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Effective Chemical Weed Management

Herbicide application and placement
Herbicide uptake

Herbicide translocation
-movement within the plant through xylem and
phloem tissue

Herbicide toxicity and activity

Herbicide metabolism and degradation



Mode of Action-Definitions

-Sequence of events from herbicide absorption to
plant death

-Mechanisms by which a herbicide causes plant
death

-The suite of plant process interfered with by a
herbicide at the tissue or cellular level

-How a herbicide kills a plant



Site of Action

-Place in the plant where the herbicide acts...
- specific mechanisms of action...

-Organized by "Groups”
-Group number usually printed on the label



Herbicide Classification for
Resistance Management

Herbicides are
grouped by site of
action

Users are able to
deterr_mn_e related
chemistries

EPA and Agriculture
Canada are calling

for voluntary labeling

that would include
group number

%kl)ow AgroSciences

PowerFlex

Herbicide

™Trademark of Dow AgroSciences LLC

For postemergent control of annual grass and
broadleaf weeds in winter wheat.

T —

| HERBICIDED

Active Ingrediant:
pyroxsulam: N-(5,7-dimsthoxy[1.2 lriazolo
[1.,5-a]pyrimidin-2-yl}-2-mathoxy-
4-{tnfluoromethyl}-2-pyridinesulfonamide ......... werieans
L Tl T Ta Tt = TSP

Contains 0L075 b of active ingredient per pound of product,

EPA Reg. Mo, 62719-569




Herbicide-Resistant Weeds

and Their Management

When planning a herbicide program to prevent
resistance, do not use herbicides from the same
group maore than once within three years.

This publication contains the

Guide for Herbicide Rotation

reference poster

The authors—Carol Mallory-Smith, Professor of Weed
Science, Oregon State University; Andy Hulting, Assistant
Professor and Extension Weed Specialist, Oregon State
University; Donn Thill, Professor of Weed Science,
University of Idaho; Don Morishita, Professor of Weed
Science, Umiversity of Idaho; Jen Krenz, Faculty Research
Assistant, Oregon State University.
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Pacific Northwest Weed Management Handbook
m This handbook is designed as a quick and ready
reference for weed control practices and herbicides
usedinvarious cropping systems or sites in |daho,
Oregon, and Washington.

) All PNW Handbooks
@ Weed Management Handbook

This handbook will be useful to Extension agents,
company field representatives, commercial spray
applicators and consultants, herbicide dealers,
teachers, and producers.

Recommendations are based on research results
from the Agricultural Experiment Stations and
Extension Senvices of Oregon, Idaho, and
Washington. Afew suggestions are included from
research conducted in other states, and from U.S.
Department of Agriculture research centers. In all
cases, authors make every effort to list only
registerad herbicides, and to ensure that the
information conforms to product labels and
company recommendations.

Field bindweed (Comvolvulus anvensis) thrives in the high moisture and
fertility conditions of crops such as blueberries, reducing yield and
interfering with harvest.

Fhoto by Ed Peachey, @ Oregon State University



Herbicide Handbook
Weed Science Society of America
Tenth Edition, 2014
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Synthetic Auxins-Group 4

Mode of Action

— These herbicides disrupt hormone balance and
protein synthesis in plants, leading to a variety of
plant growth abnormalities

Chemical Families
— Phenoxy Acetic Acids: 2,4-D, 2,4-DB, MCP
— Benzoic Acids: dicamba (Banvel)

— Pyridines: fluroxypyr (Starane), picloram (Tordon),
clopyralid (Stinger), triclopyr (Garlon 4),
aminopyralid (Milestone)



Synthetic Auxins-Group 4

Site of Action

— Site(s) of action is unknown, believed
to have multiple sites of action

Translocation

— Extensively translocated in xylem and
phloem, herbicides accumulate in
newest leaves and meristems



Synthetic Auxins-Group 4

Uses / Notes

— Primarily “broadleaf killers,” used for postemergence broadleaf
control in corn, wheat, rye, barley, turf, pasture, roadsides

— Often have some soil activity
Symptoms

Broadleaf weeds / crops:
— Stem twisting and epinasty (downward twisting)

— Leaf malformations (leaf cupping, crinkling, strapping [parallel
veins], puckering, bubbling)

— Callus tissue formation



Leaf rolling Stem twisting



Leaf crinkling Parallel venation or
strapping









Callus tissue formation in corn




Amino Acid Synthesis Inhibitors-Group 2

Mode of Action

— Inhibits a specific enzyme (single site) which
prevents production of essential amino acids

Chemical Families

— Imidazolinones: imazethapyr (Pursuit), imazamox
(Beyond), imazapyr (Arsenal or Habitat)

— Sulfonylureas: chlorimuron (Classic), nicosulfuron
(Accent), primisulfuron (Beacon), thifensulfuron
(Harmony GT), halosulfuron (Permit), chlorsulfuron
(Glean or Telar), mesosulfuron (Osprey)



Amino Acid Synthesis Inhibitors-Group 2

Other Chemical Families

— Triazolopyrimidine:
florasulam (Orion)
pyroxsulam (PowerFlex)

— Sulfonylaminocarbonyl-triazolinone:
flucarbazone (Everest)
propoxycarbazone (Olympus)



Amino Acid Synthesis Inhibitors-Group 2

Site of Action

— Imidazolinones and Sulfonylureas prevent production
of three essential amino acids by inhibiting the same
enzyme, acetolactate synthase (ALS)

Translocation

— Move through xylem and phloem and accumulate in
meristematic region, you will see injury on new
leaves



ALS Inhibition

ALS Enzyme Action Inhibition of ALS Enzyme
- substrate binds to enzyme - herbicide blocks normal
substrate
Herbicide

Substrate

I__/I\\.!_!_/'g1

Substrate



Amino Acid Synthesis Inhibitors-Group 2

Uses / Notes

— PRE/POST weed control in various crops
— Immediate growth cessation

— Slow to develop, gradual chlorosis followed by
necrosis of newest growth after several days

— Death of growing point

— Stunting, slow growth, death of plant may take up to
28 days

— IMI’s and SU'’s are difficult to distinguish between



Stunting, purpling, chlorosis



Red or purple leaf veins



Amino Acid Synthesis Inhibitors-Group 2

Symptoms
Grass symptoms:

— General stunting

— Purpling of leaves, interveinal chlorosis of newly
emerging leaves

— Chlorotic bands near base of leaf blade
— Lateral root pruning = bottle-brush appearance
— Irregular leaf shape (crinkled and wavy leaf margins)



Chlorosis and purpling in jointed goatgrass



Chlorosis and purpling in jointed goatgrass



Translucent leaf

Chlorosis and

tissue

purpling



EPSP Synthase Inhibitors-Group 9

Mode of Action

— Inhibits a specific enzyme (single site)
which prevents production of essential
amino acids

Chemical Familiy
— Glycines : glyphosate
(RoundUp formulations and others)



EPSP Synthase Inhibitors-Group 9

Site of action

— Glycines prevent production of three other
essential amino acids by inhibiting EPSP
Synthase

Translocation

— Move through xylem and phloem and
accumulate in meristematic region, will see
injury on new leaves



EPSP Synthase Inhibitors-Group 9

Uses / Notes

— Burndown applications preplant or chem fallow

— POST weed control in various glyphosate-tolerant
crops

— Nonselective spot spraying applications

— Slow to develop, gradual chlorosis followed by
necrosis of newest growth after several days

— Death of growing point

— Stunting, slow growth, death of plant may take

up to 28 days
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ACCase Inhibitors-Group 1

Mode of Action

— Prevents the formation of fatty acids, which are
essential for the production of lipids. Lipids are
vital in the integrity of cell membranes and thus
new plant growth

Chemical Families

— Cyclohexanediones: clethodim (Select Max)

— Aryloxyphenoxypropionates: quizalifop (Assure Il)
— Phenylpyrazoline: pinoxaden (Axial XL)



ACCase Inhibitors-Group 1

Site of Action
— Inhibits the ACCase enzyme which ceases the
synthesis of fatty acids

Translocation
— Symplastic movement - translocate to all areas
of new growth via phloem, no soil activity

Uses / Notes
— Postemergence “grass killers” , no BL activity
— Control many annual and perennial grasses



ACCase Inhibitors-Group 1

Symptoms

Only on Grasses:

— Injury first appears on new emerging whorl leaves

— Immediate growth stoppage

— Very gradual discoloration of tissue

— Slow acting, symptoms take 7 to 14 days to show up
— Chlorosis to reddening followed by necrosis of grass
whorl

— Can pull out dead whorl, an early indicator

(growing point separates from rest of the plant)



'

”

Growing point separation




ALS inhibitors vs. ACCase inhibitors

Inhibited growing points Necrosis of growing points



Chlorosis and necrosis in wild oat




Necrosis of growing point / translucent leaf



PPO Inhibitors-Group 14

Mode of Action
— These herbicides disrupt cell membranes

Chemical Families

— Bipyridyliums: paraquat (Gramoxone)

— Diphenylethers: oxyfluorfen (Goal)

— N-phenylphthalimides: Flumioxazin (Chateau)

— Aryltriazolinones: carfentrazone-ethyl (Aim)
sulfentrazone (Spartan)



PPO Inhibitors-Group 14

Site of Action

— Light causes the formation of free radicals. These
radicals rupture plant cell membranes resulting in
a rapid browning of tissue

Translocation
— None or very limited, necrotic spots

Uses / Notes
— Mostly foliar-applied - uptake into leaves
— Some soil-applied - root and shoot uptake



PPO Inhibitors-Group 14

Symptoms

— Symptoms vary somewhat with herbicide and
spray additive

— Rapid necrosis of plant tissue (1 to 2 hours)

— Leaves may have a water-soaked appearance or
burned appearance followed by wilting an rapid
desiccation

— Burnt, crispy brown tissue, leaf speckling
— Only kills the tissue it comes into contact with
— Plant parts not covered may survive

— Activity increases with sunlight, temperature, and
humidity



|

Water soaked spots  Necrosis of leaf tissue






Necrosis of leaf tissue




Spottig of Iéai‘ tissue in corn



Inhibitor of 4-HPPD-Group 27

* Inhibitor of 4-HPPD-Group 27
— translocated to plant growing points
— inhibits plant pigment biosynthesis
— chlorophyll is destroyed, “bleaching” effect

« Chemical Families: Isoxazole and Triketones
— pyrasulfotole + bromoxynil (Huskie)
— mesotrione (Callisto)

- Potential to manage ALS resistant broadleaf
weeds









Bleaching of
new growth
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Herbicide-Resistant Weeds

and Their Management

When planning a herbicide program to prevent
resistance, do not use herbicides from the same
group maore than once within three years.

This publication contains the

Guide for Herbicide Rotation

reference poster

The authors—Carol Mallory-Smith, Professor of Weed
Science, Oregon State University; Andy Hulting, Assistant
Professor and Extension Weed Specialist, Oregon State
University; Donn Thill, Professor of Weed Science,
University of Idaho; Don Morishita, Professor of Weed
Science, Umiversity of Idaho; Jen Krenz, Faculty Research
Assistant, Oregon State University.
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Resource
Recommendations

http://extension.oregonstate.edu

OSU EXTENSION SERVICE

Learn About Extension News Publications &
Resources

Multimedia Ctalu (

-‘r:"} 3 |~'-:,‘F§':lr f ]
1 e I‘%

Public invited to observe lambing at . b s A
05U Sheep Center g

Youth, Family & Community

Gardening

Finding Help in ToughTimes

Managivg ive dollenges of the 2000 woasien

Agriculture

Forestry
Natural Resources
Environment & Marine

Sciences

Former Tanzania Peace Corps leader
heads 05U Extension in Partland area

Preventing foodbome ilness
. Oregon’s

Agricultural Northwest Gardeners Bﬂews

Progress
Magazine Im thgs pisme.

Ellslailn'c'ltllh(‘:qr
Yours ok

- Weeds of -
‘ @Ilﬁnla and

4 Other Western‘States

PNW Handbook

MANAGEMENT HANDBOOK http://pnwhandbooks.org/weed/
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http://pnwhandbooks.org/weed/
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