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IMAZAPYR 

 

Synopsis 

Imazapyr is a non-selective herbicide used for the control of a 
broad range of weeds including terrestrial annual and perennial 
grasses and broadleaved herbs, woody species, and riparian and 
emergent aquatic species. It controls plant growth by preventing 
the synthesis of branched-chain amino acids.  Because imazapyr is 
a weak acid herbicide, environmental pH will determine its 
chemical structure, which in turn determines its environmental 
persistence and mobility. Below pH 5 the adsorption capacity of 
imazapyr increases and limits its movement in soil. Above pH 5, 
greater concentrations of imazapyr become negatively charged, 
fail to bind tightly with soils, and remain available (for plant 
uptake and/or microbial breakdown). In soils imazapyr is 
degraded primarily by microbial metabolism. It is not, however, 
degraded significantly by photolysis or other chemical reactions. 
The half-life of imazapyr in soil ranges from one to five months. 
In aqueous solutions, imazapyr may undergo photodegradation 
with a half-life of two days. Imazapyr is not highly toxic to birds 
and mammals, but some formulations (for instance, the inert 
ingredients in Chopper® and Stalker®) can cause severe, 
irreversible eye damage. Studies indicate imazapyr is excreted by 
mammalian systems rapidly with no bioaccumulation. It has a low 
toxicity to fish, and algae and submersed vegetation are not 
affected.  Because imazapyr can affect a wide range of plants and 
can remain available, care must be taken during application to 
prevent accidental contact with non-target species.  Further, a few 
studies have reported that imazapyr may be actively exuded from 
the roots of legumes (such as mesquite), likely as a defense 
mechanism by those plants.  This exudate and the ability of 
imazapyr to move via intertwined root grafts may therefore 
adversely affect the surrounding desirable vegetation with little to 
no control of the target species. 

Herbicide Basics 
 
Chemical formula: (+)-2-[4,5-
dihydro-4-methyl-4-(1-
methylethyl)-5-oxo-1H-imidazol-
2-yl]-3-pyridinecarboxylic acid 
 
Herbicide Family: 
      Imidazolinone 

Target Species: grasses, 
broadleaves, vines, brambles, 
shrubs and trees, riparian and 
emerged aquatics 

Forms: acid & salt 

Formulations: SL, GR 

Mode of Action: Amino acid 
synthesis inhibitor 

Water Solubility: 11,272 ppm 

Sorption potential: low 

Primary degradation mech: 
Slow microbial metabolism and 
photolysis 

Average Soil Half-life:  
   25-141 days 

Mobility Potential: high 

Dermal LD50 for rabbits:  
    >2,000 mg/kg 

Oral LD50 for rats:   
    >5,000 mg/kg 

LC50 for bluegill sunfish: 
      >100 mg/L 

Trade Names: Arsenal®, 
Habitat®, Chopper®, and Stalker® 

Manufacturer: BASF (previously 
American Cyanamid Company) 
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Herbicide Details 
 
Chemical Formula: (+)-2-[4,5-dihdro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-3-
pyridinecarboxylic acid 
 
Trade Names: Arsenal®, Chopper®, and Stalker®.  As of September 2003, imazapyr has received 
an EPA aquatic registration for Habitat®.  
 
Manufacturer: BASF (previously by American Cyanamid Company, which was purchased by 
BASF in 2000)  
 
Use Against Natural Area Weeds: Imazapyr is a broad-spectrum herbicide that controls 
terrestrial annual and perennial grasses and broadleaved herbs, woody species, and riparian and 
emergent aquatic species.  It can be used where total vegetation control is desired or in spot 
applications.  Imazapyr is relatively slow acting, does not readily break down in the plant, and is 
therefore particularly good at killing large woody species.  Imazapyr can control saltcedar 
(Tamarix ramossissima), privet (Ligustrum vulgare), blackberries (Rubus spp.), field bindweed 
(Convolvulus arvensis), bahiagrass (Paspalum notatum), and downy brome (Bromus tectorum) 
(American Cyanamid 1986).  Caution should be used when applying imazapyr, as a few reports to 
TNC from the field indicate that imazapyr might be exuded from the roots of target species.  
Some legume species, such as mesquite, may actively exude imazapyr (J. Vollmer pers. comm.).  
Imazapyr herbicide can be mobile within roots and transferred between intertwined root systems 
(root grafts) of many different plants and/or to several species.  Movement of imazapyr via root 
grafts or by exudates (which is a defense mechanism of those plants) may therefore adversely 
affect the surrounding vegetation.  This movement of herbicide may also be compounded when 
imazapyr is incorrectly overapplied.  Movement of soil particles that contains imazapyr can also 
potentially cause unintended damage to desirable species.   
 
Imazapyr is effective for creating openings for wildlife use.  It can be applied pre-emergent, but is 
most effective when applied as a post-emergent herbicide. Care should be taken in applying it 
around non-target species, as it is readily adsorbed through foliage and roots, and therefore, could 
be injurious by drift, runoff, or leaching from the roots of treated plants.  To avoid injury to 
desirable trees, do not apply imazapyr within twice the drip line (tree canopy). 
 
On TNC preserves in Texas, imazapyr provided good control of saltcedar (Tamarix spp.) and 
Chinese tallow tree (Sapium sebiferum).  In North Carolina preserves, it was effective against 
oriental bittersweet (Celastrus orbiculata), cut-stumps of Chinese privet (Ligustrum sinese), and 
tree-of-heaven (Ailanthus altissima).  Recent work in California demonstrated that foliar 
applications of imazapyr effectively controlled jubatagrass and pampasgrass (Cortaderia jubata 
and C. selloana) (DiTomaso et al. 1999; Drewitz 2000), and experimental studies in Washington 
showed that imazapyr provided excellent control of smooth cordgrass (Spartina alterniflora) in 
tidal estuarine habitats (Patten 2002). 
 
Mode of Action: Imazapyr is absorbed quickly through plant tissue and can be taken up by roots.  
It is translocated in the xylem and phloem to the meristematic tissues, where it inhibits the enzyme 
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acetohydroxy acid synthase (AHAS), also known as acetolactate synthase (ALS).  ALS catalyzes 
the production of three branched-chain aliphatic amino acids, valine, leucine, and isoleucine, 
required for protein synthesis and cell growth.  The rate of plant death usually is slow (several 
weeks) and is likely related to the amount of stored amino acids available to the plant.  Only 
plants have ALS and produce these three amino acids, and therefore, imazapyr is of low toxicity 
to animals (including fish and insects).  Animals need these three branched chain aliphatic amino 
acids, but obtain them by eating plants or other animals. 
 
Dissipation Mechanisms: 
Summary: Imazapyr is degraded in soils primarily by microbial metabolism.  It will quickly 
undergo photodegradation in aqueous solutions (photohydrolysis), but there is little to no 
photodegradation of imazapyr in soil, and it is not readily degraded by other chemical processes.  
Imazapyr does not bind strongly with soil particles, and depending on soil pH, can be neutral or 
negatively charged.  When negatively charged, imazapyr remains available in the environment. 
 
Volatilization 
Imazapyr does not volatilize readily when applied in the field (T. Lanini, pers. obs.).  The potential 
to volatilize, however, increases with increasing temperature, increasing soil moisture, and 
decreasing clay and organic matter content (Helling et al. 1971).  
 
Photodegradation 
Imazapyr is rapidly degraded by sunlight in aquatic solutions.  In soils, however, there is little or 
no photodegradation of imazapyr (WSSA 1994).  The half-life of imazapyr due to 
photodegradation in aqueous solution is approximately two days, and decreases with increasing 
pH (Mallipudi et al. 1991, Mangels 1991a).   
 
Microbial Degradation 
Microbial degradation is the primary mechanism of imazapyr degradation in soils (WSSA 1994).  
American Cyanamid (1986) reported that the half-life of imazapyr in soils typically ranged from 
one to seven months, depending on soil type, temperature, and soil moisture (Mangels 1991b).  
The half-life of imazapyr is shorter at cooler soil temperatures (25° C versus 35° C) and in sandier 
soils (sandy loam versus clay loam) (American Cyanamid 1986).  Degradation rates are decreased 
in anaerobic soil conditions (WSSA 1994). 
 
In studies of the related compound imazaquin, microbial degradation rates increased with 
increasing soil moisture content (between 5-75% of field capacity) and increasing soil 
temperatures (from 15° C to 30° C) (Mangels 1991b).  Microbial degradation additionally, was 
more rapid in soils that did not bind the herbicide strongly.  Imazapyr that is bound strongly to 
soil particles may be unavailable for microbial degradation.  
 
Adsorption 
The adsorption of imazapyr to soil particles is generally weak, but can vary depending on soil 
properties (Mangels 1991b).  Adsorption is reversible, and desorption occurs readily (WSSA 
1994).  Because the exact chemical form of the herbicide is determined by environmental pH, the 
adsorption capacity of imazapyr changes with soil pH.  A decline in pH below 5 increases 
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adsorption of imazapyr to soil particles.  Above pH 5, imazapyr becomes ionized, increasing its 
negative charge, and limiting its ability to bind with soils (Mangels 1991b).  Vizantinopoulos and 
Lolos (1994) found that adsorption decreased with increasing soil temperature, and Dickens and 
Wehtje (1986) found that adsorption increased with time and decreased soil moisture.  In general, 
imidazolinone herbicides show an increase in soil adsorption capacity with an increase in soil clay 
content and organic matter, but studies of imazapyr have been conflicting (Dickens and Wehtje 
1986, Wehtje et al. 1987, Mangels 1991b, McDowell et al. 1997, Pusino et al. 1997, El Azzouzi 
et al. 1998).  
 
Chemical Decomposition 
Imazapyr changes form readily with changes in pH, but is not necessarily degraded in this process.  
It does not readily undergo hydrolysis (Mangels 1991a), and no other chemical degradation 
mechanisms have been reported. 
 
Behavior in the Environment 
Summary: Imazapyr is slowly degraded by microbial metabolism and can be relatively persistent in 
soils.  It has an average half-life in soils that range from one to five months.  At pH above 5, it 
does not bind strongly with soil particles and can remain available (for plant uptake) in the 
environment.  In water, imazapyr can be rapidly degraded by photolysis with a half-life averaging 
two days.  There have been a few reports from the field of unintended damage to desirable, native 
plants when imazapyr has either exuded out of the roots of treated plants into the surrounding 
soil, or when intertwined roots transfer the herbicide to non-target plants.  Make sure to not 
overapply imazapyr, and also confirm that soil particles with imazapyr are not moved in-contact 
with desirable species. 
 
Soils 
Depending on environmental conditions, imazapyr has an average half-life in soils of several 
months (Vizantinopoulos and Lolos 1994, El Azzouzi et al. 1998). El Azzouzi et al. (1998) 
reported half-lives between > 58 to 25 days in two Moroccan soils.  In a laboratory study, the 
half-life of imazapyr ranged from 69-155 days, but factors affecting degradation rates were 
difficult to identify because the pH varied with temperature and organic content (McDowell et al. 
1997).  In a more extreme example, Vizantinopoulos and Lolos (1994) found that in loam and 
clay loam soils with pH 7-8, half-lives ranged up to 50 months.  The manufacturer reports that 
persistence in soils is influenced by soil moisture, and that in drought conditions, imazapyr could 
persist for more than one year (Peoples 1984). 
 
Lee et al. (1991) reported that imazapyr residues in soil following postemergent application 
increased eight days after initial application and continued to increase until a peak of 0.23 ppm at 
day 231 post-treatment.  The authors attributed these increases to runoff of residues from plant 
surfaces following rainfall and to the release of residues from decaying plant matter. 
 
Under most field conditions imazapyr does not bind strongly to soils and can be highly available in 
the environment.  Above pH 5, the herbicide will take on an ionized form, increasing the risk of 
herbicide runoff.  McDowell et al. (1997) found that heavy rainfall caused significant movement 
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of the herbicide (or more likely, moved the soil particles that the imazapyr was adsorbed to), and 
leaching up to 50 cm deep in soils have been reported (WSSA 1994).   
 
Water 
Despite its potential mobility, imazapyr has not been reported in water runoff, and we found no 
reports of imazapyr contamination in water.  If it enters the water column, imazapyr can be 
photodegraded by sunlight with an average half-life of two days (Mallipudi et al. 1991). 
 
Vegetation 
Because imazapyr kills a wide variety of plants and can be relatively persistent and remain 
available in soils, damage to desirable non-target plants is possible.  When imazapyr is applied in 
high rates, directly to soil, it can result in season-long soil activity.  Plant species that are resistant 
to imazapyr apparently metabolize it to an immobile form that cannot be translocated to the 
meristematic tissues (Shaner & Mallipudi 1991).   
 
Environmental Toxicity 
Birds and Mammals 
Imazapyr is of relatively low toxicity to birds and mammals.  The LD50 for rats is > 5,000 mg/kg, 
and for bobwhite quail and mallard ducks is >2,150 mg/kg (WSSA 1994).  American Cyanamid 
reports that studies with rats indicate that imazapyr was excreted rapidly in the urine and feces 
with no residues accumulating in the liver, kidney, muscle, fat, or blood (Miller et al. 1991).  
Imazapyr has not been found to cause mutations or birth defects in animals, and is classified by 
the U.S. EPA as a Group E compound, indicating that imazapyr shows no evidence of 
carcinogenicity.   
 
Aquatic Species 
Imazapyr is of low toxicity to fish and invertebrates.  The LC50s for rainbow trout, bluegill 
sunfish, channel catfish, and the water flea (Daphnia magna) are all >100 mg/L (WSSA 1994).  
As of September 2003, imazapyr (tradename Habitat®) is registered for use in aquatic areas, 
including brackish and coastal waters, to control emerged, floating, and riparian/wetland species.   
A recent study from a tidal estuary in Washington showed that imazapyr, even when supplied at 
concentrations up to 1600 mg/L, did not affect the osmoregulatory capacity of Chinook salmon 
smolts (Patten 2003).  Similarly, the Washington State Department of Agriculture reported that 
the 96-hour LC50 for rainbow trout fry to be 77,716 mg/L (ppm) -22,305 ppm of the active 
ingredient- which represents a greater concentration of imazapyr than found in commercially-sold 
containers (J. Vollmer, pers. comm.). 
 
Other Non-Target Organisms 
Limited information was found on the effects of imazapyr on other non-target organisms such as 
soil bacteria and fungi.  The manufacturers report that Arsenal® is non-mutagenic to bacteria 
(Peoples 1984). 
 
Application Considerations: 
Imazapyr is a slow acting herbicide that is not readily metabolized in plants.  It can be very 
effective against woody species.  Due to its persistence in the environment, it may be preferable to 
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apply imazapyr directly to vegetation (using a low-volume backpack, cut-stump, or basal bark 
application) instead of using a broadcast spray method.  When using a cut-stump application, be 
careful to avoid overapplication of imazapyr on the stump, as this may lead to excess imazapyr to 
be transferred between root grafts or movement by soil particles.  When completing a cut-stump 
treatment, apply imazapyr only to the outer cambium layer of the stump (versus applying 
herbicide to the entire cut-stump), and this should sufficiently kill the tree (J. Vollmer, pers. 
comm.). 
 
A study of wipe-on applications to the reed Phragmites australis, however, found that this 
method provided some suppression of reeds in the short-term, but failed to control them in the 
long term (Kay 1995).  Malefyt and Quakenbush (1991) reported better results when imazapyr 
was applied at 21° C rather than 32° C.  Rainfall is considered important for good activity 
following soil application (Malefyt and Quakenbush 1991) but can increase movement of 
imazapyr in the soil column.  A non-ionic surfactant can improve the efficacy of imazapyr.   
 
Safety Measures: 
Some formulations of imazapyr can cause severe irreversible eye damage.  Care should be taken 
to prevent accidental splashing or other exposure of eyes to the herbicide. 
 
Human Toxicology 
Imazapyr is of relatively low toxicity to mammals, and shows no mutagenic or teratogenic 
potential.  It can be an eye and skin irritant, but is not a dermal sensitizer (American Cyanamid 
1986; Cyanamid Ltd. 1997). 
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