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Know your herbicides: 2,4-D and imazapyr
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Both 2,4-D and imazapyr are herbicides that have important applications for control of invasive plants in
Alaska. Information will be provided on the development of these compounds, their site of action,
mechanism of action and plant resistance to these herbicides. In addition, herbicide breakdown, drift,
safety and toxicology will be discussed. Information on plants controlled, sites where these compounds
can be used and the purposes that they have been used for in Alaska and other places will be presented.
The objective of this presentation is to prepare all users of these products with enough knowledge to
make good decisions about their use.
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So You Want to Use an
Herbicide in Your IPM Plan

Steven Seefeldt, PhD
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First Rule

e Do not think the herbicide will solve the
problem all by itself

— Preliminary management must be done
— Follow-up management must be done

* A one-method plan can lead to
— New problem weeds

— Herbicide resistance
— More lasting harm to native plants



Second rule

 Make sure you know the regulations

o Alaska Department of Environmental Conservation
pesticide page
e The links are there for determining
— If the product is legal in Alaska
— If the product is legal for your site
— If the product will control the pest
— If you need a certified applicator
— If you need a permit


https://dec.alaska.gov/eh/pest/index.htm

Third Rule

e Do not try to be covert
— Find out what Is needed
— Advertise what you are going to do
— Keep everyone informed
— Look for partners



Fourth Rule

e The label is the law



Plan for the next 30 minutes

e Detall about using 2 herbicides
—~2,4-D
— Imazapyr



 One of the first
e Acid — C4H.CI,0O,
 Numerous formulations
— Weedar
— Weedone

—LV4
— LV6




2,4-D

e Some similar formulations

2,4-D MCPA

2,4—dichlorophenoxyacetic acid t—chloro—2-methylphenoxyacetic acid

0.CHy.COgH

Dichlorprop (2,4, -DP)} Mecoprop { MCPE)

2—{2,4-dichlorophenox¥} o —{4—chloro—2-methylphenoxy}
propionic acid propionic acid

Fenoprop {Silwvex, 2_4,5-TP)
2-{2,4, 5-trichlorophenoxy}
propionic acid

C1

2,4-DB
{2 _4-dichlorophenoxy) butyric acid

Structures of 2,4—dichlorophenoxvacetic acid {£,4-D} and
chemically —related herbicides.




e And

2,4-D

et’s take a moment for Agent Orange

2,4-D MCPA

2,4—dichlorophenoxyacetic acid t—chloro—2-methylphenoxyacetic acid
O.CH5.C0zH
Dichlorprop (2,4, -DP)} Mecoprop { MCPE)

2—{2,4-dichlorophenox¥} o —{4—chloro—2-methylphenoxy}
propionic acid propionic acid

Fenoprop {Silwvex, 2_4,5-TP)
2-{2,4, 5-trichlorophenoxy}
propionic acid

C1

2,4-DB
{2 _4-dichlorophenoxy) butyric acid

Structures of 2,4—dichlorophenoxvacetic acid {£,4-D} and
chemically —related herbicides.



2,4-D

e Ester vs salt

— Ester formulations are good for penetrating
leaf cuticles

* The bigger the ester the greater the drift potential

— Salt (amine) formulations are good for cut
stem and injection applications
 More water soluable



2,4-D

e This molecule is similar to the plant
hormone indole acetic acid which is a
plant growth regulator

2,4-D IAA




2,4-D

o Effects cell wall plasticity, nucleic acid
metabolism and ethylene production
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2,4-D

* Plasticity
— Acidifies the cell wall

— Stimulates the a membrane bound ATPase
proton pump

— Results in reduced apoplasm pH

— Increases activity of enzymes responsible for
cell wall loosening

— Increases cell wall elongation




2,4-D

Nucleic Acid Metabolism

— Low concentrations stimulate RNA
polymerase, which increases RNA, DNA and
orotein synthesis and leads to uncontrolled
cell division and vascular tissue destruction

— High concentrations inhibit cell division In
meristematic regions which then accumulate
photosynthate




2,4-D

* Ethylene production

— Stimulates ethylene production that can lead
to epinastic growth




2,4-D

e Legal sites for use
— Crop ground (over 65 crops in USA)
— Forestry
— Right-of-way
— Aquatics
— Home lawns and other

e At 10-24 ppm can prevent fruit drop In
Citrus



2,4-D

 Mixed with many other herbicides

— However do not mix is ACCase grass
herbicides
« 2,4-D will slow grass plant growth for a week or so
» Grass plant then becomes less susceptible

 First big report of antagonism in weed science (2,4-
D and diclofop)



2,4-D

Mixed with many other herbicides
Maximum 8 pounds ae/acre/yr

Can be used in water — formulation matters
Most broadleaf vegetation susceptible
Foliar applied

No soll residual activity



2,4-D

 Clean your equipment after use as some
Crops are very sensitive

— Water and detergent in amines
— Alcohol or ketone solvents in esters

 Hard water can be a problem with amines
when there i1s more than 2000 mg/L of salt.

— Use jar test if concerned especially if applying
with fertilizer or another pesticide



2,4-D Absorption

 Amines best for roots and stumps Esters
best for foliar
— Need a 4 hour rain-free period

— Ester is rapidly converted to acid inside the
plant

— Crosses through membrane easily, but once
Inside the acid becomes an anion form and is
trapped

— May actively transport like 1AA



2,4-D Translocation

* Primarily through the symplast (phloem)
e Accumulates in the meristem

« Movement generally slower In grasses and
tolerant species

— Formation of immobile complexes
— Anatomical differences among plants



2.4-D Non-herbicidal uses

Induces rooting and blossom set at low
doses

Enhances red skin color of red potatoes
Delay pre-harvest dropping of some fruits

Commonly use In plant tissue culture as a
source of auxin




Resistance to 2,4-D

e Two species in 1957 (Daucus carota In
Ontario and Comelina diffusa in Hawaii)

e There are now 28 sites with a total of 15
weed species

* Resistance development has been slow.
— NZ example with Cardus nutans

http://weedscience.org/summary/resistbyactive.aspx



2.4-D movement In soll

 Mobile In soll but rapid microbial
degradation
— Average half life 2-7 days
— Average persistence 1-4 weeks

— In sandy solls with lots of water, is has moved
30-46 cm

— Normally less than 5% goes more than 15 cm
deep



2.4-D movement In air

o Larger ester formulations can volatilize

— When using ester formulations, be careful
around sensitive crops (read the label)

e Has a distinctive odor



2,4-D Toxicology

Acute oral — 699 mg/kg
Acute dermal — not toxic
Inhalation — not toxic

Acute eye Irritation — acid and salt
considered severe

Skin irritation — none
Skin sensitization - none



2,4-D Toxicology

Subchronic toxicity

— NOAEL of 1 mg/kg body weight of dog for 90 D
— NOAEL of same for 12 months

Carcinogenicity — none
eratogenicity — none

Metabolism — excreted in urine as 2,4-D
acid, half life in body of 5-17 hours

Immunotoxicity - none




2,4-D Toxicology

 Endocrine System — not a disruptor
e Mutagenicity — none



Imazapyr

First discovered In late 1970’s
First sales in 1984 for forestry
Acid Is C3H:N;0,
Saltis C,;H,,N,O,
Sold as Arsenal, Powerline, Habitat, etc.




Imazapyr

* This herbicide belongs to the ALS/AHAS
iInhibitors (Acetolactate Synthase also
called Acetohydroxy Acid Synthase)

— Blocks a key enzyme In biosynthesis of

branched chain amino acids (isoleucine,
leucine, and valine)



Imazapyr

* This herbicide belongs to the ALS/AHAS
iInhibitors (Acetolactate Synthase also
called Acetohydroxy Acid Synthase)

— Blocks a key enzyme In biosynthesis of
branched chain amino acids (isoleucine,
leucine, and valine)

— Actual sequence of events leading to plant
death is unknown

— Herbicide does not interact with the active site
of the enzyme, It covers It.



Imazapyr

 Typically yellowing around growing points
 Death after a couple of weeks
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Imazapyr
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Imazapyr

 And the enzyme itself




ALS fun story

 Weeds in wheat, harmony extra, and
spring peas In E. Washington




Imazapyr

e Legal sites for use PRE or POST
— On herbicide-resistant crops
— Forestry
— Right-of-way
— Aquatics
— Non-cropland

e Non-lonic surfactant needed for POST
applications



Imazapyr

Can be mixed with other herbicides

Can be used in water — formulation matters
Most vegetation susceptible

Has soil residual activity



Impazapyr

 Arsenal will corrode iron, steel, and brass,
but not to #304 stainless steel

* Clean equipment after use as some crops
are very sensitive with water and detergent
Do not store below freezing

* Reacts with acids, bases, and strong
oxidants



Imazapyr Absorption

* Foliar absorption rapid and will absorb
through roots



Imazapyr Translocation

 Through the xylem and phloem when root
or shoot absorbed

e Accumulates In the meristem



Imazapyr Metabolism

In tolerant plants — rapid metabolism by
hydroxylation of the imidazolinone ring to
form 2-carbamoylnicotinic acid and a
iImidazopyrrolopyridine derivative.




Resistance to Imazapyr

 The ALS family of herbicides is susceptible
to resistance
— Typically 4 years of continuous application

— Active site of enzyme not modified so no cost
to resistance

— Resistance levels are very high



Number of Species

# Resistant Species for Several Herbicide Sites of Action (WSSA Codes)
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Dr. lan Heap, WeedScience.org 2014



Amino Acid Substitutions

ALS inhibitor-Resistant Species by Amino Acid Substitution

Number of Species
0 5 10 15 20 25 30 35

31

Trp 574 to Leu
22
Pro 197 to Leu
Pro 197 to Ala
Pro 197 to GIn
Ala 122 to Thr

Ser 653 to Asn

Pro 197 to Arg

Ala 122 to Tyr
Gly 654 to Asp
Pro 197 to Asn

Pro 197 to lle

Ser 653 to lle

1
1
1
1
1
1
1
1
1
1
1

Trp 574 to Met
Dr. lan Heap, WeedScience.org 2015



Imazapyr movement in soll

* Generally weakly bound to soll
— More clay and OM more binding
— pH below 6.5 increases binding
— More binding as soil drys



Imazapyr Degradation

— Average half life in ponds 2-3 days

— Average half life 25-142 days

— Average persistence 3 months to 2 years
— Generally stays in the top 50 cm of soll

— No evidence of lateral movement




Imazapyr Toxicology

Acute oral — >5000 mg/kg

Acute dermal — >2000 mg/kg

Inhalation — >1.3 mg/L (maximum dose)
Eye irritation — in rabbit irreversible

SKin Irritation — none

Skin sensitization - none



Imazapyr Toxicology

e Subchronic toxicity
— NOEL 250 mg/kg body weight of dog for 90 D
— NOAEL 400 mg/kg for 12 months

e Mutagenicity — none
e Teratogenicity — none




Conclusion

It Is Important to know what you are
working with and how to use it for your
desired results



Conclusion

It Is Important to know what you are
working with and how to use it for your
desired results

* Remember Hephaestus



Conclusion

It Is Important to know what you are

working with and how to use it for your
desired results

* Remember Hephaestus
e Read and follow the label



Questions

1 VR
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