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¢ƻŘŀȅΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴ

ÅWhy weeds are problematic

ÅHerbicides and herbicide resistance

ÅOther causes of herbicide failure

ÅNon-chemical selective pressures

ÅBest Management practices for weed control
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¢ƘŜ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǿŜŜŘǎΧ
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Weeds are problems 
in more than just ag 
and hortǎȅǎǘŜƳǎΧ

ÅBeyond competition for 
ǿŀǘŜǊ ŀƴŘ ƴǳǘǊƛŜƴǘǎΧ

ÅReduced biodiversity

ÅAdverse effects on 
ecosystem functions

ÅHazards to human and 
animal health

ÅReduced safety through 
obstructions

ÅLoss of aesthetic value
Puncturevine seed head 4



An example of effects on ecosystem functions

Non-native species can impact fire cycles
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Medusahead
From: Medusahead
Management Guide for the 
Western US

ÅWinter annual grass

ÅNative to Mediterranean 

ÅFirst reported in OR in 1887

ÅMainly infests rangelands

ÅDisplaces native species

ÅDisrupts wildlife habitat

ÅPoor forage

ÅSilica accumulator

ÅBarbed seeds

ÅAlters fire regimes

Map from CalFlora
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Medusahead
From: MedusaheadManagement Guide for the Western US

ÅActs as a fire promoter in 
the big sagebrush 
(Artemesiatridentata) 
steppe

ÅFills in between sagebrush 
to create a continuous fuel 
corridor

ÅMany species of sagebrush 
are unable to regenerate 
from frequent fires
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Herbicides for weed control
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Photo from: A.S. Culpepper

Herbicides are, for many, a critical component of 
weed control programs
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IŜǊōƛŎƛŘŜǎ ŀǊŜ ƴƻǘ ŀƭǿŀȅǎ млл҈ ŜŦŦŜŎǘƛǾŜΧ
ΧŀƴŘ ǘƘŀǘ ƛǎ ǎƻƳŜǘƛƳŜǎ ŘǳŜ ǘƻ ƘŜǊōƛŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ

Photo from: A.S. Culpepper
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There are currently 495 unique cases 
(species x site of action) of herbicide 
resistant weeds globally, with 255 species 
(148 dicots and 107 monocots). 

Weeds have evolved resistance to 23 of 
the 26 known herbicide sites of action 
and to 163 different herbicides. 
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Herbicide resistant weeds in CA

Å30 species by site of action combinations, dominated by two patterns of 

resistance.

ÅThe first major category is multiple-resistance in a number of sedge and grass 

weeds of the rice production region of the Sacramento Valley. 

ÅALS inhibiors

ÅACCaseinhibitors

ÅThe second broad category is glyphosate-resistant weeds in orchards, vineyards, 

and associated non-crop areas such as roadsides, canal banks, and field 

margins and roundup-ready crops. 

ÅGlyphosate
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Species in CA with suspected 
glyphosate resistant populations

Threespikegoosegrass(spring emerging) 

Feather fingergrass(summer emerging)

Windmillgrass(summer emerging)

Sprangletop(summer emerging)

Witchgrass(summer emerging)
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Multiple HR weeds in CA

Year Species Herbicides Systems

2000 Barnyardgrass
ACCaseand lipid 

bionsynthesisinhibitors
Rice

2000 Late watergrass
ACCaseand lipid 

bionsynthesisinhibitors
Rice

2009 Hairy fleabane Glyphosate, paraquat Orchards

2014 Horseweed Glyphosate, paraquat Orchards

2015 Italian ryegrass
ACCaseinhibitors, 

glyphosate, paraquat
Orchards, alfalfa

2016 Italian ryegrass
ACCaseand ALS inhibitors, 

glyphosate, paraquat
Orchards, alfalfa
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Herbicide resistance is the result of evolution of 
weed populations in response to the selection 

pressure exerted by herbicides

A A AB B

Time 

A A
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Resistance before herbicides

734 dried plant specimens

Collected between 1788 ς1975

1 from 1888 with a mutation that can confer resistance to 
ACC-ase(WSSA 1) herbicides
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Not every instance of weed control failure 
is due to herbicide resistance
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Herbicides

Carrier Quality
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Spray Solutions

ÅWater quality (spray solutions are >95% water)

ÅWhat goes in can affect what comes out

ÅGlyphosate is one of the best examples

ÅpH ςhigh pH causes glyphosate to dissociate

ÅCations ςMg, Ca, Na can bind to glyphosate

ÅTurbidity ςglyphosate tightly bound to soil and OM
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Ammonium sulfate and glyphosate

ÅGlyphosate is antagonized by salts in hard water such as calcium, sodium, 
magnesium, and iron

ÅThese salts will preferentially bind to glyphosate 

ÅBoth ammonium(NH3
1+) and sulfate(SO4

2-) active

ÅFree sulfatebinds with Ca2+, Na1+, Mg2+, or Fe2+ ions in the spray water

ÅGlyphosate binds to the ammonium

ÅGlyphosate is more readily absorbed into foliage when combined with 
ammoniumthan when combined with Ca2+, Na1+, Mg2+, or Fe2+ ions
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.Ŝǎǘ ΨǇƭŀƛƴ ƭŀƴƎǳŀƎŜΩ ŜȄǇƭŀƴŀǘƛƻƴ ƻŦ ǎǇǊŀȅ 
water effects on glyphosate efficacy

Google: glyphosate spray water quality Purdue

https://ag.purdue.edu/btny/weedscience/documents/water_quality.pdf
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Environmental 
factors

Dust 
Temperature
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Dust that accumulates on leaves can bind to 
glyphosate and prevent uptake

Photo by Andrew KnissPhD 27



Zhou et al. (2006) Weed Science 54:1132-1136
Soil dust reduces glyphosate efficacy
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Y-axis represents REDUCTIONS in 
herbicide efficacy

Taller bars mean less weed 
control with increased dust 
deposits
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Temperature effects on 
herbicide performance

ÅHerbicide efficacy can be adversely 
affected by very low and very high 
temperatures

ÅAt temperature extremes, translocation 
and physiological activities may be 
reduced (which can primarily affect the 
efficacy of systemic herbicides)

ÅPlant growth, leaf area, leaf shape, and 
cuticle development can be impacted

ÅHigh temperatures can affect the 
deposition, volatility and breakdown of 
many products
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