals fb POST




It Takes a Village for
Weeds Too!

What your neighbors do
DOES impact you

-Roundup Ready world will shift
the species you face in the non-
GMO world

Becker, U of M. 2005 MWFPA presentation.



Evolution of Species Shift in Response

Population

100

to Continuous Practices

80

60 -

40

Years

Adapted from Gunsolus, U Mn Weed Sci.



Historically, Species Shift

Weed Emergence Patterns. 1997,

Periodicity | -
- _‘
o | g
- Phenology, Seed Maturation ey - ‘
- Wild Proso Millet — | |
. matures before sweet corn Ui My hee oy A

http://lextension.agron.iastate.edu/weeds/mgmt/qtr97-4/weedemer.htm

- Earlier planting dates -> cool species e.g. Giant
foxtail, mustards, kochia

- Nonn-residual herbicides -> warm species
e.g. Crabgrass, Eragrostis, purslane, carpetweed



Historically, Speues Shlft

 Rainy or droughty

periods
— Buttercups (wet)
— Hoary alyssum (dry)

 Reduced or no tillage
— small seeded
species and
perennials not
adapted to tillage
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Image courtesy of MN Wildflowers
https://www.minnesotawildflowers.info/flower/germander



Palmer
Native to the desert
Southwest

http://Iwww.extension.iastate.edu/CropNews/2013/0820hartzlerpope.htm

Palmer and Waterhemp

Waterhemp
Native to the Midwest

2" mest competitive off
the Amarantiv Sp.

Growtiy rate as fast as
~1.75"/day

http://southeastfarmpress.com/management/waterhemp-
showing-greater-resistance-glyphosate



USDA-NRCS-NGCE

e D Introduced D Both l:] Absent/Unreported

e, No County Data D Introduced, No County Data l:] Both, No County Data

Symbol: AMPA USDA-NRCS-NGCE

D Native D Introduced [:] Both D Absent/Unreported

|:] Native, No County Data E] Introduced, No County Data D Both, No County Data

http://plants.usda.gov/



http://plants.usda.gov/core/profile?symbol=AMPA

Y —— — Palmer amaranth in Minnesota
f i 2018
bR 6 Counties
[ o 44 Sites
| 5 ___,/
[
//
i ),/{_:E - Conservation
~ " Planting

NC - Non-crop Area
ROW - Right-of-Way
J FC - Field Crop

i Found in seed planted but not found in field 2018

| Found in soybean in 2018

2016
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© 2018 Regents of the University of Minnesota. All rights reserved.



Zero Tolerance Approach!

lowa farmer has established a network of neighbors and other
volunteers to help pull Palmer plants, pile and burn them

* S x e vBob Hlartzller |
A B b ™ % i o, U 2 JOWA STATE UNIVERSITY

i L o b0 e W T R sy - Extension and Outreach




Weed Management- the basics

* There Is a weed for every
occasion

* There Is a weed species that Is
adapted to your management,
no matter what it Is




Over-arching Weed Science Principles

» Weed ecology and biology basic to all
systems

» \WWeed species cross over cropping
boundaries (and land management)

 Perennial, biennial, or annual -
disturbed or undisturbed - the same
underlying principles apply




Weed Management- the basics

» Therefore, repeated use of the same
management will result in a few
species that are out of control

» Goal should be to get as many
species as possible, but few of any
one species

— Means you are using diversified land
management




The Elusive Holy ,
Grail of Weed "‘ “ -IISTLE

Management
It’s still here.......
Focus on:

* Native forb tolerance to
herbicides
 Seedings that resist

Invasion
 Dispersal

* Biological Control
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Canada Thistle
- The Forb Tolerance Experience

Forb plants entrench with age
2 Problem tracts - 7+ years old

e 2 WMAS - 3d year

« 1 WMA - 2"dyear juveniles
e 6 renovation/conversions - 1st Year
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Hedquist Forb Tolerance Site

-

ransplanted Forb Tolerance Study
Sept 24, 2008 Trial Est. 2007

West Newton Sand Prairie |
Kurt Brownell US Army Corp SELH TN ey . |
Louanne Brooks, Dow AgroSciences Vi s 2% o M! R

Cow vetch, Vicia cracca
Hairy vetch,Vicia villosa




Forb Tolerance to
Milestone

Species either missing
or not flowering 1 year
after treatment

Yellow Prairie Coneflower
Black-eyed Susan
Sunflowers







In new restorations that are likely to be prone to Canada
thistle invasion, consider planting forbs that are more
tolerant to Milestone®
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Mative Forbs

Comparison of % Cover of Each Botanical Group at
Different Canada Thistle Infestation Levels
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Put it in the bank ¢« & =
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e Most native forb species survive
- Will interrupt flowering so
looks can be deceliving

e Ihey will come back

e Canth and native forbs duke i1t out




Canada thistle seed flight
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Beeker Uof Mn 2006 B



Male Flower

Female Flower




to Seedlings

Seeds



Effect of Wind of direction and distance of

Canada thistle dispersal

Elysian 2007 Elysian 2007

Pappi per square meter

0-8345

Achenes per square meter 83.45- 165.13
0-3773
[] 3773-7548 é\ 165.13 - 246.82
6.1 m P 7546- 1131 I 246.82- 328,50
113.19- 15081
150.91 - 188 64 [ 328.50 - 410.18
B 135022637 I 410.18 - 491.86
B 250254 10 B <0186 - 573.55
I 25410-30183
B 018333956 Il 573.55 - 655.23

Il 655.23 - 736.91

up to 340/sq. m
up to 740/sq. m



Put it in the bank ¢ & =

- Seed dispersal local

- Where already endemic or
epidemic, avoid heroic control
at dispersal time

- Where rare on a landscape scale,
be heroic!




Functional Groups to Resist Invasion
During Prairie Establishment

Roger Becker and Lee Klossner
University of Minnesota
Milt Haar
National Park Service
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Functional Group x Canada Thistle Est.

Lamberton, MN. Canth Shoot Cnts. All Funct. Groups Combined.
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n = 24. Counts are in the seeded center area. May not characterize entire plot in the early years.




Functional Group x Canada Thistle Est.
Lamberton, MN. Canth Shoot Cnts. All Seedings Combined.
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n = 24. Counts are in the seeded center area. May not characterize entire plot in the early years.




Functional Group x Canada Thistle Est.
Lamberton, MN 2004 — 2012 Cycle

80 Cool only
-=- U3 Control
- U3 Clip
-+~ U3 Transline

- U3 Plateau
“ Warm only

60

Small, non-competitive,
usually vegetative

Canada Thistle Visual Cover

20
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Put it In the bank

Best time to seed? ¢
* |t depends!

Best functional mix?
* |t depends!

Early intervention helps?
 Maybe

Healthy prairie?
 Year 3to 4 may look very bad!

« 5to 7 years If politically feasible
— it will be OK!

® -
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Canada Thistle Biocontrol
Lake Agassiz National Wildlife Refuge

Stem-mining weevils released in fall 2007 and spring 2008
Monika Chandler, MDA



Native Cirsium spp. screened
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Field thistle

Hill's thistl
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Swamp thistle

All native thistles in Minnesota are Cirsium spp.



Cirsium Native Common Garden, established August 2015




Sequential no-choice oviposition tests

UNIVERSITY OF MINNESOTA
EXTENSION



No-choice larval development test

Number of
Species Scientific name Number of replications Numbers of adults emerged replications
with mining
Total With adult Total Megn per Ran.ge per
emergencetl replication | replication
Canada thistle Cirsium arvense 10 8 27 2.7 Oto 7 8
field thistle Cirsium discolor 8 6 112 14.0 0to 43 7
Flodman's thistle |Cirsium flodmanii 5 1 9 1.8 0to9 4
Pitcher's thistle Cirsium pitcheri 5 0 0 0.0 0 1
Hill's thistle Cirsium pumilum var. 52 0 0 0.0 0 0
hillii
swamp thistle Cirsium muticum 7 5 7 1.0 Oto 2 5
tall thistle Cirsium altissimum 5 2 6 1.2 Oto5 3
1Sum of alive and dead adults
AR
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Native Cirsium Common Garden 2016

CUMULATIVE THISTLE FLOWERING, BY CUMULATIVE GDD
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CUMULATIVE GROWING DEGREE DAYS

Tall Field Flodmans

Canada thistle phenology compared to native Cirsium species to inform biological control agent synchrony.
University of Minnesota, St. Paul Campus.
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usts for biocontrol?
histle rust

(Puccinia punctiformis) ‘

L

s
o

3) 350-360

Contents lists available at ScienceDirect Hi“]‘]gi

Control

Biological Control

journal homepage: www.elsevier.com/locate/ybcon

Successful establishment of epiphytotics of Ruccinia punctiformis @
for biological control of Arsum arvense

Dana Berner ", Emily Smallwood 2, Qraig Gavin #, Anastasia Lagopodi °, Javid Kashefi ©,
Tamara Kolomiets®, Lyubov Pankratova®, Zhanna Mukhina®, Michael Qripps’, Graeme Bourdét

SUSDA-ARS Foreign Disease-Weed Srience Ressarch Unit, 1301 Ditto Avenue, Rt Detrick, MD 21702-5023, USA
©Sthool of Agriculture, Aristotle University of Thessaloniki, GR 54124 Thessaloniki, Greeoe

©USDA-ARS Euiropean Biological Gontrol Laboratory, Tsimiski 43, 7th Floor, GR'54623 Thessaloniki, Greece
9All-Rusia Research Phytopathology Institute, VNIIF, B Vazemy, 143050 Mosoow Region, Russa

°Al-Russia Rce Research Ingitute, Belozerny, 350921 Krasnodar, Rissia

! AgResearch Ltd,, Lincoln, Frivate Bag 4749, Qhristchurch, New Zealand

highlights graphical abstract

« Rosettes of C arvense were inoculated
in the fall with telia-bearing leaves.

« Rosattes inoculations were done in
Greece, New Zesland, Russia, and the
usa

« Qonditions were favorable for
teliospore germination in the fall in
all fields.

« Ystemically diseased shoots resulted
from inoculations in all 13 field sites.

« Rosettes in the fall are the infection
court for basidiospore infection.

article info abstract

Artide history: Ganada thistle (Qrsum arvense, CT) is one of the worst weeds in temperate areas of the world. The rust
Received 2 April 2013 fungus Rucdnia pundtiformis was first proposed as a biological control agent for CT in 1893, The rust
Accepted 11 September 2013 causes systemic disease, is spedific to CT, and is in all countries where CT is found. Despite a 120-year
Availzble online 18 September 2013 lapse since biological control with the rust was proposed, establishment of epiphytotics of the rust have
- previously been unsuccessful due to incomplete understanding of the disease cyde. I this study, newly-
Keywords eemerging rosettes in the fall are proposed asthe physical and temporal infection courts for basidiospores,
Biological control from germinating teliospores, to systemically infect CT and give rise to systemically diseased shoots the
following spring. To test this hypothesis, rosettes of CT were inoculated in the fall with either tefia-bear-
iphytatics ing leaves collected in mid-summer or with greenhouse-prod uced teliospores. Field sites were located
Rust fungus near Kozani, Greece, Moscow, Russia, Christchurch, New Zealand, and R. Detrick, Maryland, USA Telia-
Sstemic disease bearing leaves, which were used as inoculum in 12 of 13 field sites, were collected near each field site
from CT shoots in dose proximity to systemically diseased CT shoots producing aeciospores in the spring.
Aeciospore infections of the leaves of these nearby shoots gave rise to uredinia which turned to tefia in
mid- to late-summer. Temperature and dew conditions a inoculation in the fall at each site were very
favorable for teliospore germination. Rosettes inoculated in the fall were marked with flags, and system-
ically diseased shoots emerging near these flags the following spring were recorded. In 11 of the sites in
these countries, individual rosettes were inoculated 2, 4, 6, or 8 times with telia-bearing leaves. Fropor-
tions of rosettes giving rise to systemically diseased shoots, out of the number of rosettes inoculated,
were analyzed. Inoculations in all 13 sites produced systemically diseased shoots. A separate study on
the phenology of CT showed that the maximum rate of leaf abscission occurred at the time of maximum

T corresponding author. Fax: +1 301 619 2880.
s Vv (D. Berner).

e front matter Published by Hlsevier Inc.
hitp://dx.doi org/ 10,1016/} 2013.09.010




Bacteria for biocontrol? a5 '
Pseudomonas syringae

Check (top left) §
plus 4 degrees
- of control

Jurg Hiltbrunner
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UNIVERSITY OF MINNESOTA
EXTENSION



Put it In the bank
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 There is no effective, specific
biocontrol program

 Rust may be making a comeback

 Forget about asters yellows




Why Do We Have Weeds Anyway?

Just because........

JNIVERSITY OF MINNESOTA




Wildlife |
Management
Area
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Gulick), Judy and Randy Markl, Dennis Opdahl

USFWS: JB Bright

MnDOT: Bob Jacobson

Dow AgroSciences: Mary Halstvedt, Louanne
Brooks
Stantec: Paul Bockensted

U of M: Lee Klossner, Brad Kinkaid, Doug Miller,
Jeanie Katovich, Mary Marek-Spartz, and a host of
summer students




Questions?
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