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Herbicides

Herbicide Mode of Action
Herbicides arc chemicals that inhibit or interrupt normal

plant growth and development. They are widely used in
agriculture, industry, and urban areas to control weeds.
Herbicides can provide cost-effective weed control with a
minimum of labor. Improper herbicide use can injure crops,
damage the environment, and pose a threat to the applicator
and others exposed to the chemical. The best way to avoid
herbicide-related problems is to understand how a herbicide
works, the herbicide mode of action. Understanding how
herbicides work provides insight into how to use the chemi-
cals and helps in diagnosing performance problems and
related injury symptoms.

The best source of information for herbicide use is the
herbicide label. Herbicides should be applied according to
label directions. Publications such as the KSU Report of
Progress, “Chemical Weed Control for Field Crops, Pastures,
Rangeland, and Noncropland,” also provide information on
available herbicide options and application guidelines. The
herbicide label, however, is the legal document, and an
applicator is responsible for applying the herbicide according
to label directions.

Herbicides kill plants in different ways. A herbicide must
meet several requirements in order to be effective. It must
1) contact the target weed, 2) be absorbed by the weed,
3) move to the site of action in the weed, and 4) accumulate
sufficient levels at the site of action to kill the plant. Weed
control is unsatisfactory unless these requirements are met.

All the interactions of a herbicide with a plant, from
application to final effect, are considered the mode of action.
The herbicide mode of action involves absorption into the
plant, translocation movement in the plant, metabolism or
biochemical reactions, and mechanism of action. Mechanism
of action and mode of action often are used interchangeably.
However, the mechanism of action more properly refers to
the specific plant process with which the herbicide interferes
to control the weed. On the other hand, the mode of action
is a more general term referring to all the plant-herbicide
interactions.

Herbicides may be classified according to selectivity
(nonselective, grass control, broadleaf control, etc.), time of
application (preplant incorporated, preemergence, or post-
emergence), translocation in the plant (contact or systemic),
and mechanism of action.

Herbicide Selectivity
The ability of a herbicide to kill certain plants without

injuring others is called selectivity. Herbicides that kill or
suppress the growth of most plant species are called nonselec-
tive. Nonselective herbicide use is limited to situations where
control of all plant species is desired, or by directing the
herbicide on the target weed and away from desirable plants.
Roundup and paraquat are relatively nonselective herbicides.

Most herbicides used in crop production are selective.
Herbicide selectivity is relative and depends on several
factors, including environment, herbicide application rate,
application timing, and application technique. Even the most
tolerant plant species are susceptible to a herbicide if the rate
applied is high enough. Herbicide selectivity may be based on
herbicide placement, or differential spray retention, absorp-
tion, translocation, metabolism, or site exclusion of the
herbicide in the plants.

Grass plants tend to be more difficult to wet than
broadleaf plants because grasses often have narrow, waxy
leaves with upright orientation. The grass leaf presents a
small target and there is a good chance the spray droplet will
roll off the leaf upon contact. Many broadleaf plants are easy
to wet because they present a large target with some pubes-
cence and horizontal orientation (Figure 2).

Growth Habit

Greater spray retention by a plant is likely to result in
more herbicide absorption. Spray retention depends on the
properties of the spray solution and the target plant. Leaf
waxiness, pubescence (hairiness), and orientation are impor-
tant characteristics that affect spray retention. Waxy leaf
surfaces repel water-based spray solutions, allowing spray
droplets to run off more easily than on less waxy leaves.
Sparse leaf pubescence or hairs help retain spray droplets, but
dense pubescence can hold spray droplets above the leaf
surface and prevent good leaf-spray contact (Figure 1).

Spray Retention

Figure 1. Spray droplet spread on a leaf surface as influ-
enced by leaf pubescence and waxiness.
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Figure 2. Spray droplet retention on grass and broadleaf
leaves due to leaf orientation.

*T = tolerant, S = susceptible, HS = highly susceptible.

Site Exclusion
Site exclusion can result in dramatic tolerance or resis-

tance to a herbicide. Site exclusion occurs when a structural
or conformational difference at the site of action prevents a
herbicide from binding. Site exclusion can best be visualized
using the lock-and-key concept illustrated in Figure 4. Site
exclusion has been the basis for development of herbicide-
resistant weed populations. Kochia resistance to Glean and
atrazine is an example. A small percentage of native plants
are genetically different and contain the resistant trait.
Repeated use of the herbicide results in removal of susceptible
biotypes while resistant biotypes increase until the weed
species no longer can be controlled with that herbicide. Refer
to KSU Extension publication MF-926, “Questions &
Answers on Managing Herbicide-Resistant Weeds," for more
information.

Figure 3. Leaf surface composition and the influence of
surfactants on droplet spread over the leaf surface (adapted
from Hull, Davis, and Stolzenberg.)

Spray Adjuvants
Spray adjuvants or additives often improve spray reten-

tion by reducing the surface tension of the spray solution,
allowing the spray droplet to spread more evenly over the leaf
surface (Figure 3). Additives also can influence absorption
into plants by dissolving the waxes on the leaf surface so the
herbicide can enter the leaf more easily. Spray additives can
increase weed control, but potentially can reduce selectivity
by increasing the spray retention and herbicide absorption by
the crop more than by the weed. Spray additives should be
used only if recommended on the herbicide label.

Herbicide Placement
Herbicide placement can be critical to effectiveness and

selectivity. Most small weed seeds that will germinate and
emerge are concentrated near the surface of the soil. Herbi-
cides applied and positioned near the soil surface will be most
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available for absorption by the germinated weed seeds.
Selectivity may be achieved by seeding the crop below the
herbicide-treated zone, especially if the herbicide is root
absorbed.

Herbicide Metabolism
Metabolism is one of the most important ways a plant

can escape the toxic effects of a herbicide. Herbicide-tolerant
plants often have the ability to metabolize or break down the
chemical to nonactive compounds before it can build up to
toxic levels at the site of action. Susceptible plants are unable
to detoxify herbicides. Selectivity of many herbicides is based
on differing rates of metabolism. Table 1 illustrates differential
metabolism and tolerance of Scepter among soybeans, velvet-
leaf, and common cocklebur.

Table 1. Imazaquin (Scepter) herbicide selectivity due to
differential metabolism in different plant species (Shaner and
Robson, 1985, Weed Science 33:469-471).

Scepter
Scepter left half-life

in plants in plants Plant
after 3 days (days) tolerance *

38% 3 T
89% 12 S
99% 30 HS

Plant species
Soybeans
Velvetleaf
Common

cocklebur

Herbicide Translocation in Plants
Systemic herbicides move or are translocated in plants.

Contact herbicides are not translocated. To be effective,
contact herbicides must be applied at the site of action. Most
foliar-applied contact herbicides work by disrupting cell



Figure 4. Site exclusion type of herbicide resistance. Atrazine ineffective in resistant biotype because a conformational change in
the chloroplast prevents it from binding at the site of action (adapted from Gunsolus).

membranes. Thorough spray coverage of a plant is essential
with foliar-applied contact herbicides in order to kill the
entire plant.

Contact herbicides generally are not as effective as
systemic herbicides for grass control or long-term perennial
weed control.  Perennial weeds can regenerate new top growth.
from underground rhizomes or buds on the root system.
Contact herbicides destroy top growth the spray solution
contacts, but the underground portion of perennial plants
remains unaffected and can rapidly initiate new growth.

Contact herbicides are usually more effective on broad-
leaves than on grasses because the growing point of grasses
remains inside the plant, protected from the spray. The
growing points on young broadleaf plants are exposed to the
spray treatment. Thus, paraquat may not kill all the growing
points of a well tillered grass plant, and regrowth can occur.

Systemic herbicides can be translocated to other parts of
the plant either in the xylem or the phloem (Figure 5). The
xylem is nonliving tissue in which water and nutrients move
from the roots to the shoots of the plant. Translocation in the
xylem is only upward. Phloem is a living, conducting system
in which materials can move both upward and downward.
The phloem helps supply energy and metabolic materials
from their source in the leaves to the roots and areas of new
growth (Figure 5).

Herbicides can be translocated in the xylem, the phloem,
or both. Translocation depends on the chemical and the
plant species. Herbicides which are translocated only in the
xylem are most effective as soil-applied or early postemer-
gence treatments because translocation is only upward.
Atrazine is a good example of a herbicide that is translocated
only in the xylem. Phloem translocated herbicides that move
down into the roots and suppress root growth as well as top
growth provide the best perennial weed control. Tordon,

2,4-D, Banvel, and Roundup are examples of systemic
herbicides that will translocate in the phloem and provide
good, long-term control of certain perennial weeds.

Factors Affecting Herbicide Activity
Factors influencing herbicide activity include application

rate, application technique, plant maturity, and environmen-
tal conditions. In addition, soil characteristics can affect soil-
applied herbicides.

Figure 5. Herbicide translocation in plants.
5



Herbicides

Moisture and temperature are environmental factors that
influence activity of soil-applied herbicides. Precipitation is
essential to move surface-applied or preemergence herbicides
into the soil and activate them. Incorporated herbicides tend
to provide more consistent weed control than surface-applied
herbicides because the herbicide is in place and adequate
moisture usually is present in the soil to activate the
chemical.

Moisture is important because it affects adsorption and
herbicide availability for uptake by plants. Adsorption occurs
when herbicide molecules adhere to soil particles and organic
matter. Adsorbed herbicide molecules are unavailable for
absorption by plants. Water molecules compete with herbi-
cide molecules for adsorption sites on soil particles and
organic matter. Therefore, herbicide adsorption is highest
under dry soil conditions, and lowest in moist soils. Conse-
quently, weed control is generally best with moist soil
conditions because more herbicide is available for plant
uptake in the soil solution or gaseous phase.

Temperature affects the activity of soil-applied herbicides
primarily because of its influence on the rate of plant germi-
nation and emergence. Plants tend to be more susceptible to
soil-applied herbicides under cool conditions than under
moderate temperatures because plant emergence is delayed,
exposing the emerging seedling to the herbicide for a longer
period of time. On the other hand, extremely high tempera-
tures sometimes increase injury simply by placing the plant
under another stress.

Soil characteristics affecting herbicide activity are texture,
organic matter, and pH. Herbicide adsorption is greater in
fine, clay-textured soils high in organic matter than in coarse-
textured soils low in organic matter. Thus, less herbicide is
available in the clay-textured soils, so more herbicide is
required to provide the same activity as in a coarse-textured
soil. At the same time, the chance of crop injury is greater on
coarse-textured soils low in organic matter because more
herbicide is available for plant uptake.

Soil pH influences the availability and persistence of
certain herbicides in the soil. The triazine herbicides (atra-
zine, simazine, Bladex, Sencor, and Lexone) and some of the
sulfonylurea herbicides (Glean, Ally, Oust, and Classic) are
more active and more persistent on high pH soils (> 7.0)
than on low pH soils. Soil pH can alter the ionic nature of
the herbicide molecule, which influences adsorption and rate
of herbicide breakdown.

Environmental conditions can have a two-fold effect on
performance of postemergence herbicides. First, plant
response to the herbicide treatment varies with temperature
and humidity. Plant response depends on the herbicide.
Hoelon tends to be more active at low temperatures than at
high temperatures, but most herbicides become more active
with increasing temperature and relative humidity.

Environment also influences herbicide efficacy by
affecting plant growth. Plants are generally most susceptible
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to postemergence herbicides when actively growing. Extreme
environmental conditions that slow plant growth often
increase plant tolerance to a herbicide. Crop injury from a
herbicide, however, can increase during poor growing
conditions because of slower metabolism and detoxification
of the herbicide. Thus, if selectivity is based on crop metabo-
lism of the herbicide, the potential for crop injury may
increase and weed control decrease if a herbicide is applied
when plants are not growing actively. For this reason, most
herbicide labels caution against application during extreme
environmental conditions.

Annual plants are usually more susceptible to herbicides
when they are small than when they are mature. Plants
develop thicker wax layers on the leaf surface as they mature,
reducing herbicide absorption. It is harder to accomplish
thorough spray coverage on large plants than on small plants.

Established perennial weeds tend to be more susceptible
to herbicides if treated during the bud stage of growth or in
the fall, probably because application at these times results in
the greatest translocation to the roots. However, they are
most susceptible to herbicides when they are true seedlings,
before they have developed the perennial structures and
characteristics.

Herbicide Mechanism of Action
Herbicides can work at various sites in plants. They

generally interfere with a process essential for normal plant
growth and development. Herbicides can be classified by
seven different mechanisms of action based on how they
work and the injury symptoms they cause. Descriptions of
each mechanism of action follow.

1. Growth Regulators
Phenoxies: 2,4-D, 2,4-DB (Butyrac, Butoxone), 2,4-DP,

MCPA, MCPP
Benzoic acids:  dicamba (Banvel)
Pyridines: picloram (Tordon), clyopyralid (Stinger), triclopyr

(Garlon)
Growth regulator herbicides are used primarily for

controlling broadleaf weeds in grass crops and pastures and
are some of the more effective chemicals for perennial weed
control.  Most growth regulator herbicides are readily ab-
sorbed through both roots and foliage and translocated in
both the xylem and phloem (Figure 5).  Translocation of foliar-
applied treatments, however, is more restricted in grasses than
in susceptible broadleaves.

These herbicides are called growth regulators because
they mimic natural growth hormones, and upset the natural
hormone balance in plants. Growth hormones regulate cell
elongation, protein synthesis, and cell division. The killing
action of growth-regulating chemicals is not caused by any
single factor, but rather by the disruption of several growth
processes in the treated plant.

üü Injury symptoms on susceptible plants treated with
growth regulator herbicides include growth and reproduction
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Table 2. Growth regulator herbicide uses and environmental considerations.

Herbicides Crop Uses
Phenoxy Acids:

2,4-D ester Small grains, corn, sorghum, fallow, pasture,
amine noncropland

MCPA ester Small grains
2,4-D ester Soybeans, alfalfa

Benzoid Acids:
Banvel Small grains, corn, sorghum, fallow, pasture,

noncropland

Fallow, pasture, noncropland, small grains
Noncropland

Pyridines:
Tordon
Garlon

Soil Potential Potential
half-life loss with loss in
(days) sediment * water *

10 M S
10 S M
14 M S
7 M S

14 S L

90 S L
46 L M

*S = small, M = medium, and L = large.

abnormalities, especially on new growth. Broadleaf species
exhibit stem and petiole twisting (epinasty), leaf malforma-
tions [parallel venation, crinkling, leaf strapping, and cupping
(especially with Banvel)], stem callus formation, and stunted
root growth. Grass plants exhibit rolled leaves (onion leafing),
fused brace roots, stem bending, and stalk brittleness.
Growth regulator herbicides may affect reproduction,
resulting in sterile or multiple florets, and nonviable seed
production.

ü Environmental and use considerations. All growth regula-
tor herbicides can cause serious drift injury to susceptible
plants (i.e., tomatoes, grapes, sunflowers, soybeans, cucum-
bers). The phenoxy herbicides may be formulated as esters or
amines. The esters are volatile and can cause vapor drift
damage, while the amines are essentially nonvolatile. Banvel
also is subject to vapor drift. Vapor drift increases as tempera-
tures increase, and may occur as late as one to two days after
application.

The phenoxies are relatively short-lived in the environ-
ment and have small pollution potential. Banvel and Tordon
are water soluble and moderately persistent in the soil.
Consequently, these herbicides have a relatively high leach-
ing potential and should not be used on coarse-textured soils
with a shallow water table, where groundwater contamina-
tion is most likely to occur.

2. Seedling Growth Inhibitors
The seedling growth inhibitors are in three groups: 1) the

shoot inhibitors (thiocarbamates or carbamothioates), 2) the
shoot and root inhibitors (acid amides), and 3) the mitotic
poisons (dinitroanilines).
Thiocarbamates: EPTC (Eradicane, Eptam), butylate

(Sutan +), triallate (Far-Go)
Acid Amides: alachlor (Lasso), metolachlor (Dual),

propachlor (Ramrod)
Dinitroanilines: trifluralin (Treflan, Trilin, Tri-4),

pendimethalin (Prowl), ethalfluralin (Sonalan), benefin
(Balan)

Thiocarbamates or carbamothioates (Eradicane, Eptam,
Sutan +, and Far-Go) are used preplant incorporated for
control of annual grasses and some broadleaf weeds. All are
volatile and need to be incorporated immediately after
application to avoid excessive vapor loss. Vapor loss of the
thiocarbamate herbicides is less when applied to dry soils
than when applied to moist soils. The thiocarbamates are
absorbed from the soil solution or vapor phase through both
roots and emerging shoots, but are translocated only in the
xylem. The primary site of absorption and action is the
coleoptilar node (grasses) and growing point. The mechanism
of action of these herbicides is not well understood, but they
seem to interfere with normal cell development, especially at
the growing point.

Corn tolerance increases with use of dichlormid antidote
(formulated in Eradicane and Sutan +), which increases
metabolism of the chemicals to nontoxic substances. Dichlor-
mid is unique because it can be applied with the spray
formulation at low rates and selectively protects only corn
against thiocarbamate injury.

Repeated use of the thiocarbamate herbicides on the
same field results in a buildup of microbes that break down
the herbicides, decreasing their residual life and period of
weed control. This phenomena is known as “enhanced
degradation” or soil conditioning. Repeated use of one
thiocarbamate herbicide also conditions the soil for en-
hanced degradation of the other thiocarbamates. An ex-
tender (dietholate) is included in Eradicane Extra to help
overcome enhanced degradation of the chemicals, but the
extender also is subject to enhanced degradation. It is only a
temporary solution to the problem. The best way to avoid
enhanced degradation of thiocarbamate herbicides is to
rotate to a different class of herbicides and avoid application
of thiocarbamates in successive years.
üInjury symptoms on grass plants include failure of the

shoot to emerge from the coleoptile or whorl of the plant,
giving the plant a buggy-whip appearance. Susceptible grasses
often fail to emerge from the soil. Injury symptoms on
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broadleaf plants include enlarged cotyledons, restricted
growth of the true leaves, and dark green color, a symptom
sometimes referred to as bud seal. The roots become short-
ened, thickened, brittle, and club-shaped.

Acid amide herbicides (Lasso, Dual, and Ramrod) are used
preplant incorporated or preemergence (Ramrod preemer-
gence only) to control annual grasses and some broadleaf
weeds in a variety of crops. The acid amides do not control
emerged plants. The primary site of absorption and action of
these herbicides on broadleaf species is the roots, while the
primary site of absorption and action on grass species is the
shoot, especially the coleoptilar node and growing point. The
acid amides are not readily translocated in the plant, so
herbicide placement and availability are important. As with
the thiocarbamates, the mechanism of action of the acid
amides has not been well defined, but appears similar to the
thiocarbamates. These herbicides affect various biochemical
processes in the plant and interfere with normal cell
development.

crops. Treflan, Sonalan, and Balan need to be incorporated to
avoid photodecomposition and volatility losses. Prowl is less
volatile than the other dinitroaniline herbicides and can be
applied preemergence, but generally provides the best weed
control when incorporated. The dinitroaniline herbicides are
absorbed by both roots and shoots of emerging plants, but
are not readily translocated (Figure 5). The coleoptilar node is
the primary site of absorption and action on grass species.
These herbicides are mitotic poisons that inhibit cell division.
Thus, the meristematic regions, such as the growing point of
the stem and the root tips, are most affected. Selectivity may
be based on metabolism, as well as herbicide placement and
type of emergence of the grass species.

üüInjury symptoms on grass species include short, swollen
coleoptiles. Injured broadleaf plants often have swollen
hypocotyls. Both grasses and broadleaves may have short,
stubby secondary roots. As a consequence, the plants may be
stunted and exhibit nutrient deficiency symptoms because of
the poorly developed root system.

Lasso and Dual may be used in sorghum if the seed is üüEnvironmental and use considerations. The thiocarba-
treated with Screen or Concep seed protectants. The seed mates and dinitroanilines are characterized by low solubility
protectants increase sorghum tolerance to the acid amide in water and high adsorption to soils. Thus, they are not
herbicides by increasing metabolism to nonactive readily leached through the soil. The acid amides are more
compounds. soluble and less adsorptive, but less persistent in the soil.

üü Injury symptoms caused by the acid amides are similar to
those caused by the thiocarbamates. The new shoots fail to
emerge from the coleoptile and whorl of the stem on grass
species. Susceptible germinating grasses often fail to emerge
from the soil. Injury symptoms on broadleaf species include
general stunting and a drawstring effect around the margins
of the true leaves.

Dinitroaniline herbicides (Treflan (trifluralin), Sonalan,
Prowl, and Balan) are generally applied preplant incorporated
to control annual grasses and some broadleaf weeds in many

Uracils: terbacil (Sinbar), bromacil (Hyvar)
Benzothiadiazoles: bentazon (Basagran)
Nitriles: bromoxynil (Buctril)

tebuthiuron (Spike)
Phenylureas: linuron (Lorox, Linex), diuron (Karmex),

3. Photosynthetic Inhibitors
Triazines: atrazine, cyanazine (Bladex), simazine (Princep),

metribuzin (Sencor, Lexone), ametryn (Evik), prometon
(Pramitol)

Table 3. Seedling growth inhibitor uses and environmental considerations.

Herbicides Crop Uses
Thiocarbamates:

Eradicane Corn
Eptam Dry beans, sunflowers
Sutan + Corn
Far-go Wheat

Acid Amides:
Lasso Corn, sorghum, dry beans, sunflowers, vegetables
Dual Corn, sorghum, dry beans, vegetables
Ramrod Corn, sorghum

Dinitroanilines:
Treflan Soybeans, dry beans, sunflowers, vegetables
Sonalan Soybeans, dry beans, sunflowers, vegetables
Prowl Soybeans, dry beans, sunflowers, vegetables
Balan Alfalfa

Soil
half-life
(days)

30
30
12
82

15
20
6

60
60
90
40

Potential Potential
loss with loss in

sediment* water *

M M
M M
M M
L S

M M
M M
M S

L S
L S
L S
L S

*S = small, M = medium, and L = large.

8



Herbicides

Table 4. Photosynthetic inhibitor herbicide uses and environmental considerations.

Soil Potential Potential
half-life loss with loss in

Herbicides Crop Uses (days) sediment * water*

Triazines:
atrazine Corn, sorghum, fallow, noncropland 60 M L
Blades Corn, sorghum, fallow 14 M M
Princep Corn, noncropland, aquatic 75 M L
Pramitol Noncropland 60 L M
Sencor/Lexone Soybeans, alfalfa 30 M L

Phenylureas:
Lorox Soybeans, corn, sorghum 60 M M
Karmex Alfalfa, noncropland 90 L M
Spike Noncropland 360 M L

Uracils:
Sinbar Alfalfa, noncropland 120 M L
Hyvar Noncropland 60 M L

Benzothiadiazoles:
Basagran Soybeans, dry beans, corn, sorghum 20 M L

Nitriles:
Buctril Corn, sorghum, wheat, barley 5 M S

*S= small, M= medium, L= large.

Photosynthetic inhibitor herbicides control many
broadleaf and some grass weeds.  The triazines, phenylureas,
and uracils are soil-applied or early postemergence herbicides
in crops and noncropland sites.  These herbicides are ab-
sorbed by both shoots and roots, but are translocated only in
the xylem (Figure 5).

Basagran and Buctril are used primarily as early post-
emergence treatments. Basagran and Buctril are contact
herbicides that are not translocated in the plant (Figure 5).
Thorough spray coverage of the foliage is essential for
good weed control with these herbicides when applied
postemergence.

These herbicides block photosynthesis, the food produc-
tion process in the plants. Plants are not affected by the
herbicide until after they emerge and begin photosynthesis.
Even though photosynthesis is inhibited by these herbicides,
susceptible plants do not die simply from starvation. Herbi-
cide injury symptoms appear too quickly and are not typical
of starvation. Instead, susceptible plants treated with a
photosynthetic inhibitor die from a buildup of highly reactive
molecules that destroy cell membranes.

The selective action of triazine herbicides is primarily
determined by the pathway they are metabolized and the rate
of detoxification in a given plant. Plants species such as corn
and sorghum possess the glutathione-S-transferase enzyme
and can selectively metabolize triazine herbicides into
nontoxic substances. Crop and weed selectivity to urea
herbicides such as Lorox primarily is due to herbicide
placement rather than metabolism or differential physiologi-
cal tolerance of plant species.
üüInjury symptoms from soil-applied treatments will not

appear until after photosynthesis begins. Susceptible broad-

leaf plants will exhibit interveinal chlorosis and necrosis
beginning around the margins and progressing toward the
center of the leaves. Susceptible grasses will become chlorotic
and necrotic beginning at the leaf tips and progressing toward
the base of the leaves. Plant injury from Buctril and Basagran
will occur only where the foliage has come in contact with
the herbicide spray. Treated foliage will become yellow or
bronze and soon after will turn brown and die.
üü Environmental and use considerations. Basagran and

Buctril are foliar-applied and relatively short-lived in the
environment. They do not pose a serious environmental
threat. The other photosynthetic inhibitor herbicides are
primarily soil-applied and have fairly long persistence in the
soil. These herbicides potentially could contaminate both
groundwater and surface water, if not managed properly.
Because of these properties and its extensive use in crop
production, atrazine frequently has been detected in both
groundwater and surface water.

4. Amino Acid Synthesis Inhibitors
Sulfonylureas: chlorsulfuron (Glean), metsulfuron (Ally),

tribenuron (Express), trisulfuron (Amber), chlorimuron
(Classic), thifensulfuron (Pinnacle), sulfameturon (Oust),
primisulfuron (Beacon)

Imidazolinones: imazaquin (Scepter), imazethapyr (Pursuit),
imazapyr (Arsenal)

Amino acid derivatives: glyphosate (Roundup)
Sulfonylureas and imidazolinones have a broad spectrum

of selectivity and are used at low rates as soil-applied and
postemergence treatments in a variety of crops. The amino
acid derivatives are relatively nonselective postemergence
treatments.

Sulfonylurea and imidazolinone herbicides are readily
absorbed by both roots and foliage and translocated in both
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Table 5. Amino acid synthesis inhibitor herbicide uses and environmental considerations.

Soil Potential
half-life loss with

Herbicides Crop Uses (days) sediment *

Sulfonylureas:
Glean Small grains 160 f(pH)
Ally Small grains 120 f(pH)
Harmony Extra Small grains 5 S
Classic Soybeans 40 f(pH)
Pinnacle Soybeans 2 S
Beacon Corn NA NA
Accent Experimental (corn) NA NA

Imidazolinones:
Scepter Soybeans 60 f(pH)
Pursuit Soybeans NA NA
Arsenal Noncropland 90 S

Amino Acid
derivatives:

Roundup Noncropland, fallow, spot trt. 47 L

*S = small, M = medium, and L = large, f(pH) = function of soil pH, NA = not available.

Potential
loss in
water *

f(pH)
f(pH)

M
f(pH)

M
NA
NA

f(pH)
NA
L

S

the xylem and phloem (Figure 5). They can be used as soil-
applied or foliar treatments. These herbicides block synthesis
of the branch chain amino acids (leucine, isoleucine, and
valine) that are essential in formation of new cells. Selectivity
is based on differential metabolism and site exclusion. Kochia
and Russian thistle populations resistant to these herbicides
have developed in areas of continuous Glean use.
üüInjury symptoms caused by the sulfonylurea and imidazo-

linone herbicides are not apparent until one to two weeks
after treatment, although susceptible plants stop growing
soon after herbicide application. Affected plants can exhibit
stunting, interveinal chlorosis, red venation, purpling, root
pruning, and gradual death.

Amino acid derivative herbicides (Roundup) are readily
absorbed through plant foliage and translocated in the
phloem (Figure 5). They are inactive in the soil because of
adsorption. The amino acid derivatives inhibit synthesis of
the aromatic amino acids tyrosine, tryptophan, and
phenylalanine.
üüInjury symptoms are not apparent until three to five days

after treatment and include stunting, foliage discoloration,
and slow plant death.
üüEnvironmental and use considerations. These herbicides

have exceptionally low toxicity and are environmentally
sound because of the extremely low use rates. Herbicide drift
and spray contamination, however, are a concern because of
the sensitivity of susceptible crops to these chemicals. Many
of the sulfonylurea and imidazolinone herbicides can carry
over in the soil and injure subsequent crops. Carryover of the
sulfonylurea herbicides is much greater in high pH soils than
low pH soils.

5. Lipid Synthesis Inhibitors
Aryloxyphenoxypropionates: diclofop (Hoelon), fluazifop

(Fusilade), fenoxaprop (Whip, Option), quizalofop (Assure)
Cyclohexanediones: sethoxydim (Poast)

Lipid synthesis inhibitor herbicides primarily are used
postemergence for grass control in broadleaf crops. They have
a high degree of selectivity with excellent broadleaf crop
safety. These herbicides are absorbed through the foliage and
translocated in the phloem to the meristematic regions
(Figure 5). The postemergence grass control herbicides halt
meristematic activity by inhibiting the synthesis of lipids and
fatty acids. Lipids are essential components of cell membranes
and without them, new cells cannot be produced. Most of
these herbicides must be applied with an adjuvant for best
results.

Application of the postemergence grass herbicides with a
broadleaf herbicide often results in reduced grass control, a
response called antagonism. The antagonism can he over-
come by applying separate treatments several days apart, or
by increasing the rate of the grass control herbicide.
üüInjury symptoms caused by the lipid synthesis inhibitors

are not evident until one to two weeks after treatment,
although the plants cease growing soon after herbicide
application. Treated grass plants may still look healthy for
several days after treatment, but new leaves in the whorl of
the plant will pull out easily, exposing decayed tissue at the
base of the leaves. The plants gradually will turn purple,
brown, and die.
üüEnvironmental and use considerations. The selective

postemergence grass control herbicides are foliar applied,
short-lived in the soil, have a low water solubility, and are
used at relatively low rates. Thus, they have a low leaching
potential and do not pose a serious threat to the environment.
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Table 6. Lipid synthesis inhibitor herbicide uses and environmental considerations.

Soil Potential Potential
half-life loss with loss in

Herbicides Crop Uses (days) sediment * water *
Aryloxyphenoxypropionates:

Hoelon Wheat, barley 20 M S
Fusilade Soybeans, vegetables, ornamentals 20 L S
Assure Soybeans 60 L S
Whip/Option Soybeans NA NA NA

Cyclohexanediones:
Poast Soybeans, sunflowers, vegetables, ornamentals 10 f(pH) f(pH)

*S = small, M = medium, L = large, and f(pH) = function of soil pH, NA = not available.

Table 7. Membrane disrupter herbicide uses and environmental considerations.

Herbicides Crop Uses
Diphenylethers:

Blazer/Tackle Soybeans
Cobra Soybeans
Reflex Soybeans

Bipyridiliums:
Cyclone/

Gramoxone Fallow, No-till
Diquat Desiccant, aquatic

*S = small, M = medium, and L = large.

Soil Potential
half-life loss with
(days) sediment *

30 M
30 M

180 M

500 L
1,000 L

Potential
loss in

water *

M
S
L

S
S

Table 8. Pigment inhibitor herbicide uses and environmental considerations.

Soil Potential
half-life loss with
(days) sediment *

24 M

Herbicides Crop Uses
Isoxazolidinones:

Command Soybeans, fallow

*S = small, M = medium, and L = large.

Potential
loss in

water*

M

6. Cell Membrane Disrupters
Diphenylethers: aciflourfen (Blazer, Tackle), lactofen (Cobra),

fomesafen (Reflex)
Bipyridiliums: paraquat (Gramoxone Extra, Cyclone), diquat

The cell membrane disrupters are postemergence contact
herbicides that are light activated. The bipyridiliums are
relatively nonselective chemicals used to control all existing
vegetation and as preharvest desiccants. The diphenylether
herbicides provide postemergence broadleaf weed control in
soybeans. The cell membrane disrupters are absorbed
through plant foliage, but are not translocated (Figure 5). The
herbicides quickly form highly reactive compounds in the
plants that rupture plant cell membranes, causing the fluids
to leak out. Thorough spray coverage is essential for good
weed control. Because they are not translocated to the roots,
these herbicides are ineffective for long-term perennial weed
control. Cell membrane disrupter herbicides are inactive in

the soil because they are tightly bound or adsorbed to soil
particles. Adjuvants increase foliar response on plants.
üü Injury symptoms can occur within one to two hours after

application, appearing first as water soaked foliage, which is
followed by browning (necrosis) of the tissue wherever the
spray contacts foliage. Drift injury will appear as speckling on
leaf tissue.
üüEnvironmental and use considerations. The bipryidiliums

are irreversibly adsorbed upon contact with the soil and have
no soil activity. They are persistent in the soil, however, and
could potentially move with the soil. The diphenylether
herbicides are shorter-lived, but not as tightly bound to the
soil.

7. Pigment Inhibitors
Isoxazolidinones: clomazone (Command)

Command is used preplant incorporated in soybeans and
in fallow for control of certain annual grass and broadleaf
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weeds, especially velvetleaf. Command is translocated only
upward in the xylem (Figure 5).

These herbicides inhibit synthesis of photosynthetic
pigments called carotenoids, which protect chlorophyll from
destruction by light. Without carotenoids, chlorophyll is
destroyed and the plants are incapable of photosynthesis.
üüInjury symptoms from the pigment inhibitor herbicides

are expressed as white to translucent color of new foliage.
üüEnvironmental and use considerations. Command is

volatile and can cause vapor drift damage, especially if not
incorporated. However, vapor drift damage from Command
generally is only temporary. Command is moderately persist-
ent in the soil, but relatively immobile.

References
Anderson, W.P. 1983.  Weed Science:  Principles (2nd edition).

West Publishing Co., St. Paul, MN. 655 pp.
Ashton, F.M. and A.S. Crafts. 1981. Mode of Action of

Herbicides.  Wiley-Interscience, New York, NY 525 pp.
Devlin, D.L., D.G. Mosier, D.L. Regehr, and E.B. Nilson.

1989.  Residual herbicides, degradation, and recropping
intervals.  Kansas State University Extension Publication
C-707.

Gunsolus,  J.L. 1989.  Herbicide mode of action.  Minnesota
Extension Publication AG-FO-3832. 8pp.

Hartwig, N.L. 1988. Introduction to weeds and herbicides.
Penn State Cooperative Extension Circular 365. 12pp.

Regehr, D.L. and D.W. Morishita.  1989. Questions &
answers on managing herbicide-resistant weeds.  Kansas
State University Extension Publication MF-926.

Regehr, D.L., Peterson, D.E., and J.S. Hickman.  1990.
Herbicide behavior in soils.  Kansas State University
Extension Publication.

Ross, M.A. and C.A. Lembi.  1985.  Applied weed science.
Burgess Publishing Co., Minneapolis, MN. 340 pp.

Dwight G. Mosier
Extension Specialist

Crops and Soils
Southwest Area

Dallas E. Peterson David L. Regehr
Extension Specialist Extension Specialist

Weed Science Weed Science

Brand names appearing in this publication
are used for product identification. No

endorsement is intended, nor is criticism of similar
products not mentioned.

Printed on recycled paper.

October 1990

COOPERATIVE EXTENSION SERVICE, MANHATTAN, KANSAS

C-715
Issued in furtherance of Cooperative Extension Work, acts of May 8 and June 30, 1914, as amended. Kansas State University, County
Extension Councils, and United States Department of Agriculture Cooperating, Walter R. Woods, Director. All educational
programs and materials available without discrimination of the basis of race, color, national origin, sex, age, or handicap.

File Code: Crops & Soils, 5-2 JH 10-90-4M


