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Integrated weed management

Chemical Cultural Physical
Sequential Good agronomic practices Tillage
Residual Crop rotation Cover crops
Multiple sites of action Seeding date

Well-timed Row spacing

Plant populations

Integrated weed management

Using multiple,
complementary weed

control practices

Prevention

Which of the following IWM practices do
you use most?
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Cover crops 0% 20% 20% 20% 20%
Cultivating
Shading from crop canopy
Spraying herbicides
All of these
R




Which of the following IWM practices do
you use most?

A.  Cover crops 25% 25% 25%
B. Cultivating
C. Shading from crop canopy
D.  All of these
< B
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Herbicide tolerance

The inherited ability of a species
to survive and reproduce following
herbicide application

° Naturally occurring trait

° Expected result due to herbicide
selectivity

25%

Why integrated weed management?

Herbicide resistance

Sustainability

Herbicide resistance

Herbicide selectivity

Application rate

Placement

Absorption and translocation
Metabolism or altered metabolism

Altered site of action
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Herbicide resistance

The ability of a formerly susceptible plant population to survive
herbicide doses greater than those that were once used to control the

original plant population

o Herbicide resistance is a heritable trait
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Herbicide resistant weeds in

Kansas

Palmer

Waterhemp Kochia Marestail
amaranth

ALS inhibitors
Group 2 (Classic, Harmony, Pursuit) X X X X
Plant growth regulators X X
Group 4 (2,4-D, dicamba, Starane Ultra)
PSIl inhibitors
Group 5 (atrazine) X X X
EPSPS inhibitor
Group 9 (glyphosate) X X X
PPO inhibitors 2 X
Group 14 (Cobra, Blazer) *
HPPD inhibitors X
Group 27 (Armezon, Callisto, Laudis)

. . 3- & 5-way
Multiple resistance (7-way?) 2-way 2- & 4-way

Research and Extension

Herbicide options for pigweed control

Preplant Postemergence
Corn Soybean Corn Soybean
o Atrazine o Chloransulam o Atrazine o Aciflurofen
o Flumioxizan e Firstrate o Dicamba ° Blazer
° Valor, Fierce o Flumioxizin = Distinct o Fomesafen
o Isoxaflutole ° Valor o Mesotrione o Reflex
> Balance Flexx o Imazaquin o Callisto o Lactofen
o Pyroxasulfone ° Scepter o Tembotrione o Cobra
° Zidua o Imazethapyr ¢ Laudis o Thifensulfuron
o Rimsulfuron-+thifensulfuron o Pursuit o Tolpyralate > Harmony
o Crusher o Pyroxasulfone ° Shieldx o Imazethapyr
° Zidua o Topramazone o Pursuit
o Saflufenacil o Impact o Imazamox
o Sharpen
o Sulfentrazone ’ Raptor .
- Spartan o Dicamba (Xtendimax)
o Glyphosate

!

2,4-D (Enlist,

Herbicide options for pigweed control

Preplant
Corn Soybean Corn
o Flumioxizan —Fisstrate o Dicamba
o Valor, Fierce ° Flumioxizin © Distinct
o Isoxaflutole ¢ Valor = Mesotrione
> Balance Flexx =—hmazaquin =—Calliste
o Pyroxasulfone —Seepter = Tembotrione
o Zidua %ﬂ?ﬁ* =—baudis
. =—Pursuit o Tolpyralate
o Pyroxasulfone o Shieldx
o Zidua =—topramazone
o Saflufenacil = Impaet
° Sharpen
o Sulfentrazone
o Spartan

Postemergence
Soybean
=—Aeiflurofen

=RBlazer
o Fomesafen
o Reflex

o Dicamba (Xtend)
eGlephoste
24D tenlist)
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Do you think you have weeds Do you think you have weeds
resistant to ALS-inhibitors? resistant to plant growth regulators?

A. True 20% 50% A. True

50% 50%
I I B‘False I I
als True False

True

B. False

Bl Bl

Do you think you have weeds Do you think you have weeds
resistant to triazines? resistant to PPO inhibitors?

50% 50%
A. True 50% 50%
B‘False I I B‘False
True True a

False

Bl Bl




Do you think you have weeds

resistant to HPPD inhibitors? CROSS RESISTANCE MULTIPLE RESISTANCE
50% 50%
h e Single mechanism confers resistance to  Multiple mechanisms confer resistance
B. False multiple herbicides to multiple herbicides
Negative cross resistance — genetic
change that causes resistance to one
herbicide causes ‘hypersusceptibility’
to another
Cross resistant common cocklebur Multiple resistant Palmer amaranth

Nontreated Chlorsulfuron (Glean) Glyphosate Atrazine

CLASSIC SCEPTER CLASSIC SCEPTER UNTREATED
1X 4X
SUSCEPTIBLE RESISTANT

Pyrasulfotole +
bromoxynil (Huskie)

Lactofen (Cobra) Mesotrione (Callisto)




Causes of resistance Altered Site of Action

Plant changes target site

TARGET-SITE MUTATION NON-TARGET-SITE MUTATION
One gene Susceptible Resistant
Develops faster Herbicide

Herbicide

Most cases observed in
o ACCase inhibitors (G1)
o ALS inhibitors (G2)

o PSII inhibitors (G5)

Site of Action Site of Action

Bl Bl

Increased Protein Expression Causes of resistance
Plant pro‘;‘:j‘;‘lg‘;trfbcl:pies of the target site Resistant TARGET-SITE MUTATION NON-TARGET-SITE MUTATION
> 1 gene
Herbicide

Herbicide Develops slower

o Begins with low degree of resistance

Cross resistance more likely

Site of Action

Site of Action

Most frequent form observed in
o ACCase inhibitors
o ALS inhibitors
o EPSPS inhibitor




Enhanced Herbicide Metabolism Reduced Absorption or Translocation

Plant alters &/or sequesters herbicide, making it ineffective Herbicide transport altered
Susceptible Resistant Susceptible Resistant
Herbicide
Herbicide
Herbicide f.k""‘- 1 (gets sequestered)
ENZYMES
-"u"‘. 'J:'r -QHI"-'“L‘ I
‘Sﬂ""f_s_ Herbicide

Site of Action
Site of Action

Site of Action ite of Action
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Best e i fine
P crop competitiveness, )
M a n ag e m e n t Use a diversified approach ;’:&":u’:: \ﬂtg’:e“t,t‘:rg "
PI’aCticeS 2 jobof suppressing weads e Scoutl ng

Facus on preventing weed- \ f_/ than slowr-growing upright
Seed production and reducing &é‘ / crops that produce feu Leaves.
for Herbicide Resistance N

toward weed management.

the number of weed seeds
in the soil seedbank.

Get a representation of the whole field

X et @f
a Pun(inmmwnfhuﬁelds%( :raxmlm;er:apnr':prim(\ o 5—10 Stops, Spread throughout

and then keep fields as .
ot e s it 4]0 st o At each stop, walk 10 paces and record the following:
1] Prant west-fee cropsed / Jo0% 3‘;“:;“:,‘;2;’2‘;:@\% Q o Weed species present — ID is critical
~lg— sl o Life stage or height of weeds
) Soaut s routinly. -—qv \’{‘b J] Marmuodse a‘m; o Lifecycle (summer annual, winter annual, perennial)
e &5, \
- 2“0?'0“ el @ o Severity of the infestation based on number of plants (Low, medium, high)

modes of action (MOAs) that

Before planting, before herbicide, after herbicide

are effective against the

i most troublesome weeds - g A —
’ or those most prone 2 qj > s w S of weeds into
é to herbicide resistance. the field by managing
Eké’A CTION e =

= Herbicide-Resistance 7 Apply the labeled herbicide rate
( Management at recommended weed sizes.




B t | | Understandthe ictogy = r,‘ ' § Enotasie ctrat practces
e S of the weeds present /& that suppress weeds by using

i Management e g A A
What weed is shown below? Practices e TR 45

Focus on preventing weed- _/ than Slowr-growing upright
seed production and reducing &,:g\ / crops that produce few Leaves
N

A. Kochia 25% 25% 25% 25% for Herbicide Resistance T o ot
v/ g Use mechanical and =
B. Marestail Vel biological management
3 Plantinto weed-free fields /\ practices where appropriate. (
. and then keep fields as
C. Palmer amaranth weed-free 2 possile e e @ 77
] U Prevent field-to-field and \
D. Waterhem 1003 within-field movement
P 1] Plantweedfreecropsed. [ St of weed seed or veaetative Q
» T R > h g -y reproductive Structures. Y,
f = ey e R N %
A \—w - ot .q.‘ =l & ) e
3 g | N ¥
3 SRR 5 Scout fieds routinely. o Ak 4
By 3 e P = N\ (\?) ' \tits} ” Manage weed seed at harvest
'}\‘\. - . ol < " B 7 | a g or ™ and after harvest to prevent
AN > f Usemttpt i a OQD“ abuildup of the weed Seedbank.
$ T 1 modes of action (MOAs) that 3 > 2
‘ are effective against the - -
> = ool ) most troublesome weeds « Prevent an influx —_—
Py ,{_0‘\\ kq:’@ (‘e&- S or those most prone f w . ]2 of weeds into
g < to herbicide resistance the field by managing
s & & Tk 4 7
| i GKACTION
St &
&A_u Q%“o ~— g Horbicide-Resistance 7 Hopl theabeled herbiiderte
- ( Management at recommended weed sizes.

Kochia {

Germination e |

Comman lambsquarters |

characteristics of Comeon e 1

Buarcucumber |

weeds interacts with Pommentvans emasticod |

Early-Emerging

=soenem Kochia emergence in Kansas

o Site Year Field @ Date 10% 10% 50% 90%

Growing Degree Days

Garden City 2010 NT 3/30 245 425 2369
Garden City 2011  NT 3/21 266 436 2400
Garden City 2011 T 3/21 279 443 1473
Hays 2010 T 3/10 173 300 590
Hays 2010 NC 3/24 23 148 430

Hays 2011 T 1/28 43 168 444
Emergence sequence and duration of hanih Al may | dun w1 Am Hays 2011 NC 2/6 96 223 511

summer annual weeds 0 200 400 EOD 8O0 1000 1200 1400 1800

2 years, Ames 1A 0D (T Manhattan 2011 NC 3/3 115 237 500

pase = 3 C Slarting January 1)

Common sunflower |

management Easlom black 4
practlces Comman cocklebur |

Velvalleal {
Glant foutall |
Jimsorweed

Fiald sandbur |
Barnyardgrass 1
Waally cupgrass |

Groen foxtall |
Yallow faxtail |
Fall panicum |

Shattercane |
Wenice mallow |

" {“ﬂ'“f”““ﬂ "

Late-Emerging

Redroo! pigweed |
Common walerhemp |

|

Iwyleal momingglary |

Werle et al., 2014 K' STATE Dille et al., 2017 K' STATE

Research and Extension

Research and Extension



Effect of temperature on
Palmer amaranth germination

Temperature Total Days to
(F) germination maximum
(%) germination rate

41 8 --

50 20 53

59 49 2.3

68 57 1.9

77 66 1.1

86 83 1.5

95 73 2.2
LSDy,05 12 1.5

Steckel et al., 2004
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Which weed would be more likely to be
suppressed by a fall cover crop?

A. Kochia 50%

B. Palmer amaranth

Palmer amaranth

Which weed would be more likely
to be suppressed by crop canopy?

A. Kochia

B. Palmer amaranth

Best
Management
Practices

for Herbicide Resistance

<

S
TakeaCTION

=g Herbicide-Resistance
( Management

50% 50%

Kochia Palmer amaranth

| Understand the oty 5 ,9‘ , ] Emphasizs cltral practice
of the weeds present. |\ that suppress weeds by usin}
O COMECVENESS, .~

meaning rapid-growing
2 Use a diversified approach bushy crops do a better

toward weed manasement _/ job of suppressing weeds ~

Focus on preventing weed- than Slou-growing upright

seed production and reducing @\ / crops that produce fouw Leaves

the number of weed Seeds

inthe soil seedbank. N\

'/ ) Lse mectanicaland ( e
\r{, biological management

3 Plant into weed-free fields ractices Where appropriate. (

and then keep fields as SN e s
weed-free as possible. ﬂ( @

Ty ][] Prevent field-to-field and \
003 within-field movement
% of weed seed or vegetative Q
) '7.":,
LJ/

4 Plant weed-free crop seed /
reproductive Structures.
S e U ] A

5 Scout fields routinely

b‘;}’ﬁv \'{(:b ] Mandge weed seedatarvest

= b and after harvest to prevent
fy Lse e eticide UDOQD“ a buildup of the weed Seedbark
o

modes of action (M0As) that
are effective against the =

most troublesome weeds «%+ §4 g Provent an influx N
STV —Y : p—
or those most prone RERa e~ ]2 of weeds into
to herbicide resistance. 3 :1 the field by managing _~
field borders.

7 Apply the abeled herbicide rate
at recommended weed Sizes.




Integrated pigweed management Integrated pigweed management
in Kansas in Kansas

2 crops, 2 years, 3 locations

Herbicide program provided |
Cover crop, row-width, cultivation, herbicides > 97% weed control

Row width reduced
pigweed growth in some
environments

Cover crop generally
suppressed pigweeds

Row width effects on pigweed density 8 WAP Cover crop effects on pigweed density 8 WAP

No herbicide, no tillage No herbicide, no tillage

Manhattan Ottawa MHK & Hutch  Hutchinson Ottawa Ottawa Manhattan Ottawa MHK & Hutch  Hutchinson Ottawa Ottawa
2 years 2 years 3 site-years 2018 2017 2018 2 years 2 years 3 site-years 2018 2017 2018
Palmer amaranth Waterhemp Palmer amaranth Palmer amaranth Waterhemp Waterhemp Palmer amaranth Waterhemp Palmer amaranth Palmer amaranth Waterhemp Waterhemp
NS NS 10"-26" rain 2 WAP 3.5” rain 2 WAP 42" rain 2 WAP 7" rain 2 WAP P<0.01 P<0.05 10"-26" rain 2 WAP 3.5” rain 2 WAP 42” rain 2 WAP 7” rain 2 WAP
70 NS a=0.05 NS NS 90 P<0.0001 P<0.01 NS NS
80
60
70
50
) o 60
3 . 3
£ 40 =30 inch Bl 50 = Cover crop
‘é m 15 inch ‘é = No cover crop
& 30 ®7.5 inch B 40
a
30
20
b 20
1
0 il . . 0 o ——

Soybean Grain sorghum Soybean
Means within a site-year followed by the same letter are similar.

Grain sorghum




Cover crop effects on pigweed height 8 WAP Best

No herbicide, no tillage

| Uiserctamd e sty ) r,‘ ' § rotuise aursatsracces
of the weeds precent "‘\I_J_) Tt T et weeds By uting

Management S AP
medmg régud grownng
i i o Usea diversifind approach bushy crogs do a better
Manhattan Hutchinson Hutcplrjson Ottawa PI’aCtlceS  embloyta poieash S e e
2 years 2 years 2018, 3.5” rain 2 WAP 2017, 42” rain 2 WAP oo rossiliag e thowr growing spright
Palmer amaranth Palmer amaranth Palmer amaranth Waterhemp . . . teed rouctionsed reducing \/ €063 that Produce feuw Leaves
60 P<0.1 P<0.05 P<0.05 P<0.0001 for Herbicide Resistance the sumber of weed Conds \_ 3’
{ the Sotl Seodank =
Use mechamcdl and F
L o %
50 3 Plast isto weed-froe folds Drictices where appropriate
and then kaep fiskds a5 ﬁ( @
weed-fres 2 paszinte
Prevent feld to-feld and
. 40 ][] withiz field movement %
g 1] Pact wseed-froe crop seed of weed Zeed or vegeRstive
< = Cover crop o repreductive Cructures D=
z 3 S ¥ o =
f B No cover crop 5 ey & \1[’0 ] ] Sy il St
?\06 — 30d after harvest to prevest
20 emuspurerticas 12 7)20° 21l o e wmed Comtark
b
modet of action (MOAS) that e
Ll o 3 -,
10 ' mect troublecome weeds 730 —3 1 ]2 Provent an uflux —_—
’ ' »~ Or thase mest prose K< vl K< ol of weoeds ity —
t2 herficide rezistance ? w the fleld by masaging  _~
fisld borders
0

Soybean Grain sorghum
Means within a site-year followed by the same letter are similar ( @=0.1).

Herbicide-Resistance a1 recommended weed ta
( Management

IakeACTION el

Herbicide sites of action

Group Site of Action (Mode of Action)

U n d e rStan d I n g S Ite S Of aCt I on 1 ACCase inhibitors (Lipid synthesis inhibitors)

Mode of action 2,9 ALS inhibitors, EPSP Synthase inhibitor (Amino acid synthesis inhibitors)
> How the herbicide affects the plant 3 Microtubule inhibitors (Seedling root growth inhibitors)
e Amino acid svnthesis inhibi
ino acid synthests nhibitor 4,19 Synthetic auxins, Auxin transport inhibitors (Growth regulators)
Site of action S ; . . o
5,6,7 PS Il inhibitors-3 unique sites of action (Photosynthesis inhibitors
o Specific binding site the herbicide interferes with o o q ; ( . y - . )
o EPSPS inhibition Lipid synthesis inhibitors, Long-chain fatty acid inhibitors, Site unknown
8, 15,16 . o
o Group 9 (Seedling shoot growth inhibitors)
Chemical family 10 Glutamine synthetase inhibitor (Nitrogen metabolism inhibitor)
o Elements in the molecule 12, 13,27 PDS inhibitor, DOXP inhibitor, HPPD inhibitors (Pigment inhibitors)
> Glycine 14, 22 PPO inhibitors, PSI electron diverter (Cell membrane disruptors)
17 Nucleic acid inhibitor (Undefined)

K-STATE K-STATE

Research and Extension Research and Extension



|49 species with resistance |

ALS Inhibitors (2)

Inhibit acetolactate
synthase (aka acetohydroxy
acid synthase)

o Necessary to produce
branched chain amino acids

(valine, leucine, isoleucine) Pu rsu It

Herbicide

Classic

For use on alfalta, beans and peas, birdsfoot trefol, clover,
edamame, peanit, and soybean
Actve Ingresert

v e
Torst:

|8 species with resistance |

Synthetic auxins (4) = EnlistOne
Activate auxin response genes = —
(bind to auxin receptor Remedy utra
protein)

° Regulate plant growth

Auxin transport inhibitor
(diflufenzopyr, group 19) used
as a synergist with dicamba

ALS-inhibitor |nJury to soybean
Symptoms in 3-14 d

o Shoots stop growing and turn
yellow,

° Purple veins — dicots
o “Bottlebrush” roots

Synthetic auxin injury to corn and
soybean

Symptoms appear in 7-14 days

o Bent/twisted stems and petioles [
> Misshapen leaves

o Short/thickened roots ‘



| 26 species with resistance

Photosynthesis Inhibitors (5) Triazine injury to soybean

Bind to D1 protein in PSII = Symptoms appear first on

> Blocks electron transport II AAtPEX4L older leaves, death in 5-10
> Stops CO2 fixation, ATP & days

NADPH production Herbicide o Leaf tip & margin necrosis
o Reactive oxygen and chlorophyll o o Interveinal chlorosis

form, chlorophyll lost, reactive . ==

species cause lipid peroxidization, ® 0

which causes leaky membranes DlMETﬁ!ScmDF 75%

(vith 310 o

ritnazn, 4 Aminod-(1,. et 2 {methyfituc 1 2. &-mazin 5 4H) 5%
mllﬂ'ml“n“ ==

K-STATE —

| 2 species with resistance

Pigment Inhibitors (Group 27) Callisto injury to gram sorghum
Carotenoids are necessary to S co p a I‘i a

dissipate reactive oxygen
o Without carotenoids, reactive
oxygen peroxidizes lipids,
destroying membranes

Symptoms include
white/creamy colored leaves
o AKA “bleachers”

A Callisto’
Herbicide

K-STATE —



| 4 species with resistance |

Cobra and Reflex injury on
PPO inhibitors (14) soybeans

Inhibit protoporphyrinogen oxidase SPARMN Symptoms appear in 3 days

o Necessary to produce chlorophyll o Bronzing, necrosis

. 4F Herbicide :
> Accumulated protoporphyrin IX results For Use Oy by Indiiduals/Firms Certiled ° Drawstring leaves
in formation of reactive oxygen and lipid Py ey ———
peroxidation i #R

Sharpen VALORY

. " vereicios 999 EZ
.
Powered by Kixor+* Herbicide R A
'WEEDS IN CLOVER, COTTON, DRY BEANS, FIELD
SOVBEAN, SUGARCANE, SUNFLOWER AN
S
For use in selected agricuttural crops. S SWEET POTATO, WHEAT. FALLOW
AND TO MAINTAIN BARE GROUND ON
NON-CROP AREAS OF FARMS.
Active Ingredient Bywt
moxann®

Other Ingredwents 586%
Total

IMAGE: D. PETERSON

| 3 species with resistance |

. ) . Chloroacetamide injury to grain sorghum and
Long -chain Fatty acid Inhibitors (15) soybean e ’

Interfere with very long chain Grasses that emerge may have | a8
fatty acid synthesis buggy-whipping; broadleaf
plants stunted, ‘drawstring’

- . e leaves, dark green
\*/ Zldua ( Z_ Dualll Magnum@ o Plants will germinate

Herbicide

A residual for use in agri crops Herbicide

IMAGE: D. PETERSON




Multiple effective sites of action

glyphosate + ALS-resistant Palmer amaranth

Herbicide Timing Effective sites
Authority XL (2 + 14)
Glyphosate (9) PRE 2

2,4-D (4)
Tavium (4 + 15)
Glyphosate (9)

EPOST 2

K-STATE

Research and Extension

Which of the following do you
practice in your herbicide program?

o0 w »

Rotating herbicide groups from year to year

Rotating herbicide groups within a year
Mixing groups within an application
More than one of these

K-STATE

Research and Extension

If you have glyphosate and atrazine-resistant
kochia, how many effective modes of action

are you using?

0

o 0w »

Table 3. Years until resistance occus (fiest year that crop yields fall below 75% of maximum, which b equivalent to weed densities exceeding
mnnﬂbrlsﬂm:mmdum-[ﬂw “mhﬁl“hw[ljl.dlmmhm
shawn in Tabile 1) penalties G52 ifitness i d gati
mm]mﬁlwﬂmmmumtmmw Results foe ather Bele i for clarity,
but follow the same

G5 G52 G53

Trequency Trequency frequency

Herbicide use pattemns 1 a1 100 1 al 100 1 ol 100 Rank
(1111 % 20 8 1 0 9 14 ] 7 [
nn L 9 4 8 9 4 7 9 4 7
3133 8 9 4 B 9 4 7 9 4 7
A 8 9 4 B 9 4 7 9 4 7
14 2 » n n » 1" 13 n 9 4
1234 18 n 10 L] n 10 15 L] 7 5
12141314 2 N 14 EL ] N 16 M 3133 0 2
124134 % 32 12 % 33 12 0 % 9 3
11241134 32 50 “ 34 50 16 Fol 30 10 2
111422243334 2 N 10 2 N 10 18 2 ] 4
MIZMI34 N N 12-38 N N N S1-N 28% N 1718 1
MIZM1314 N N 25-27 N N aa N N 16 1

K il i X I il ) .
2323 8 10 5 8 10 5 7 9 4 £

- LE) L T ™ e T Ly 1] L

2 15 19 7 15 19 7 12 15 6 ¥
M23MzI42 15, 1821 ' 15 19.25 I 13 1817 6l 2
MIZMI340 2844 N 15 N N 3 17-20 22N 35% 9 1
[ EvErrEE LD e b 70 r L] bl 7 T 1] g 4

N indicates that resistance did not occur within 60 years of simulation. In most cases the same result was found in all 100 replicate runs, in which case
the single result i reported, otherwise the range if reported 9. 26 - 37 means resistance occumed as late as 27 years ancl as early 25 25 years) and, if
relevant, f replicate runs in of simulation. The rank column indicates the relative effscacy
of the strategy in delaying resistance under GS1, which is not affected by allele {mqmm.'c‘ﬂ versus GS1 (1 = most effective: 7 = least effective). Bold
wvalues indicate where G52 makes a difference versus GS1

* These simalations assumed existing trifluralin resistance and are ranked separately.

25% 25% 25% 25%

1
2
3

Herbicide

Atrazine (5)

Glyphosate (9)

Dicamba (4)

0

K-STATE

Research and Extension

1, trifluralin (dinitroaniline, G3);

2, prosulfocarb + S-metolachlor
(thiocarbamate +
chloroacetamide, G8 + 15);

3, pyroxasulfone (pyrazole, G15);

4, propyzamide (benzamide, G3).

Research and



Modeling the effects of herbicide rotation on
trifluralin-resistant annual ryegrass

S A x
© o ‘ h
'4 s ¢
o 4 a A .U
o / & i o
- o ¥ 2 shoot inhibitor fb shoot inhibitor
/

Weeds m ©
0.1

0.01
L

. £4
/u-i' g i w, 2 shoot inhibitor fb shoot inhibitor fb root inhibitor
k]
o

J 2 shoot inhib+shoot inhib fb 2 shoot inhib+shoot inhib fb root inhib
T Tri+2 shoot inhib fb tri+shoot inhib fb root inhib

(2 shoot inhib fb shoot inhib fb root inhib)x3

then tri fb tri fb root inhib fb 2 shoot inhib fb shoot inhib fb root inhib

10

4
20
Year

— 2 b 2420

v X MIIMIIA

MM

- R

Pigweed seed retention at

soybean maturity

State Seed Retention (%)
2013 2014

AR 99.98+0.00 99.85+0.05

IL  99.95+0.03 =
Palmer NE 98.89+0.23  99.93+0.02

amaranth - -
MO 99.98 + 0.00 99.67 +0.20

TN 99.96 + 0.01 -
IL 99.98 + 0.01 94.98 +0.94
NE  99.99+0.00 99.63+0.10

Waterhemp

MO 100.00+0.00 99.84 +0.04
wi 99.96 + 0.01 98.80+0.30

Schwartz et al., 2016

Best | Derctan h ik %@ § rstuiie it sracuce:
Management mmve Y sgmamm,

medmng rigud grownny
Uzt a dversified approach

Practices St \&// St 7
N

an tlow growny wnght
Zaed production Ind redutisg Cro0s Tt produce tew ledves
The mumber of used Cendl

m the Soil Seodink

for Herbicide Resistance

: q e ooctamcatand f
Y\ binlogizal maragement
3 Plantisto weed froefields  ~ Drictices whers appropriate. @
and then kaep fiskes 5 <
weed-free ¥ peszidle ﬁ(
10 Provent fielg to field and %

withia field movement

of weed Zeed or vegetitue

repreductive Sructures \

llﬂnurd‘rum:zed

S ¢ =
5 Scout fislss routinely & n[
AR \Up ] Manage weod ssedat v
(\(\_/- > 20 after harvest to prevest
Ucs mulsiple herbicide 00 (§) 2 benddeg) of e wred Somdbark
madet of action (MOAS) that e

are effective JgRUGt the K.
mect trovblesome weeds 74

[y orthosemostprone ' doicdy
T k t2 herfucide resistance. ?
? eAcr I ON 7 Dfm: ::;'m‘n’rm ‘g‘l

. ]2 Prevent an uflun —_—
. of woeds nto =
the field by masaging
fisld borders ==
= Herbicide-Resistance
( Management

HWSC effects on Palmer amaranth seedbank
at soybean harvest

20000 Seed bank decreased over time
3-pass herbicide program
35000
By year 3, all treatments reduced
30000
seedbank compared to no fall
& 25000 treatment
g
2 .
g 20000 “Rescue” option?
&
15000
10000
5000 I I
0 [ |
a dacbd bd a c b e ab de a d a f b g bcd c e
2011 2012 2013
m No fall ~ No fall + residual Rye cover crop Rye cover crop + residual

B Windrow + burn Windrow + burn + residual Residue removal Residue removal + residual
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Grower adoption of HWSC in Australia

Narrow-windrow

burning Chaff tramlining Chaf cart Bale-direct system
Cropping region
and zone Adoption” Crop area” Adoption Crop area Adoption  Crop area Adoprion  Crop area Total adoprion
o
Northern 4 23 13 77 1 78 1 15 19
Qld Ceneral - - 18 88 4 78 - - 22
NSW NE/QId SE - - 18 71 - - - - 18
NSW NW/Qld SW 11 23 4 75 - - 2 15 17
Southern 28 23 o 70 1 63 4 7 39
NSW Cenrral 12 30 2 100 - - 2 10 16
NSW Vic. Slopes 33 29 12 63 . . 12 14 57
SA Midnorth-Lower 31 15 - - 4 S0 - - 35
Yorke Eyre
SA Vie Borderown- 38 13 2 100 4 45 44
Wimmera

SA Vie Mallee 21 18 [ 39 - - 6 37 33
Vie. High Rainfall & Tas, 33 34 12 82 2 a0 2 o0 49
Western 51 30 4 86 7 59 1 13 63
WA Cenrral 56 25 7 70 13 57 2 5 78
WA Eastern 45 33 4 a0 - - - - 49
WA Sandplain-Mallee 33 23 4 100 9 73 3 20 48
WA Northern z5 36 3 100 8 47 - - 86
National average 30 26 7 76 3 61 3 25 43

Walsh et al., 2017
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Wrap up

Various forms of herbicide resistance are common in Kansas in multiple species

Using cultural or mechanical weed management can improve activity of
herbicides and reduce selection pressure leading to herbicide resistant weed
populations

Mixing multiple herbicide groups is more effective than rotating herbicide groups

Consider practices to reduce deposits to weed seedbank

Research and Extension

| 15 species with resistance |

ACCase Inhibitors (1)
Inhibit acetyl Coenzyme A Poas t Plus

carboxylase in grasses

o Required for lipid synthesis within herbicide
the plant e e
o Prevents cell membrane development xw e b S |

I DuPont™ Assure® Il
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ACCase inhibitor injury to corn

Symptoms start in 2-4 > -
days, plant death takes up g
to 7 days

o Susceptible plants stop =54
growing, leaves turn purplish
then necrotic, leaf sheaths fall
away

o Whorl easily removed from
plant

Modeling the effects of herbicide rotation on
trifluralin-resistant annual ryegrass
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