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Why Control Weeds?Why Control Weeds?

direct competitiondirect competition
physical disruption of irrigationphysical disruption of irrigation
frost protectionfrost protection
harbor other pestsharbor other pests
ease and quality of harvestease and quality of harvest



Annual WeedsAnnual Weeds

Grass weedsGrass weeds
annual bluegrassannual bluegrass
barnyardgrassbarnyardgrass
large crabgrasslarge crabgrass
fall panicumfall panicum
wild barleywild barley
wild oatwild oat
witchgrasswitchgrass
annual ryegrassannual ryegrass

Broadleaf weedsBroadleaf weeds
cheeseweedcheeseweed--malvamalva
groundselgroundsel
mustardsmustards
horseweedhorseweed
pigweedspigweeds
filareefilaree
lambsquarterlambsquarter
purslanepurslane



Perennial WeedsPerennial Weeds

bermudagrassbermudagrass
curly dockcurly dock
dallisgrassdallisgrass
dandeliondandelion

field bindweedfield bindweed
JohnsongrassJohnsongrass

nutsedgenutsedge
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Basic Methods of Weed Basic Methods of Weed 
ControlControl

Cultural and MechanicalCultural and Mechanical
Disking Disking 
FlamingFlaming
Mulching (synthetic or organic)Mulching (synthetic or organic)
Hand hoeingHand hoeing
CovercropCovercrop + Mowing+ Mowing



DiskingDisking

AdvantagesAdvantages
no weed resistanceno weed resistance
nonnon--chemicalchemical
clean at harvestclean at harvest











DiskingDisking

Advantages Advantages 
no weed resistanceno weed resistance
nonnon--chemicalchemical
clean at harvestclean at harvest

DisadvantagesDisadvantages
injury to treeinjury to tree
dustdust
compactioncompaction









FlamingFlaming

AdvantagesAdvantages
no resistanceno resistance
no residueno residue
non non ‘‘chemicalchemical’’





FlamingFlaming

Advantages Advantages 
no resistanceno resistance
no residueno residue
non non ‘‘chemicalchemical’’

DisadvantagesDisadvantages
timing important timing important 
(season and size)(season and size)
not  as good on grassnot  as good on grass
costcost









MulchingMulching
AdvantagesAdvantages
no resistanceno resistance
can last for yearscan last for years
retain moisture retain moisture 





MulchingMulching

Advantages Advantages 
no resistanceno resistance
can last for yearscan last for years
Retain moistureRetain moisture

DisadvantageDisadvantage
can harbor pestscan harbor pests
costcost
difficulties at harvestdifficulties at harvest
favors perennialsfavors perennials
inconsistent controlinconsistent control





Hand HoeingHand Hoeing

AdvantageAdvantage

ExcellentExcellent controlcontrol
No weed resistanceNo weed resistance

NonNon--chemicalchemical



Hand Tools



Hand HoeingHand Hoeing

AdvantageAdvantage

Excellent controlExcellent control
No weed resistanceNo weed resistance

NonNon--chemicalchemical

DisadvantageDisadvantage

CostCost
TimeTime

Availability of Availability of 
LaborLabor



CovercropCovercrop + Mowing+ Mowing

AdvantagesAdvantages
increased water penetration increased water penetration 
competition with weedscompetition with weeds
orchard access in winter orchard access in winter 
may increase may increase beneficialsbeneficials





CovercropCovercrop + Mowing+ Mowing

AdvantagesAdvantages
increased water penetration increased water penetration 
competition with weedscompetition with weeds
orchard access orchard access 
in winter in winter 
beneficialsbeneficials

DisadvantagesDisadvantages
favors lowfavors low--growing growing 

and perennial weedsand perennial weeds
leaves summer leaves summer 
annuals at harvestannuals at harvest

competition if growing competition if growing 
near treesnear trees





Question: When is a weed Question: When is a weed 
not a weed?not a weed?



Answer: When its resident vegetation



Basic Methods of Weed Basic Methods of Weed 
ControlControl

Cultural and MechanicalCultural and Mechanical

ChemicalChemical



Chemical MethodsChemical Methods

totaltotal herbicide treatments herbicide treatments 

chemical mowingchemical mowing

strip treatmentstrip treatment



Herbicides registered for use Herbicides registered for use 
in Walnutsin Walnuts 

PrePre--emergenceemergence
oryzalinoryzalin

pendimethalinpendimethalin
trifluralintrifluralin
diurondiuron

rimsulfuronrimsulfuron
pronamidepronamide

norflurazonnorflurazon
simizinesimizine

napropamidenapropamide
oxyflurofenoxyflurofen
flumioxazinflumioxazin
thiazopyrthiazopyr



Herbicides registered for use Herbicides registered for use 
in Walnutsin Walnuts 

PostemergencePostemergence
halosulfuronhalosulfuron
glyphosateglyphosate
paraquatparaquat

sethoxydimsethoxydim
carfentrazonecarfentrazone

MSMAMSMA
glufosinateglufosinate

2,42,4--DD
clethodimclethodim
fluaizifopfluaizifop



Chemical ControlChemical Control

Advantages Advantages 
Cost (in some cases)Cost (in some cases)
Consistent results Consistent results 
Ease of ApplicationEase of Application
Frost ProtectionFrost Protection
Easy on tree rootsEasy on tree roots





Chemical ControlChemical Control

Advantages Advantages 
Cost (in some cases)Cost (in some cases)
Consistent results Consistent results 
Ease of ApplicationEase of Application
Frost ProtectionFrost Protection
Easy on VinesEasy on Vines

DisadvantagesDisadvantages
Cost (in some cases)Cost (in some cases)
Possible drift damagePossible drift damage
PaperworkPaperwork
ResistanceResistance



Herbicide ResistanceHerbicide Resistance

““The inherited ability of a plant to The inherited ability of a plant to 
survive and reproduce following survive and reproduce following 
exposure to a dose of herbicide that exposure to a dose of herbicide that 
would normally be lethal to the wild would normally be lethal to the wild 
typetype””

from Prather, DiTomaso and Holt UCANR PUBLICATION #8012



Weeds with some Tolerance to Weeds with some Tolerance to 
GlyphosateGlyphosate

AnnualsAnnuals
Green foxtailGreen foxtail
Annual Annual morningglorymorningglory
FilareeFilaree
KnotweedKnotweed
Stinging nettleStinging nettle
HorseweedHorseweed
CockleburCocklebur
PuncturevinePuncturevine
CloversClovers
VetchVetch
Bristly Bristly oxtongueoxtongue
Turkey MullenTurkey Mullen

PerennialsPerennials
Curly DockCurly Dock
BermudagrassBermudagrass
DandelionDandelion
CheeseweedCheeseweed
Field BindweedField Bindweed
NutsedgesNutsedges
Buckhorn plantainBuckhorn plantain



Herbicide ResistanceHerbicide Resistance

If you have been spraying the same weeds with If you have been spraying the same weeds with 
the same herbicide for several years and have the same herbicide for several years and have 
been getting good control and then you begin been getting good control and then you begin 
to see to see ‘‘escapesescapes’’--



Herbicide ResistanceHerbicide Resistance

If you have been spraying the same weeds with If you have been spraying the same weeds with 
the same herbicide for several years and have the same herbicide for several years and have 
been getting good control and then you begin been getting good control and then you begin 
to see to see ‘‘escapesescapes’’--

You may have the beginning of You may have the beginning of 
resistance!resistance!





Normal sensitive population

Presenter
Presentation Notes
This animation (use the viewer) illustrated the development of resistance in a field situation by use of one herbicide continually. The first stage is a sensitive field. As was explained earlier, there may be one or two individuals in a normal population which are resistant to a particular herbicide (red). These individuals are usually at a very low frequency and are not noticed in a field situation. 





Population still appears sensitive - High level of control

Presenter
Presentation Notes
When the herbicide is sprayed all the sensitive weeds die but the resistant individual survives and sets seed. 

However control still is very high and there are no problems apparent yet.





Presenter
Presentation Notes
The survivor sets seed and a few more resistant plants appear in the population

These are then sprayed with the same herbicide as last year



Population still appears sensitive - High level of control

Presenter
Presentation Notes
Almost all weeds are controlled except the few resistant plants

The farmer may be unconcerned as these plants could be from a spray miss or a late germination and as control is still very high he takes no further action.



Presenter
Presentation Notes
The survivors again set seed and now some of the seed is spread around by the combine harvester or cultivations

This is sprayed with the same herbicide again (as it has worked well for many years and why should I change!)



Level of control declining - first suspicion of problems

Presenter
Presentation Notes
Now the control is clearly not as good as it has been in previous years and the farmer starts to get concerned

But he does not see the problem until the weeds have set seed (and stick out of the top of the crop) and does nothing to control the escapes



Majority of population resistant

Presenter
Presentation Notes
Now most of the population is resistant and other control measures are required to give weed control

These other measures usually are more expensive, may be less effective and are usually much less convenient!
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Weed characteristics that lead Weed characteristics that lead 
to herbicide resistance:to herbicide resistance:

Annual growth habitAnnual growth habit
High seed productionHigh seed production
Rapid turnover of seed bank (little Rapid turnover of seed bank (little 

dormancy)dormancy)
Several generations per seasonSeveral generations per season
Extreme susceptibility to a particular Extreme susceptibility to a particular 

herbicideherbicide
High frequency of resistant geneHigh frequency of resistant gene
DiTomaso 2000 UC Davis Weed Science School



Ryegrass??



A Inhibition of acetyl CoA carboxylase (ACCase)
B Inhibition of ALS (acetolactate synthase)

C1 Inhibition of photosynthesis at photosystem II (Triazines)
C2 Inhibition of photosynthesis at photosystem II (Ureas)
C3 Inhibition of photosynthesis at photosystem II (Nitriles)
D Photosystem-I-electron diversion
E Inhibition of (PPO) protoporphyrinogen oxidase
F1 Bleaching: Inhibition of carotenoid biosynthesis at the PDS
F2 Bleaching: Inhibition of 4-hydroxyphenyl-pyruvate-dioxygenase
F3 Bleaching: Inhibition of carotenoid biosynthesis (unknown target)

G Inhibition of EPSP synthase
H Inhibition of glutamine synthetase
I Inhibition of DHP (dihydropteroate) synthase

K1 Microtubule assembly inhibition
K2 Inhibition of mitosis
K3 Inhibition of cell division
L Inhibition of cell wall (cellulose) synthesis
M Uncoupling (Membrane disruption)
N Inhibition of lipid synthesis - not ACCase inhibition
O Synthetic auxins (action like indoleacetic acid)
P Inhibition of indoleacetic acid action
Z Unknown

Classification According to MOA Classification According to MOA 

From Herbicide Resistance Action Committee

Presenter
Presentation Notes
The herbicide resistance action committee has made a global classification of mode of action types.

These 22 groups are given a letter to indicate the different modes of action.

Some Modes of action are given the same letter but have a subscript number. This indicates similar symptoms but each group acts at a different enzyme (target site) and from a resistance point of view are considered completely different groups.



Herbicide resistant weeds in Herbicide resistant weeds in 
CaliforniaCalifornia

Group AGroup A
Late Late watergrasswatergrass 
BarnyardgrassBarnyardgrass 
Early Early wategrasswategrass 
Little seed canary  Little seed canary  

Group BGroup B
Perennial ryegrassPerennial ryegrass 
SmallflowerSmallflower umbrella sedge  umbrella sedge  
California arrowheadCalifornia arrowhead 
RedstemRedstem 
RicefieldRicefield bulrushbulrush 
LongLong--leaved loosestrifeleaved loosestrife 
Russian thistleRussian thistle

Group OGroup O
Smooth crabgrassSmooth crabgrass

Group NGroup N
Wild oatWild oat 
Late Late watergrasswatergrass 
BarnyardgrassBarnyardgrass 
Early Early wategrasswategrass

Group GGroup G
Rigid ryegrassRigid ryegrass 
HorseweedHorseweed 
Hairy fleabaneHairy fleabane 
JunglericeJunglerice



A Inhibition of acetyl CoA carboxylase (ACCase)
B Inhibition of ALS (acetolactate synthase)

C1 Inhibition of photosynthesis at photosystem II (Triazines)
C2 Inhibition of photosynthesis at photosystem II (Ureas)
C3 Inhibition of photosynthesis at photosystem II (Nitriles)
D Photosystem-I-electron diversion
E Inhibition of (PPO) protoporphyrinogen oxidase
F1 Bleaching: Inhibition of carotenoid biosynthesis at the PDS
F2 Bleaching: Inhibition of 4-hydroxyphenyl-pyruvate-dioxygenase
F3 Bleaching: Inhibition of carotenoid biosynthesis (unknown target)

G Inhibition of EPSP synthase
H Inhibition of glutamine synthetase
I Inhibition of DHP (dihydropteroate) synthase

K1 Microtubule assembly inhibition
K2 Inhibition of mitosis
K3 Inhibition of cell division
L Inhibition of cell wall (cellulose) synthesis
M Uncoupling (Membrane disruption)
N Inhibition of lipid synthesis - not ACCase inhibition
O Synthetic auxins (action like indoleacetic acid)
P Inhibition of indoleacetic acid action
Z Unknown

Classification According to MOA Classification According to MOA 

From Herbicide Resistance Action Committee

Presenter
Presentation Notes
The herbicide resistance action committee has made a global classification of mode of action types.

These 22 groups are given a letter to indicate the different modes of action.

Some Modes of action are given the same letter but have a subscript number. This indicates similar symptoms but each group acts at a different enzyme (target site) and from a resistance point of view are considered completely different groups.



GlyphosateGlyphosate resistant weeds in resistant weeds in 
CaliforniaCalifornia

Rigid RyegrassRigid Ryegrass ((LoliumLolium rigidumrigidum) ) 
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GlyphosateGlyphosate resistant weeds in resistant weeds in 
CaliforniaCalifornia

Rigid RyegrassRigid Ryegrass ((LoliumLolium rigidumrigidum) ) 
HorseweedHorseweed ((ConyzaConyza canadensiscanadensis))
Hairy FleabaneHairy Fleabane ((ConyzaConyza bonariensisbonariensis) ) 
JunglericeJunglerice ((EchinochloaEchinochloa colonacolona))



Glyphosate Resistant Ryegrass



Ryegrass ControlRyegrass Control 
http://http://wric.ucdavis.eduwric.ucdavis.edu//

HerbicideHerbicide Trade NameTrade Name Control LevelControl Level
ALACHLORALACHLOR LASSOLASSO CC
BROMACILBROMACIL HYVARHYVAR CC
CLETHODIMCLETHODIM PRISM, SELECTPRISM, SELECT CC
DIURONDIURON KARMEXKARMEX CC
FLUAZIFOPFLUAZIFOP FUSILADEFUSILADE CC
GLYPHOSATEGLYPHOSATE ROUNDUP, TOUCHDOWNROUNDUP, TOUCHDOWN CC
HEXAZINONEHEXAZINONE VELPAR, PRONONEVELPAR, PRONONE CC
IMAZAMOXIMAZAMOX RAPTORRAPTOR CC
IMAZAPYRIMAZAPYR ARSENAL,  STALKERARSENAL,  STALKER CC
METHAMMETHAM VAPAM, METAMVAPAM, METAM CC
METOLACHLORMETOLACHLOR DUAL MAGNUMDUAL MAGNUM C C 
NAPROPAMIDENAPROPAMIDE DEVRINOLDEVRINOL CC
NORFLURAZONNORFLURAZON SOLICAMSOLICAM CC
ORYZALINORYZALIN SURFLANSURFLAN CC
PENDIMETHALINPENDIMETHALIN PROWLPROWL CC
RIMSULFURONRIMSULFURON MATRIXMATRIX CC
SETHOXYDIMSETHOXYDIM POASTPOAST CC
TRIFLURALINTRIFLURALIN TREFLANTREFLAN CC



Ryegrass Control in WalnutsRyegrass Control in Walnuts
HerbicideHerbicide Trade NameTrade Name Control LevelControl Level

CLETHODIMCLETHODIM PRISM, SELECT   (NB)PRISM, SELECT   (NB) CC
DIURONDIURON KARMEXKARMEX CC

FLUAZIFOPFLUAZIFOP FUSILADEFUSILADE (NB)(NB) CC
GLYPHOSATEGLYPHOSATE ROUNDUP, TOUCHDOWNROUNDUP, TOUCHDOWN CC

NAPROPAMIDENAPROPAMIDE DEVRINOLDEVRINOL CC
NORFLURAZONNORFLURAZON SOLICAMSOLICAM CC
ORYZALINORYZALIN SURFLANSURFLAN CC
PENDIMETHALINPENDIMETHALIN PROWLPROWL CC
RIMSULFURONRIMSULFURON MATRIXMATRIX CC
SETHOXYDIMSETHOXYDIM POASTPOAST CC
TRIFLURALINTRIFLURALIN TREFLANTREFLAN CC



Control of Ryegrass in AlmondsControl of Ryegrass in Almonds 
1 month after treatment1 month after treatment
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100 Roundup 1.5 lb
Roundup + Poast .375 lb
Poast .375 lb
Roundup+Poast+Surflan 4 lb
Poast + Surflan
Roundup + Poast + Princep 2 lb
Poast + Princep
Roundup + Chateau 5oz
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Control of Ryegrass in AlmondsControl of Ryegrass in Almonds 
1 month after treatment1 month after treatment

0
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100 Roundup 1.5 lb

Roundup + Poast + Chateau

Gramoxone 1 lb

Gramoxone + Surflan

Gramoxone + Poast + Surflan

Gramoxone + Princep

Gramoxone + Poast + Princep

Untreated

LSD .05
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Glyphosate Resistant Ryegrass 41 days 
after treatment with Poast + Glyphosate



Untreated



Roundup 1.5 lbs



Roundup + Chateau



Poast



Gramoxone + Princep



Gramoxone + Poast + Surflan



Gramoxone + Poast + Princep



Horseweed







Horseweed ControlHorseweed Control 
http://http://wric.ucdavis.eduwric.ucdavis.edu//

HerbicideHerbicide Trade NameTrade Name Control LevelControl Level
2,42,4--DD 2,42,4--DD CC
BROMOXYNILBROMOXYNIL BUCTRILBUCTRIL CC
DICAMBADICAMBA BANVEL, VANQUISHBANVEL, VANQUISH CC
EPTCEPTC EPTAM, ERADICANEEPTAM, ERADICANE CC
FLUMIOXAZINFLUMIOXAZIN VALOR, CHATEAUVALOR, CHATEAU CC
GLUFOSINATEGLUFOSINATE FINALE, RELYFINALE, RELY CC
GLYPHOSATEGLYPHOSATE ROUNDUP, TOUCHDOWNROUNDUP, TOUCHDOWN CC
HEXAZINONEHEXAZINONE VELPAR, PRONONEVELPAR, PRONONE CC
IMAZAPYRIMAZAPYR ARSENAL,  STALKERARSENAL,  STALKER CC
ISOXABENISOXABEN GALLERYGALLERY CC
RIMSULFURONRIMSULFURON MATRIXMATRIX CC
SIMAZINESIMAZINE PRINCEPPRINCEP CC
THIAZOPYRTHIAZOPYR VISORVISOR CC
TRICLOPYRTRICLOPYR GARLON, REMEDY GARLON, REMEDY CC



Horseweed ControlHorseweed Control 
http://http://wric.ucdavis.eduwric.ucdavis.edu//

HerbicideHerbicide Trade NameTrade Name Control LevelControl Level
2,42,4--DD 2,42,4--DD CC

EPTCEPTC EPTAM,    EPTAM,    CC
FLUMIOXAZINFLUMIOXAZIN CHATEAUCHATEAU CC
GLUFOSINATEGLUFOSINATE FINALE, RELYFINALE, RELY CC
GLYPHOSATEGLYPHOSATE ROUNDUP, TOUCHDOWNROUNDUP, TOUCHDOWN CC

RIMSULFURONRIMSULFURON MATRIX                                    CMATRIX                                    C
SIMAZINESIMAZINE PRINCEPPRINCEP CC
THIAZOPYRTHIAZOPYR VISORVISOR CC



Horseweed ControlHorseweed Control
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Roundup 0.75 lb Roundup + Chateau 0.03 lb
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Horseweed ControlHorseweed Control
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Is there a possibility of resistant horseweed moving into farmland?

~ wind disseminated seed
~ these weeds like undisturbed areas
~ already occur in field margins and several orchards and vineyards





Case StudyCase Study--HorseweedHorseweed

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70 

5 to 8 leaves5 to 8 leaves 1 lb1 lb 2 lbs2 lbs 4 lbs4 lbs

SusceptibleSusceptible 100100 100100 100100

ResistantResistant 00 5050 100100

Glyphosate Rate (ai) Mortality (%)



Case StudyCase Study--HorseweedHorseweed

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70 

11 to 15 leaves11 to 15 leaves 1 lb1 lb 2 lbs2 lbs 4 lbs4 lbs

SusceptibleSusceptible 9090 100100 100100

ResistantResistant 00 2020 8080

Glyphosate Rate (ai) Mortality (%)



Case StudyCase Study--HorseweedHorseweed

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70 

Bolting to 6 inchesBolting to 6 inches 1 lb1 lb 2 lbs2 lbs 4 lbs4 lbs

SusceptibleSusceptible 7070 100100 100100

ResistantResistant 00 00 1010

Glyphosate Rate (ai) Mortality (%)



Case StudyCase Study--HorseweedHorseweed

From Shrestha, Hembree and Va, California Agriculture 61(2) 67-70 

6.1 to 12 inches6.1 to 12 inches 1 lb1 lb 2 lbs2 lbs 4 lbs4 lbs

SusceptibleSusceptible 3030 8080 100100

ResistantResistant 00 00 00

Glyphosate Rate (ai) Mortality (%)



The root cause of the problem?The root cause of the problem?



Case StudyCase Study--HorseweedHorseweed

The mode of resistance by horseweed to The mode of resistance by horseweed to 
glyphosateglyphosate appears to be through altered appears to be through altered 
cellular transport and reduced cellular transport and reduced 
translocation to the roots and other translocation to the roots and other 
growing points. The growing points. The glyphosateglyphosate is not is not 
deactivated, nor the enzymatic process deactivated, nor the enzymatic process 
changedchanged-- the the glyphosateglyphosate stays where it is stays where it is 
sprayed! sprayed! 

From Feng, etal.,  Weed Science 52:498-505,2004



How to prevent herbicide resistanceHow to prevent herbicide resistance

• Early detection
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How to prevent herbicide resistanceHow to prevent herbicide resistance

• Early detection

• Rotate herbicide 

• Rotate Crops

• Use Residual herbicides

• Non-chemical control techniques

• Clean equipment



Thank youThank you

Any Questions?Any Questions?



KlonskyKlonsky Walnuts small Walnuts small acreage.pptacreage.ppt
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