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 The mode of action of an herbicide includes all aspects related to its uptake, 
movement, metabolism, and activity at the specific target site. Herbicides that reach their 
site of action can affect several biochemical responses.  While most herbicides initially 
interfere with a single biochemical reaction, some may be relatively non-specific and 
interfere with several reactions simultaneously.  Of the herbicides used in wildlands, the 
most common targeted biochemical reactions involve nucleic acid or amino acid 
metabolism. Most of these compounds fall into the category known as growth regulators, 
including 2,4-D, 2,4-DP, aminopyralid, dicamba, triclopyr, clopyralid, and picloram. 
These compounds mimic the naturally occurring auxins found in plants. A second 
common group of herbicides used in wildlands are the amino acid inhibitors which can 
either block the activity of the enzyme acetolactate synthase (ALS) or 5-
enolpyruvylshikimate-3-phosphate synthase (EPSP synthase). The ALS inhibitors 
prevent the synthesis of branched chain amino acids and include chlorsulfuron, 
sulfometuron, metsulfuron, imazapyr, and imazapic, whereas glyphosate is the only EPSP 
synthase inhibitor and prevents the synthesis of aromatic amino acids. By disrupting any 
of these biochemical reactions, herbicides may injure or kill the plant.   
  
Growth Regulators 

Growth regulator herbicides are compounds which mimic naturally occurring 
auxins. These can be divided into several groups; indole acids, phenoxy carboxylic acids, 
benzoic acids, and picolinic acid (also known as pyradines) derivatives.  The indole acids 
include the naturally occurring growth regulator indole acetic acid (IAA).  No 
compounds within this group are commercially available as herbicides.  The latter three 
groups contain many herbicides registered for use in wildlands, including the phenoxy 
carboxylic acid 2,4-D, the benzoic acid dicamba, and the picolinic acids aminopyralid, 
triclopyr, clopyralid and picloram (not registered in California).  These compounds are 
often called auxinic herbicides.  All of these compounds are active as foliar applied 
herbicides, and some have excellent preemergence activity, particularly aminopyralid, 
clopyralid and picloram. They generally translocate through the phloem of the living 
plant and accumulate at the growing points or other carbohydrate sinks, such as roots and 
underground reproductive structures (Vencill 2002).  
 One of the difficulties in studying the mechanism of auxin action is the multitude of 
different kinds of physiological processes that they appear to control.  It has been suggested 
that there may be many target sites of IAA action or a single target site which unleashes a 
cascade of events.  Auxins seem to be involved in a number of developmental functions, 
including phototropism, apical dominance, senescence, cell growth and differentiation, and 
root formation.  Although they have been studied for a few decades, their specific 
mechanism of action is still not well understood.  In general, however, the initial response 
of plants to auxin treatment can be categorized into two phases (DiTomaso 2002). 
Initially there is a fast response that occurs within minutes of exposure. This is 
characterized by rapid acidification and loosening of the cell wall.  This is due to a 
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weakening of the hydrogen bonds.  The loosening of the bonds decreases the resistance of 
the wall to turgor pressure. More water would move into the cell causing an increase in cell 
volume and irreversibly stretching the cell wall. As a result, the petiole and stem 
internodes of treated plants often elongate within hours of treatment. The second phase of 
the response occurs 30-45 min after treatment, and involves the synthesis of nucleic 
acids.  

Under natural growing conditions, plant tissues respond to auxin treatment by 
dramatically increasing nucleic acid and protein synthesis, and this effect is closely 
correlated to cell division and growth.  The action of auxin appears to involve specific gene 
activation at the transcriptional level.  Auxin may interact with a binding protein and the 
auxin-protein complex then interacts with chromatin (filamentous complex of DNA, 
histones and other proteins constituting chromosomes) to cause an increase in DNA 
template available for transcription.  The result of this action could be altered DNA 
transcription and quantitative and qualitative changes in RNA synthesis.  These RNAs 
would then serve as templates for the synthesis of the proteins required for the observed 
physiological responses.   
 Auxinic herbicides, however, are applied at rates considerably higher than the 
concentration of IAA in plants. In meristematic tissues, high levels of auxins inhibit RNA 
synthesis and growth.  In contrast, high auxin levels stimulate RNA and protein synthesis 
is mature tissues causing cells to divide. The abnormal stimulation of cell division by 
synthetic auxin treatment, in conjunction with the rapid cell wall loosening response, 
leads to uncontrolled growth and the production of callus tissue. Volume expansion of 
mature tissues is somewhat restricted by the presence of secondary cell walls and thickened 
cells, such as collenchyma and fibers.  Consequently, excessive cell division in these 
tissues can cause stem swelling and eventually cellular collapse, particularly in the phloem 
tissues (DiTomaso 2002).  
 The phytotoxic concentrations of growth regulator herbicides elicit a variety of 
symptoms in plants.  Among these include leaf chlorosis (yellowing), stem tissue 
proliferation, root initiation in stem tissue, disintegration of root tissues, and abnormal 
apical growth. Many of these are secondary effects.  The inhibition in cell division in 
meristematic regions, in conjunction with abnormal stimulation of cell division in mature 
tissues is the likely causes of plant death (Vencill 2002).   
 Another characteristic symptom of growth regulator treated plants is a twisting 
response, known as epinasty. This response is the result of an auxin-induced stimulation 
in ethylene production. This symptom, in itself, is probably not responsible for the 
phytotoxic activity of these herbicides. 
 
Amino Acid Inhibitors 
 Acetolactate Synthase (ALS) Inhibitors  
 Although the sulfonylurea (chlorsulfuron, sulfometuron and metsulfuron) and 
imidazolinones (imazapyr and imazapic) herbicides are structurally quite different, they are 
highly active compounds that inhibit the activity of the same enzyme, acetolactate synthase 
(ALS), also called acetohydroxyacid synthase (AHAS).  ALS catalyzes the first step in the 
synthesis of the branched-chain amino acids valine, leucine and isoleucine. ALS-inhibiting 
herbicides block the synthesis of branched-chain amino acids (DiTomaso 2002). The exact 
mechanism of plant death is unknown, and has been suggested to be either due to the 
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buildup of a substrate of ALS, called α-ketobutarate (LaRossa and Van Dyk 1987), or to a 
depletion of the pool size of the essential amino acids. Although cell division and plant 
growth can he inhibited very soon after exposure to these herbicides, death occurs slowly.  
The rate of death is probably linked to the total pool size of the branched-chain amino acids 
available to the plant tissues.  Thus, older plants and particularly woody species with large 
amino acid reserves will survive longer than younger plants.   
 ALS inhibitors are typically applied preemergence, but can have excellent 
postemergence activity in some plants. Their symptomology includes the rapid inhibition 
of root and shoot growth, vein reddening, chlorosis, and meristematic necrosis (Vencill 
2002). Young developing tissues can often appear disfigured. 
 More weed species have developed resistance to the ALS inhibitors than to any 
other herbicide group.   In most cases, this is due to selection of an altered ALS that is 
insensitive to these herbicides. In some cases, however, resistance in plants is due to an 
enhanced ability to metabolize or degrade the herbicide to non-phytotoxic components. 
 

EPSP Synthase Inhibitor 
 Glyphosate was identified in the late 1960’s in a Monsanto discovery program 
that initially produced the sugar cane ripener glyphosine.  Glyphosate inhibits the activity 
of the enzyme 3-phospho-5-enoylpyruvateshikimate (EPSP) synthase in the shikimic acid 
pathway. This enzyme is essential to the synthesis of the aromatic amino acids 
phenylalanine, tyrosine, and tryptophan (Gresshoff 1979).  These essential amino acids 
are important for protein synthesis and other biosynthetic pathways critical to growth. 
Inhibition of this biosynthetic pathway results in an unregulated accumulation of 
shikimate to very high levels in the plant.  In fact, following glyphosate treatment, as 
much as 10 to 20% of the plant’s total soluble carbon can be found to accumulate in 
shikimate.  Although not completely known, the apparent death of treated plants is the 
result of the unregulated accumulation of carbon in that intermediate. 
 Like the ALS inhibitors, the rate of plant death depends on the amount of stored 
amino acids in the plant tissues. Thus, small plants may die within a week to a month, 
whereas larger plants, such as shrubs or trees, may require a year or more to be fully 
controlled. 
  Glyphosate is a foliar applied herbicide that translocates in the living phloem of 
treated plants. Although it does not inhibit chlorophyll synthesis, symptoms can include 
interveinal chlorosis (Vencill 2002). This may be due to the high buildup of shikimate in 
the chloroplast. Accumulation of this organic acid can alter the pH balance of the 
chloroplast and cause loss of membrane integrity and chlorosis. 

Glyphosate also interferes with normal carbohydrate translocation in plants.  It has 
been shown to inhibit the import of sucrose to sink leaves, the export of sucrose from 
source leaves, and the net starch accumulation in source leaves.  This disruption in carbon 
metabolism would eventually starve the plant of compounds required for growth. The 
appearance of a red coloration on leaves and stem of treated plants is due to the 
accumulation of the pigment anthocyanin.  Anthocyanin accumulation is a typically 
symptom of an interference in carbon metabolism. Interestingly, anecdotal reports indicate 
that wildlife prefer to forage on glyphosate treated plants. This may be due to the increased 
levels of carbohydrates in the foliage.  
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