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&
AT IS HERBICIDE IVIODE«%.F
ACTION?? _2

0 J‘:mg Way a pest|C|de impacts the
@hemlcal processes responsible for its
= ect on plant growth

_H |mply put. The process by which the
herb|C|de controls the plant

ity




.
MDO,ALL HERBICIDES HAVEJHE g
SAME MODE‘OF ACTION??

ijtat many: different modes of action

. B} ffrent modes of action can have a profound
= c-ffect en how and when certain herbicides are

: They can also have a significant effect on how
~well the herbicide controls the target vegetation

~e Some modes of action can be incompatible with
another and vice versa

® The use of the same mode of action over time
can lead to herbicide resistance




MOP LOF ACTION CAN HAVE - SIGN iIHIF:eIfCANT

ECTS ON REFORESTATION'ACTIVITIES

A ——
o mmﬂ of appllcatlon

o mthod' ef application
RIN¢ eedr for adjuvants or other herbicides

i

= SFRotation of herbicide products to avoid
— fesistance

e It is important to understand how
herbicides work to maximize the efficacy
and efficiency of your vegetation
management program!




ERMINOLOGY, % o

0 Rf'a;m ENGENL(CORADSOED)NEDIGIEES,,

— o) I|e@il to:s0il before weeds are present and are
ﬁaken up by plant roots

— | @)(raZInone (Velpar DF), Atrazine (Aatrex),

@Ieantraxx Esplanade F

:“‘ =6, Pcast emergent (foliar or stem absorbed)
~ herbicides
- —Applied to plant leaves or stems

—Triclopyr (Garlon), Chopper (imazapyr), Accord
(glyphosate)




BTERMINOLOGY. o

eSIdua/ herbicides= can control plants with
HOBHaSEpENNHOMMHEISOIlISeIUtORM

SAtazine, aminopyralid (Milestone), hexazinone
@elpar \elossa)

e @’ontaa‘ herbiciaes - controls Or suppresses

-- =0 5y5z‘em/c herbicide - will move throughout the
plant in the xylem or phloem
— Triclopyr (Garlon), aminopyralid (Milestone),

clopyralid (Transline), imazapyr (Chopper),
glyphosate(Accord ), 2,4-D




o TERMIN OLOGY

N

A

©) Herb/CIde R65/5tance

by
reproduce followmg exposure to a dose of herb|C|de
n@rmally lethal to the wild type. In a plant, resistance
may/be naturally occurring or induced by such
o --technlques as genetic engineering or selection of
_ = variants produced by tissue culture or mutagenesis.”

Herb/c:/de Jolerance

—“the inherent ability of a species to survive and
reproduce after herbicide treatment. This implies that
there was no selection or genetic manipulation to
make the plant tolerant; it is naturally tolerant.”

.-.—-'
4‘"5.-.

Source: Weed Technology 12 (4): 789. 1998




V\Jr\ H, T MODES OF ACTION D@)“WE
HAVE AVAILABLE I\ FORESTRY77

JALS lnhlbltors (acetolactase synthase)
o P otosynthe5|s Inhibitors
319 @ inhibitors (protoporphyrinogen

5 X|dase)
*Growth Regulators
"o CBI's (cellulose biosynthase inhibitors)

e EPSP inibitors (5-enolpyruvylshikimate-3-
phosphate)




AISHINHIBITORS IN-FORESTRY*

SNiicrapyr (Chopper/Arsenal)
— e @Ier@llnone family
> Su meturon (Oust)
— "wulfonylurea family

fMetSUIfuron (Escort — Not in Ca)
— Sulfonylurea family

-® Penoxsulam (1/2 of Cleantraxx)
— triazolopyrimidine family
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‘\| MINHIBITORS IN F.F%ESTRY""

2 Iniflle ng tHEPALSIERZymMENMplantSIreSponSibl Mo s
1: EYiermation of three essential amino acids valing,
[Elieiner and iseleucine

Soll] n@l* foliar activity

J'

_ we lat the growing meristems

L

)
JH
.%:;—-4
;;—-.

Very systemlc herbicides and highly translocatable
o Tend to be highly effective herbicides

- & Plants can develop resistance (perennial ryegrass,
Russian thistle)

e \/ery compatible with EPSP inhibitors




e
RALS INHIBITOR SYMPTOMOLOGY,..

N

o !'R@gn. TninflelidleInNe) M itele) eXe
SHEBHYHEWER
° \/sﬂ[m
Chloesis

= ermlnal bud necrosis
,.... ;.';L-lttle leaves, “witches
?‘:-: = _bl:_oom”
o Slow, whole plant necrosis
(2-4 weeks)




e
‘Z‘APYR DAMAGEw.Nf'PINE""'"

0 fE/G fimazapyr .
Glelagelon pine ... ¢
BESEVere bud and

= -:-—r eedle stunting




- i,
ﬁ OSYNTHESIS INHIBITOJR%»S INi.
FORESTRY

> rJ““ @rZ|none (Velpar Df, Velossa)
ne (Aatrex)
= @th hexazinone and atrazine are in the

= - “trlazme herbicide family




-
TOSYNTH ESIS INHIBITORS i
FORESTRY

m- " -l -d

sm@ Hﬂhlt Reactlon (the light dependant transfer of
BlEGtions by chloroplasts that results in the
= beratlon of oxygen)
== ..PSlmpIy put, the plant cannot make food for itself
:f o Malnly soil active with limited foliar activity
“ e One of the oldest modes of action
o Symptomology is slow to appear.

e Symptoms rapidly proliferate with heat stress




SYMPTIOMOLOGY OF PHOTOSYNIHESIS
MINHIBITING HERBIGIDES™ %

(@ I@r®5|s of the
Plder Ieaves
-oncentrated

.'_'__ g ..,-_

il

= amund the veins
== whlch remain
; ~green
e | ater necrosis of
the leaves & plant




' g
= F—
L3 ™
i _
-:'_ o
— "5
r -
A

EXAZINONE, SYMPTOMSION PINES

\Juﬂ% I@rownmg of
Eedles) from the tips
J war@l*

|aSSIC hexazinone

wanury

= & Increases rapidly with

= “heat stress
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SSEPSP INHIBITORSH ™

B¥elyphosate (Accord XRT 11, Razor,
Blliccaeer, etc)
| ![%(cine family
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EPSP-INHIBITORS®

=l T e T

Mu_I@ @f actlon IS very similar to ALS inhibitors

J ntrr@Is plants bg iInhibiting the enzyme EPSP
WhIChRS iesponsible for the production of three
€ ~sent|al aromatic amino acids (tyrosene,

-ryptophan and phenylalanine)

ulli-'-*

__‘_ TLExftremer systemic and highly translocatable
¢-Non selective herbicide
‘o \Works extremely well with ALS inhibitors
e Foliar activity only
e Also prone to resistance issues (Italian ryegrass,
marestail, hairy fleabane, etc)
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PHOSATE DAMAGE:ON PINE™
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"GROWTH REGULATORS INF
FORESTRY

2 Y nlopyr (Garlon 3, Garlon 4 UItra)
— yradme family.

0 4-

= '-=___ Phenoxy family

B o (ronsine)

e
—
- F_'H

_‘—* _-;;__Pyradlne family
_e Aminopyralid (Milestone)
— Pyradine family
e FHuroxypyr (Vista)
— Pyradine family




'GROWTH REGULATORSING
FORESTRY

SREHOW " iegulator herbicides used in forestry are referred

to) synthetlc auxin type herbicides
“ﬂh@y mimicithe growth regulator effect of naturally

weeliiiing auxin in plants
BRhrextremely small doses, they can stimulate plant

[ e

gr@wth at normal use rates the cause rapid cell wall

= xpansion and death.
-~ o Growth regulators basically cause the plant to grow itself

~_ todeath
e Symptoms are obvious for growth regulators including
twisting and curling of leaves and stems.
e Some growth regulators can hinder other herbicides
activity on some species when tank mixed (i.e.
glyphosate with triclopyr or 2,4-D on deciduous brush)

Bl




L SYIYPTOMOLOGY OF PLANT GROWTH
SSREGUIATOR HERBIGIDES

e

SWVERStEmatic tissues

o Epifeseys
SUIStinG,
== Clpping, and

_3_5‘:-1“-’"-_: .

= clirling from
~ Uneven cell
~ growth
e Stem cracking : -
2,4-D drift on grapes




SSYAMRTOMOLOGY OF PLANT
ROWTH.REGULATORLHERBICIDES™

Root callus or swellm,g

Left to |ght (1 untreated (2)Rundup
Pro (3) 2 4-D(4) Garlon 3A (5)
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PPOMNHIBITORS IN-FORESTRY*"

SM@xyiiliorfen (1/2 of Cleantraxx, Goal,
Epaltender
Siphenyl ether family




B0 INHIBITORS IN FES"‘TY’"

J RJ{) lnhlblters control plants' by lnh|b|t|ng the PPO
Enzgymelproduced in the chloroplast that is needed to
prealce PPIX which is a precursor molecule for
I@rephyll needed for photosynthesis and heme needed

fieifelection transfer chains

~“§:O T,_hey also destroy lipids and protein membranes which
=cause cell leakage and drying of plant tissues

‘__‘- ‘Symptoms include necrosis of leaves and stems
e Foliar and soil activity
e Activity increases with light, temperature and humidity
e Generally controls annual broadleaves and some grasses




BBROINHIBITOR SYM PTOMOLGY.

mams develop'very. qU|ckIy (few
Hours Ol COUpPlEraifdays)

'i'ff..,_;_i;ndicated by initial water
Sheked appearance on foliage;
F_ ____UJ owed by rapid wilting, “burning,”

eaf: speckllng, browning and
ubsequent death.
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B CBI'S TN FORESTRY/ |

el i -

SMindaziilami (Esplanade F)
@jroalkyltriazine family




—
wCBI'S IN FORESTRY.#+

o WJ@ newest mode of action
SR aZitlamiis the most active CBL folind to dat
J }3 cdominantly pre-emergent activity
SRimhiitstcrystalline cellulose depostion in the
_ Iant cellfwall affecting cell wall formation,

ur ool

MSlon and elongation
*:"f*— Meristems

~  — Expanding cells
— Growing roots

¢ Cellulose synthesis process is complex and still
poorly understood

e |ittle or no effect on mature leaves and tissues




et . e W
W UNDERSTAND HERBICIDE:MODE, -

OFMGTION?? ©

erpreserptonstantigerbetter restlts
( co)f mlcally too')
|@:-h‘ group of weeds will be susceptible?
- owf can you maximize application efficacy?

= ,‘.,f_,,...ed' o know what symptoms to look for when

".‘l:‘l"l"-

=assessing performance issues

f"* Enables recognition of typlcal symptomology to
“evaluate or diagnose plant injury

e Need to manage to avoid herbicide resistance
e Determine compatability
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