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Grasshoppers are common pests in Montana particularly in the central and eastern 
regions. During 2010 - 2012, however, Montana has been facing a potential outbreak in 
size not witnessed since the mid 1980’s. Managing grasshoppers during severe 
outbreaks can be challenging. Ranches may have to consider alternative sources of 
forage. At severe outbreak levels even repeated insecticide applications may not 
salvage spring planted crops that are surrounded by grassland. 
 
Rangeland: A total of 15-20 grasshopper nymphs per square yard is considered an 
economic threshold for treatment. At these densities grasshoppers can result in 200 – 
500 pounds of lost forage per acre of rangeland, depending on their duration and 
conditions such as precipitation. Reduced Agent and Area Treatment strategies 
(RAATs) can be used to control grasshoppers in rangeland. USDA research has 
demonstrated that RAATs, a “skip pass” approach that also uses lower rates of 
insecticide, can achieve 80 to 95% control (compared to 85-99% control with complete 
blanket coverage at the full insecticide rate) at a lower cost. RAATs can be applied by 
ground or air. The insecticide dimilin is most commonly used in large-scale grasshopper 
spray operations.  Dimilin is an insect growth regulator that is only effective against 
juvenile insects that are molting. It is NOT effective against adult insects that no longer 
molt, so timing is critical. Ideally the majority of grasshoppers should be in the 3rd instar 
stage during treatment. Commercial honeybee colonies are often placed on ranchland. 
A benefit of dimilin’s mode of action is that it is relatively safe to adult honeybees. 
 
Spring Wheat: Grasshoppers are notorious for their ability to move into cropland from 
surrounding grassy areas; cropland surrounded by grass is particularly at risk. The 
treatment threshold for immature nymphs is different from thresholds for adults, and 
also depends on whether the grasshoppers are within the field or around the edges. 
The attached High Plains IPM Guide contains a table for thresholds in spring and winter 
planted wheat. Crop protection is typically achieved by applying a boarder treatment of 
insecticide to keep the grasshoppers from entering the crop. A border width of 150 feet 
surrounding the crop may be adequate for control, but if grasshopper densities are high, 
control may require up to a 1/4 mile border treatment where ground applied RAATs can 
be considered. Under extreme pressure, control may be difficult and multiple border 
treatments may be required. Border areas and crop margins should be monitored after 
treatment to ensure that grasshoppers do not re-enter the field. Insecticide baits can 
also be effectively used but USDA research has found that the effectiveness of 
insecticidal baits can depend on grasshopper densities. Baits are not recommended 
when grasshopper densities are higher than 30-40 per square yard. 
 







Winter Wheat: Emerging winter wheat can be particularly vulnerable to damage by 
grasshoppers. The larger adult stage grasshoppers are more difficult to control and can 
move into emerging winter wheat fields from surrounding grassy areas. Treatment 
thresholds for emerging winter wheat are lower, 3-7 per square yard within the field, or 
11-20 per square yard around the margin probably requires treatment. Border 
treatments applied as insecticidal sprays or seed treatments are the main 
recommendation for protecting emerging winter wheat. Typically, spraying 150 feet 
beyond the edge of the crop or 1-2 passes with treated seed around the perimeter of 
the field is a sufficient border. Adult grasshoppers are more difficult to control, and the 
higher end of the label rate is recommended. If grasshopper populations are very high 
they are difficult to control, borders up to ¼ of a mile and repeated applications may 
need to be considered. When applying border sprays, timing is important. Border sprays 
beyond the edge of the crop need to be applied just before the wheat emerges; if it is 
applied too early there may not be enough residual, it is applied too late, the damage 
may have already occurred. Systemic seed treatments eliminate the timing concern, but 
systemic insecticides require feeding to be active, but damage should be slowed 
considerably. Commonly used insecticides are listed in the attached High Plains IPM 
pest notes.  


 
Treatment Thresholds: The number of insects that require treatment to prevent 
economic damage can depend on factors such as the weather, crop health and crop 
stage. For example, damage to rangeland by the same density of grasshoppers is more 
severe during drought periods. Fewer grasshoppers can cause economic damage to 
crops if they are feeding at sensitive developmental times. In some cases grasshoppers 
in spring wheat crops can clip the developing heads, for example. One research study 
reported that grasshoppers in lentil fields during flowering feed preferentially on the 
flowers and developing pods, and a treatment threshold of only 2 per square yard was 
recommended. Therefore treatment thresholds should be used as a sound guide 
tempered with experience and observations of damage.  
 
Additional information can be found on the USDA ARS Sidney grasshopper website, 
http://www.sidney.ars.usda.gov/grasshopper/. The High Plains IPM Guide website, 
http://wiki.bugwood.org/HPIPM, provides detailed information on sampling, thresholds 
and management. RAATs brochures and management guides are provided as 
attachments below. 
 
 
 
 
 
 
 
 
 
 
 







Staging Grasshoppers: Most grasshoppers have five juvenile stages (nymphs) called 
instars, one through five. In most cases only the mature grasshoppers have fully formed 
wings and can fly. During each instar stage the immature wing buds continue to grow. 
The first become easily visible in the 3rd instar stage. In addition to size, the developing 
wing buds are a useful feature to help stage grasshopper to time insecticide sprays on 
rangeland.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Nymphal instars: usually 5 
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Range and Pasture XIX-1 


Grasshoppers 
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Grasshopper.  


 


Field Biology  


While there are a great number of grasshopper species, only about eight to 10 of these 
ever reach populations which could be considered economic. Some species, in fact, are 
beneficial. Hypochlora alba, for example, is closely associated with Artemesia 
ludoviciana (Louisiana sagewort), an undesirable perennial forb. Species of the genus 
Hesperotettix also feed on undesirable forbs and shrubs and Melanoplus packardii feeds 
on thistles.  
Grasshoppers can generally be divided into three groups based on their feeding habits 
which is dictated by their mandibular types. These are grass feeders, mixed feeders and 
forb feeders. Generally, several species of mixed feeders and a few grass feeding species 
are the ones that will increase in numbers to the point that they may become an economic 
infestation.  


Identification (and Life Cycle/Seasonal History)  


Rangeland grasshopper identification, while not easy, can be accomplished by anyone 
with some knowledge of insects with the aid of Dr. Robert Pfadt's pictorial key (Pfadt, 
1994). This publication has colored plates of most of the grasshopper species that are 
economic in the Northern Great Plains. The pictures are of male and female grasshoppers 
and of the various nymphal stages. It also gives distribution, feeding habits, life cycle and 
general preferred habitats for each species. Two other publications, Hewitt, et al (1974) 
and Haws (1982), were used extensively in developing this manuscript.  
Generally, grasshoppers have one generation per year. Eggs are deposited in the ground 
in the fall. The female depresses the ovipositor into the ground and as eggs are being 
deposited, a frothing, sticky substance is secreted with the eggs. This material gathers soil 
particles that form an insulated pod around the eggs that ensures winter survival. The 
eggs hatch in the spring and summer and hatch is dependent on soil temperature, which 
differs for different species. Three or four species overwinter as nymphs but these are 
generally non-economic.  


Plant Response and Damage  
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Plant damage resulting from grasshopper feeding goes beyond the amount of vegetation 
consumed. In the feeding process, grass stems and blades are cut and fall from the plant. 
Thus the leaf tissue is lost and so is some seed stock, which reduces grass production.  
It has been reported that 20 grasshoppers per square yard will eat or destroy as much 
forage as a thousand pound steer will consume. However, assessment of potential loss to 
rangeland is complicated as indicated in the discussion on use of the control decision 
model. Climatic factors play an important part in the assessment of damage potential of 
grasshoppers. If adequate moisture is available, forage regrowth will offset much of the 
grasshopper damage. Unfortunately, most grasshopper outbreaks occur when drought 
conditions are prevalent. Overstocking livestock is common during moisture shortages. 
Many of the outbreak grasshopper species prefer overgrazed range as a habitat. In 
addition, the grasshopper biological control agents such as diseases and predators are not 
as prevalent in overgrazed, droughthy habitats as they are under normal conditions.  
Recent joint ARS/North Dakota State University studies indicated that rangeland grazed 
in a twice-over rotation grazing regime reduced grasshopper nymphs by 79 percent and 
subsequent adult numbers by 71-96 percent when compared to continual grazing for five 
months. Earlier studies at the Kansas State University Range Experiment Station 
determined that adult grasshoppers were more numerous on early-spring burned, heavily 
grazed, and mid-spring burned pastures than on fall-burned or deferred grazing 
moderately stocked pastures.  


Management Approaches  


Host Plant Resistance  
None.  
Biological Control  
Several predators and parasites attack grasshoppers or their eggs. Range inhabiting birds, 
robber flies, wasps, spiders, Diptera in the families, Sarcophagidae, Tachinidae and 
Nemestrinidae, blister beetles (grasshopper eggs), and nematodes all have been observed 
as predators or parasites of grasshoppers. However, none of these seem viable as a 
control agent that could be manipulated to control a grasshopper outbreak. Disease agents 
including the micro-sporidia Nosema locustae, a virus in the entomopox virus group, and 
several fungal species have been evaluated as control agents for grasshoppers but to date 
none have been very successful.  
 
Chemical Control  
Sampling/Surveying/Timing of Sampling  
Grasshopper surveys have been done by APHIS and state entomologists in the fall after 
egg deposition and again in the spring. These numbers were then mapped for the 11 
western range states. APHIS entomologists no longer conduct the surveys and some state 
entomologists are no longer conducting grasshopper surveys either. Fall surveys served 
some purpose but were not as useful as the surveys made after hatching is completed.  
Several methods of determining grasshopper numbers have been used. The most practical 
is probably a standard sweep net equipped with a bush net.  
 
Economic Threshold  
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Economic thresholds are determined by counting the number of grasshoppers per square 
yard. Fifteen to 20 grasshopper nymphs per square yard is considered the economic 
threshold. This number is considered to equate to eight to 10 adults. However, the 
economic threshold can be modified by climatic conditions. If moisture is adequate 
regrowth of the consumed or destroyed vegetation may offset the damage. Recent 
insecticide trials in Wyoming indicate that reduced rates of carbaryl (Sevin) both in the 
amount of pesticide and area treated of about 50 percent only reduced control from 85 to 
79 percent. This reduction in pesticide would reduce control costs by 60 percent.  
 
Product list for grasshoppers: 
Insecticide  Lbs Active Ingredient Per 


Acre 
(Fl oz. Or oz. Product) 


Preharvest Interval, 
Remarks 


carbaryl (Sevin XLR 
Plus, 80S soluble, 4F, 
20% bait) 


0.5-1.5 lb. No restrictions.  


Diflubezuron (Dimilin 
25), 2L  2 oz (25W), 1 oz (2L) 


Treat for grasshoppers in 2nd 
to 3rd instar, growth regulator 
– will not control adults; no 
grazing restrictions. 


Malathion (57EC)  
Malathion (ULV9.33) 


EC: 1-1. 5 LB. 
ULV: 8-12 oz. 


Apply undiluted by air.  
No restrictions. 


The information herein is supplied with the understanding that no discrimination is intended and that listing of commercial products, necessary 
to this guide, implies no endorsement by the authors or the Extension Services of Nebraska, Colorado, Wyoming or Montana. Criticism of 
products or equipment not listed is neither implied nor intended. Due to constantly changing labels, laws and regulations, the Extension 
Services can assume no liability for the suggested use of chemicals contained herein. Pesticides must be applied legally complying with all 
label directions and precautions on the pesticide container and any supplemental labeling and rules of state and federal pesticide regulatory 
agencies.  State rules and regulations and special pesticide use allowances may vary from state to state: contact your State Department of 
Agriculture for the rules, regulations and allowances applicable in your state and locality. 


 
 
Categories:  Range, Insects, Pasture, Grasshoppers 
 
Date: 12/18/06 
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A schematic of an ATV-RAAT application
with a 15 feet spray swath and 33% coverage.


Do more
with less


using
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example, with ATV tires having a 30-inch
circumference, place a mark on the tire and
count 17 rotations between swaths (30 inches
x 17 = 510 inches = 42.5 feet).  Unlike
cultivating a crop, spraying grasshoppers
doesn’t require absolute precision.  Skips in
the pattern to avoid obstacles won’t affect
results if the majority of the area is treated at
the coverage and rate desired.  An advantage
with ATV-RAATs is that rocky hill tops and
other areas that don’t hold much forage or
many grasshoppers can be skipped and
additional swaths placed in more heavily
infested, productive areas.


Operator Safety Equipment and
Training
ATVs can be hazardous to operate.  ATV-
sprayers should only be operated by persons at
least 18 years old.  Always wear recommended
safety equipment such as gloves, safety
goggles, and a helmet.  Be sure to take a
training course on the safe operation of an
ATV.  Drive cautiously as fully-loaded spray
tanks will add more than 200 pounds of
weight that will affect the braking and han-
dling characteristics of an ATV.


Carbaryl-Bran Application
Carbaryl-treated wheat bran is sometimes a
good choice for grasshopper control because it
is fairly target specific and it reduces the
amount of insecticide introduced in the
environment.  The susceptibility to carbaryl
bran of the predominant grasshopper species
in the infestation must be determined, because
not all grasshopper species will pick up treated
bran flakes.  Bait susceptibility information is
available at http://www.sidney.ars.usda.gov/
grasshopper/.  Peacock Industries makes both


systemic insecticide wheat bran and the Model
20 ATV-compatible applicator. More informa-
tion can be found at www.grasshoppercontrol.com
or by calling (306) 225-4691.


Exceptions to the “Rules”
Higher rates and/or coverages may be needed if:


1. treatments are applied to late-instar
nymphs (especially if using Dimilin® 2L),


2. ground temperatures exceed air temperatures,


3. grasshopper densities are extreme (e.g.,
>40 per square yard),


4. forage cover is tall and/or dense, or


5. terrain is rough.


In all cases, grasshopper management software
(CARMA¹ or HOPPER²) should be used to
assess program options.  Always apply insecti-
cides in accordance with label directions and
established guidelines for buffers around
water, bees, and human habitations.


¹For more information on RAATs or to
download CARMA, visit
www.wygisc.uwyo.edu/grasshopper/


²Available from the USDA-ARS Northern
Plains Agricultural Research Laboratory at


www.sidney.ars.usda.gov/grasshopper/
Support/Hopper.htm


or contact:


Assistant Professor Alexandre Latchininsky
Association for Applied Acridology International


and
College of Agriculture (Renewable Resources)


Dept. 3354, University of Wyoming
1000 E. University Ave.


Laramie, WY 82071
(307) 766-2298; latchini@uwyo.edu


Funding for RAAT research has been provided
by the state of Wyoming (legislature, depart-
ment of agriculture, weed and pest districts,
University of Wyoming), U.S. Department of
Agriculture (Western Regional IPM Project,
APHIS, and CSREES), and cooperating
industries.


The information given herein is for educational
purposes only.  References to commercial
products or trade names are made with the
understanding that no discrimination is
intended and no endorsement by the Coopera-
tive Extension Service is implied.


Persons seeking admission, employment, or access
to programs of the University of Wyoming shall
be considered without regard to race, color,
national origin, sex, age, religion, political
belief, disability, veteran status, and marital or
familial status.
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Ground-Applied Reduced Agent
Area Treatment (RAATs) Strategies
Ground-based spraying to control grasshopper
infestations is not new, but it has been largely
disregarded by pest managers for two reasons. 
First, blanketing thousands of infested acres
using a spray rig is impractical.  However,
economically and rapidly treating moderately-
sized “hot spots” (up to 640 acres) can
prevent them from growing into serious
outbreaks.  Second, equipment and operators
can’t stand the abuse when using traditional
tractor or truck-mounted sprayers on range-
land.  But now there is a viable alternative to
these vehicles.


By combining RAATs and heavy-duty, 4-wheel
drive All-Terrain Vehicles (ATVs), a way has
been found to suppress incipient infestations. 
ATVs are widely used for applying herbicides
in rough country, and these systems can be
easily adapted to grasshopper control.  By
adapting strategies gleaned from eight years of
aerial-RAAT research,  grasshopper control for
less than $1.00/acre protected is now pos-
sible.


What are RAATs?
RAATs are a method of integrated pest
management (IPM) for rangeland grasshop-
pers in which the rate of insecticide is reduced
from conventional levels and untreated swaths
(refuges) are alternated with treated swaths.
RAATs work through chemical control,
meaning grasshoppers are killed in treated
swaths and as they move out of untreated
swaths, and conservation biological control,
which allows predators and parasites preserved
in untreated swaths to suppress grasshoppers.
This IPM approach can reduce the cost of
control and the amount of insecticide used by
more than 50 percent.


Why use RAATs?
Economics
Inflation and the restructuring of the USDA
cost-share program have tripled the cost of
rangeland grasshopper management for
ranchers compared with the control cost
during the late 1980s. Most states no longer
subsidize grasshopper programs; therefore, the
cost of traditional tactics will usually exceed
the benefits.  Even though certain federal or
state subsidies for grasshopper control are
becoming available in some states, the ex-
penses of a management program remain
largely a producer’s burden because of high
insecticide and treatment costs.


Environment
Less insecticide in the environment lowers the
risk to native species (including fish and
wildlife), water quality, and humans. The
untreated swaths provide a refuge for organ-
isms with lower mobility than grasshoppers,
and even those organisms that move into the
treated swaths will be largely unaffected unless
they feed on the foliage.  RAATs are the
preferred option in the USDA-APHIS EIS if
grasshopper control is required.


What to expect from ATV-RAATs
Efficacy
This method will normally result in 75 to 85%
control, which is approximately 5 to 15% lower
mortality than with a conventional (higher rate,
blanket coverage) treatment.  Leaving low,
residual densities of grasshoppers after RAATs
does not necessarily result in a subsequent
outbreak (see Environment below).


Economics
Using ATV-RAATs will reduce costs by
approximately 60 to 80% versus aerial blanket
application, depending on the agent and swath


width.  These savings are possible due to the
greatly decreased cost of ATV application for
small acreages infestations as compared to an
aerial application.  It should be noted that the
greatest economic benefits derive from
increased swath spacing since this effectively
decreases the cost for both insecticide and
application.


Environment
RAATs mean 50 to 75% less insecticide is
applied to rangelands for grasshopper control.
The untreated swaths harbor species essential
to rangeland ecosystems including biocontrol
agents of grasshoppers and weeds. Low
densities of surviving grasshoppers allow
predators and parasites in the untreated
refuges to recolonize and thereby reestablish
natural regulation of grasshopper populations.
For these reasons, RAAT programs may also
allow for higher densities of birds than blanket
applications.


Formulation, Rate, and Application
Recommendations
Only emulsifiable concentrate formulations of
carbaryl¹ (Sevin® XLR Plus), and
diflubenzuron² (Dimilin® 2L) which are
labeled for grasshopper control on rangeland
and all non-cropland areas are suitable for ATV-
RAATS.  The recommended minimum rates of
these two products for ATV-RAATs are: 1 fluid
ounce of Dimilin® 2L per treated acre and a
minimum of 16 fluid ounces of Sevin® XLR
Plus per treated acre.  To ensure good coverage
on the range vegetation and to increase efficacy,
we recommend the addition of at least 8 ounces
of oil adjuvant per treated acre.  Crop oil
concentrate by itself or a mixture of 1 part crop
oil concentrate and 7 parts corn or canola oil
work well as spray adjuvants.  In the experi-
mental plots, their inclusion has increased


control by at least 10%.  Always refer to current
labels of both of these insecticides to ensure
safe, effective control.


TeeJet® 1/4-KLC-5 FieldJet and other
boomless type nozzles have been tested on 54
small plots and on one 400-acre full-scale area
since 2001.  Any nozzle that can produce a 12
to 20-foot spray swath with relatively low
volume and fine spray so that several acres can
be treated per tank is suitable.  Many herbicide
spraying systems can be adapted for rangeland
grasshopper treatments.  More detailed
information on nozzles and calibration can be
found at: www.wygisc.uwyo.edu/grasshop-
per/ under the ATV-RAATs information link.


¹ Alkaline water used for carrier fluid should be
buffered to neutral pH to prevent chemical
degradation of carbaryl.


²Dimilin® 2L is a restricted-use pesticide avail-
able only to certified applicators.


Coverage Recommendations
Test results indicate that the percent coverage
should be approximately equal to the average
number (density) of grasshoppers/square yard
in the infestation, with a minimum of 33%
coverage.  For example, if there are 40 grass-
hoppers/square-yard and the swath is 17 feet a
swath will need to be treated every 42.5 feet
(17 feet/0.4 = 42.5 feet) to get 40% coverage.
For all but the most extreme grasshopper
infestations, 50% coverage should be the
maximum needed.


To achieve uniformly spaced and treated
swaths, use swath markers, a handheld or
mounted geographic positioning system
(GPS), compass headings, previous swath
tracks, and/or counted tire rotations on the
turns at the ends of swaths.  For this latter
method, to apply a swath every 42.5 feet, for
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A schematic of an aerial RAAT application
with 50% coverage.
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4 Experimental applications have demonstrated
that Dimilin-RAATs provide more than 90
percent mortality when ground temperatures
exceed air temperatures by as much as 15°F.
Extensive research in Australia has demonstrated
that when ground temperatures exceed air
temperatures, thermal updrafts can limit insecti-
cide deposition of aerial applications unless there
are winds of  2 to 10 miles per hour (ideally,
perpendicular to the swaths).  Oil adjuvants in
the insecticide carrier will ensure that evapora-
tion will not cause application failure.


5 Using canola or corn oil rather than crop oil as
a carrier may significantly improve the effective-
ness of RAAT applications.  Canola and corn oils
are effective attractants and feeding stimulants
for many rangeland grasshopper species.  To
emulsify the oil with water use a minimum of
one part crop oil concentrate to seven parts
canola or corn oil.


6 Small-scale trials under optimal conditions
indicate that 80 to 85% grasshopper control can
be achieved using 100-foot swaths with the
following rates and coverages: 5 fluid ounces per
acre with 33-foot untreated swaths, 6 ounces
with 50-foot untreated swaths, and 7 ounces
with 100-foot untreated swaths.  It is also
possible to use 4 ounces of canola oil combined
with 4 ounces of malathion with 100-foot
treated and untreated swaths.


Exceptions to the “Rules”
Higher rates and/or coverages may be needed if:


1. treatments are applied to late instar
nymphs (especially if using Dimilin® 2L),


2. ground temperatures exceed air tempera-
tures (especially if using malathion),


3. grasshopper densities are extreme (e.g.,
>40 per square yard),


4. forage cover is tall and/or dense, and


5. terrain is rough.


In all cases, grasshopper management software
(CARMA¹ or HOPPER²) should be used to
assess program options.  Always apply insecti-
cides in accordance with label directions and
established guidelines for buffers around
water, bees, and human habitations.


¹For more information on RAATs or to down-
load CARMA, visit: www.wygisc.uwyo.edu/
grasshopper/


²Available from the USDA-ARS Northern Plains
Agricultural Research Laboratory at:


www.sidney.ars.usda.gov/grasshopper/Support/
Hopper.htm


or contact:


Assistant Professor Alexandre Latchininsky
Association for Applied Acridology International


and
Renewable Resources - Entomology
Dept. 3354, University of Wyoming


1000 E. University Ave.
Laramie, WY 82071


Phone (307) 766-2298; Fax (307) 766-5025;
e-mail latchini@uwyo.edu


MP-952004


Funding for RAAT research has been provided
by the state of Wyoming (legislature, depart-
ment of agriculture, weed and pest districts,
University of Wyoming), U.S. Department of
Agriculture (Western Regional IPM Project,
APHIS, and CSREES), and cooperating
industries.


The information given herein is for educational
purposes only.  References to commercial products or
trade names are made with the understanding that
no discrimination is intended and no endorsement
by the Cooperative Extension Service is implied.


Persons seeking admission, employment, or access to
programs of the University of Wyoming shall be
considered without regard to race, color, national
origin, sex, age, religion, political belief, disability,
veteran status, and marital or familial status.
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What are RAATs?
RAATs are a method of integrated pest
management (IPM) for rangeland grasshop-
pers in which the rate of insecticide is reduced
from levels recommended by the label and
untreated swaths (refuges) are alternated with
treated swaths.


RAATs work through chemical control,
meaning grasshoppers are killed in treated
swaths and as they move out of untreated
swaths, and conservation biological control,
which allows predators and parasites preserved
in untreated swaths to suppress grasshoppers.
This IPM approach can reduce the cost of
control and the amount of insecticide used by
more than 50 percent.


Why use RAATs?
Economics
Inflation and the restructuring of the USDA
cost-share program have tripled the cost of
rangeland grasshopper management for
ranchers compared with the control cost during
the last major outbreak in the late 1980s.  Most
states no longer subsidize grasshopper pro-
grams; therefore, the cost of traditional control
tactics will usually exceed the benefits.  Even
though certain federal or state subsidies for


grasshopper control are becoming available in
some states, the expenses of a management
program remain largely a producer’s burden
because of high insecticide and treatment costs.


Environment
Less insecticide in the environment lowers the
risk to native plant and animal species (includ-
ing fish and wildlife), water quality, and
humans.  The untreated swaths provide a
refuge for organisms with lower mobility than
grasshoppers, and even those organisms that
move into the treated swaths will be largely
unaffected unless they feed on the foliage.
RAATs are the preferred option in the USDA-
APHIS EIS if grasshopper control is required.


What to expect from Aerial-RAATs
Efficacy
This method will normally result in 80 to 95%
control, which is approximately a 5 to 15% lower
mortality than with a conventional (higher rate,
blanket coverage) treatment.  Leaving low,
residual densities of grasshoppers after RAATs
does not necessarily result in a subsequent
outbreak (see Environment below).


Economics
Using RAATs will greatly reduce the cost of
control programs, depending on the agent and


swath width.  In some cases, costs are reduced
by two-thirds.  It should be noted that the
greatest economic benefits derive from increased
swath spacing since this effectively decreases
both the cost of insecticide and application.


Environment
RAATs mean 50 to 75% less insecticide is
applied to our rangelands for grasshopper
control.  The untreated swaths harbor species
essential to rangeland ecosystems including
biocontrol agents of grasshoppers and weeds.
Low densities of surviving grasshoppers allow
predators and parasites in the untreated
refuges to recolonize and thereby reestablish
natural regulation of grasshopper populations.
For these reasons, RAAT programs may also
allow for higher densities of birds than blanket
applications.


How to use RAATs
Research conducted from 1995 to 2003 by
University of Wyoming and USDA scientists, in
cooperation with state departments of agricul-
ture and weed and pest districts, has involved
260 experimental plots of 40 acres each and 19
operational trials on 640-acre areas at densities
of 7 to 70 grasshoppers per square yard.
Successful operational RAAT programs have
been conducted in 10 western states.  The
following tactics most often optimize economic
returns and are recommended by the National
Grasshopper Management Board:


tional approach of using 16 fluid ounces
per acre in a blanket coverage).


2. Apply4 diflubenzuron (Dimilin® 2L) at a
rate of 0.75 fluid ounce (=5.3 grams of
active ingredient) per acre with 8 fluid
ounces of water and 4 fluid ounces of oil
adjuvant in 100-foot swaths3, alternating
with 100-foot untreated swaths, OR apply
at a rate of 1 ounce per acre with 16
ounces of water and 8 ounces of canola or
corn oil5 in 100-foot swaths3, alternating
with 200-foot untreated swaths (compared
with the conventional approach of using 1
fluid ounce per acre in a blanket coverage).


3. Apply malathion (Fyfanon® ULV) at a
rate of 4 fluid ounces (=138 grams of
active ingredient) per acre in 100-foot
swaths3, alternating with 25-foot un-
treated swaths6 (compared with the
conventional approach of using 8 fluid
ounces per acre in a blanket coverage).


1. Apply carbaryl (Sevin® XLR Plus) at a
rate of 8 fluid ounces (=113 grams of
active ingredient) per acre with an equal
volume of water1,2 at pH#7 in 100-foot
swaths3, alternating with 100-foot un-
treated swaths (compared with the conven-


1 This low volume (16 fluid oz. total) method has
been adopted on the product label for RAATs.


2 Increasing the volume of water above the 1:1
ratio with carbaryl will not improve and may
reduce efficacy and washoff resistance.  Alkaline
water should be buffered to neutral to prevent
chemical degradation of carbaryl.


3 Wider treated swaths (>100 foot) may be used
depending on the spraying equipment.  While it
may be possible to proportionately expand
untreated swaths, this approach has not been
tested.  Therefore, the most prudent tactic at
this time would be to maintain the fixed widths
of the recommended untreated swaths, which
should never exceed 200 feet in any case.
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Identification (and life cycle/seasonal history)


There are many different species of grasshoppers, with some having a greater pest potential than others. Correctly identifying a species is important because (1)
species vary in their biotic potential and in their capacity for causing damage; (2) depending on their food habits, species may be either pests or beneficial; (3) certain
species of pest grasshoppers are highly migratory and often pose a serious threat to distant crops; (4) species vary in their seasonal cycle (period of hatching,
development, and reproduction), which, in turn, affects the timing of control treatments; (5) because current chemical and biological methods of controlling
grasshoppers are more sophisticated, their effective use requires greater knowledge of the pests' life histories and habits; and (6) as environmental impacts of control
are more finely evaluated, identification of species is important in the selection of management strategies. Common crop-damaging species include: differential
grasshopper, Melanoplus differentialis; migratory grasshopper, Melanoplus sanguinipes; twostriped grasshopper, Melanoplus bivitattus; redlegged grasshopper,
Melanoplus femurrubrum; and clearwinged grasshopper, Camnula pellucida. These prefer areas with a mix of grasses and broadleaf weeds. This includes wheat with
adjacent or nearby undisturbed areas such as roadside ditches, crop borders, abandoned cropland, and over-grazed pastures or rangeland. Well-managed rangeland or
pasture is usually not a source.


Most grasshoppers overwinter as eggs enclosed in a pod laid in the top few inches of undisturbed soil. These elongate pods may contain from 8 to 30 eggs, and
females may produce up to 100 eggs during the season. Grasshoppers hatch earlier in a warm spring, with the two-striped grasshopper being the earliest. It hatches
from mid to late May, while the other species will from one to three weeks later. Hatching will continue well into June. Nymphs start feeding immediately and have
the same host range as adults. Nymphs will mature into winged adults in five to six weeks. Adults can start dispersing from nymphal feeding areas by late June and
early July. Few nymphs will be present by August. Grasshoppers feed during the day and rest during the afternoon and night on vegetation.


The following website provides a comprehensive source of information on grasshopper biology, ecology, identification and management of grasshoppers and crickets
in North America:[2] (http://www.sidney.ars.usda.gov/grasshopper/)


Plant Response and Damage


Grasshoppers are defoliators and damage wheat during two periods. First, wheat establishment can be impacted when grasshoppers move into the emerging crop in
the fall. Also, grasshoppers can move into wheat in late spring when wheat is headed and cause serious damage.
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Early-seeded winter wheat has the greatest probability of emerging while adults are still active. Light frosts may increase feeding by killing nearby broadleaf hosts,
such as sunflower, and causing the grasshoppers to move into wheat. Newly emerged winter wheat can be damaged to the point of stand loss.


Grasshoppers can move into and defoliate wheat in spring and early summer, as well. The most serious damage occurs when they enter the maturing crop and the
only available green tissue is the stem just below the head. Feeding at this time results in severed stems and complete loss of the heads.


Monitoring


Survey for nymphs after hatching because the problem starts outside the crop. A sweep net can be used to collect local grasshoppers to determine their age for
treatment timing and to verify that they belong to one of the crop-damaging species.


If a crop damaging species is present, the grasshoppers need to be counted in order the determine the need for treatment, which is done by the square foot method.
Imagine an area of one square foot area several feet in front of you and count the grasshoppers in or jumping out of this area. When first learning this method, it may
be helpful to use a square foot frame to help estimate the sample area. Make 18 separate counts at randomly selected sites that are 50-75 ft. apart. Try to include all
the plant species present and try to make counts on both north- and south-facing slopes.


Management Approaches


Cultural Methods


Make abandoned or weedy areas less attractive to cropland grasshoppers by planting dense grass stands and reducing broadleaf plants. Delayed seeding of winter
wheat where grasshoppers are a concern can reduce the potential for damage, but may not be effective if the first heavy frost occurs later in the fall. Doubling the
seeding rate on the first and second passes with the drill may allow some plant survival in the field borders.


Chemical Control


Once the number of grasshoppers per square yard has been estimated, use the tables below to determine if treatment is necessary. This is a general table for use in
most field crops. Since adults rapidly consume a great deal of leaf material and the wheat plant has very little leaf area at this time, light to moderate infestations in
the field and borders can result in stand loss in field margins.


Carbaryl-based bran baits can be applied in the crop pre- or post-emergence, or in adjacent areas with short, dry vegetation. The bait must be applied uniformly and
reapplication may be necessary after rain or heavy dew.


Foliar insecticides applied to the crop margins and surrounding border areas to control nymphs will, in most years, provide adequate control. Treating 150 feet beyond
the crop edge should be usually sufficient. Timing of fall border treatments is critical for optimum grasshopper control. The best time to spray the borders is just
before the wheat emerges. If an application is made too early, there will be no residual insecticide activity in the borders when the wheat emerges, and grasshopper
populations may build back up too quickly. If it is applied too late, some of the earliest emerging wheat may already be damaged. Treating a 150 foot border should
be adequate under most conditions, however, season-long control when grasshoppers are abundant may require as much as a 1/4 mile border treatment. Retreatment
may be necessary, so monitor border areas and crop margins to insure that adults are not reentering the field.


Using insecticide-treated seed in the field margins can help control moderate grasshopper infestations in emerging wheat. Some damage still will occur, the rate of
feeding will be reduced noticeably. Do not expect complete control if grasshoppers are abundant.


Table 1. Spring treatment guidelines for immature and adult grasshoppers in winter wheat (modified from University of Minnesota information).


Immatures/yd2 Adults/yd2


Rating Margin Field Treat? Margin Field Treat?
Nonthreatening <25 <15 No <10 <3 No
Light 25-35 15-25 No 10-20 3-7 Yes, if there is potential for head clipping


Threatening 50-75 30-45 Depends on prices, crop
condition 21-40 8-14 Yes, if there is potential for head clipping


Severe >100 >60 Yes, monitor for retreatment >41 >15 Yes, consider wider border treatments and monitor for
retreatment


Table 2. Fall treatment guidelines for adult grasshoppers in winter wheat (modified from University of Minnesota information).


Adults/yd2


Rating Margin Field Treat?
Nonthreatening <10 <3 No
Light 10-20 3-7 Yes
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Threatening 21-40 8-14 Yes, consider wider border treatments
Severe >41 >15 Yes, use wider border treatments and monitor for retreatment


Product List for Grasshoppers:


Insecticide Product Per Acre (Fl oz.
or oz. product) Preharvest interval, remarks


Baythroid
XLR,1 1.8 - 2.4


30 days to grain. 3 days graze. 12 hour REI. Do not apply more than 0.076 lb a.i. (4.8 oz) per
season. W,B,R,T3


chlorpyrifos
4ER,1,2 8 - 16 28 days. 14 days graze. 24 hour REI. Not more than 2 applications per season. W3


CobaltR,1,2 7 - 13 28 days. 14 days graze. 24 hour REI. Not more than 2 applications per season. W3


dimethoate1,2 See labels 35 days grain. 14 days graze. 48 hour REI. Not more than two applications per season. W3


gamma
cyhalothrinR,1,2 See labels.


30 days. 24 hour REI. Not more than 0.06 lb ai/A/season. Best control before


insects roll leaves. After boot stage, suppression only. W,T3


lambda
cyhalothrinR,1,2 See labels.


30 days. 24 hour REI. Not more than 0.06 lb ai/A/season. Best control before


insects roll leaves. After boot stage, suppression only. W,T3


Mustang Max
R,1 3.2 - 4.0 14 days. See label. W,T3


StallionR,1 5.0 - 11.75
14 days forage and hay, 28 days grain and straw. 24 hr REI. Extremely Hazardous to Bees! No
more than 11.75 oz per application, 23.5 oz per season. W3


RRestricted use pesticide 1Labeled for chemigation 2Generic active ingredient, several formulations. 3Labeled on W (wheat), B (barley), O (oats), R
(rye), T (triticale).


The information herein is supplied with the understanding that no discrimination is intended and that listing of commercial products, necessary to this guide, implies no endorsement by the authors or
the Extension Services of Nebraska, Colorado, Wyoming or Montana. Criticism of products or equipment not listed is neither implied nor intended. Due to constantly changing labels, laws and
regulations, the Extension Services can assume no liability for the suggested use of chemicals contained herein. Pesticides must be applied legally complying with all label directions and precautions
on the pesticide container and any supplemental labeling and rules of state and federal pesticide regulatory agencies. State rules and regulations and special pesticide use allowances may vary from
state to state: contact your State Department of Agriculture for the rules, regulations and allowances applicable in your state and locality.
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CROPS
Grasshoppers in Field Crops	 no. 5.535


Quick Facts...


Grasshoppers often appear first 
in weedy areas of roadsides, 
fence rows, irrigation ditches and 
other noncrop areas.


After these food plants are gone, 
the insects leave in search of 
other food, often an irrigated 
crop or newly emerged winter 
wheat.


Control grasshoppers in the 
weedy areas with low rates of 
insecticides. Once they reach 
field margins, they may be larger 
and require higher rates of 
insecticides for control.


Two options are available 
to farmers once it has been 
determined that crops are 
threatened: poison baits, and 
foliar or soil insecticides.


by F.B. Peairs 1


Grasshoppers are one of the most important insect pests in Colorado.  
They follow a roughly 22-year cycle in Colorado. The last major outbreak was 
in the late 1970s and early 1980s. Some problems occur even in years of low 
numbers. Although they are most important on rangeland, they also attack field 
crops, often with economic losses to the farmer.  An exception is sorghum, which 
usually is not fed upon once it has reached about 10 inches in height.


Grasshoppers lay eggs in undisturbed areas, usually in late summer and 
early fall. Small nymphs or “hoppers” hatch the following spring. Winged adults  
appear five to six weeks after hatch. Eggs of a few Colorado species hatch in late 
summer and pass the winter as nymphs. Winged adults of these species usually 
appear early in the following summer, often causing undue alarm about unusually 
early grasshopper activity. Some of these early-season species are important on 
rangeland, but none are considered a threat to field crops. Most field crop damage 
is caused by the differential, redlegged, two-striped and migratory grasshoppers, 
all species that follow the typical grasshopper life cycle.


Control of Grasshoppers
The usual pattern of grasshopper damage in field crops is for early 


development to occur in weedy areas of roadsides, fence rows, irrigation 
ditches and other noncrop areas.  As these food plants are eaten or dry down, 
the grasshoppers leave in search of other food, often an irrigated crop or newly-
emerged winter wheat.  Here they first feed in the field margins and then, 
conditions permitting, spread throughout the field.


Grasshoppers become more difficult and expensive to control as this 
pattern develops.  Grasshoppers in the weedy areas are concentrated in a small 
area.  They can therefore be controlled with low rates of insecticides applied to a 
relatively few acres.  Once they reach the field margins, they may be larger and 
require higher insecticide rates for good control, although the acreages involved 
will still be small.  After they spread throughout a field, high insecticide rates 
applied to larger acreages are required to protect the crop.


Table 1 gives information useful in deciding if a grasshopper population 
is enough of a threat to a crop to justify spending money on an insecticide 
treatment. Modify these general guidelines according to grasshopper species, 
crop conditions, and crop value. For example, use lower counts for a valuable 
crop such as pinto beans and higher counts for a lower value crop such as dryland 
winter wheat. Walk through the field and count the grasshoppers that jump or 
move within a square foot area. Multiply that number by nine to get a count 
per square yard. Take at least 20 counts per field. Consider treatments when the 
average count reaches the threatening level.


Two options are available to farmers once it has been decided that crops 
are threatened: poison baits and foliar or soil insecticides.







Poison Baits
The main advantage to poison baits is that they can be applied to crops 


or weedy areas in which the plants are too small for good insecticide spray 
coverage, such as newly-cut alfalfa or weeds that have dried or been eaten down.  
Under other conditions, insecticide sprays are cheaper and more effective.


Sevin insecticide-impregnated bran bait is available as a 2 or 5 percent 
formulation. This method can provide good control when applied just before 
winter wheat emergence, when crop plants are only a few inches tall, or in areas 
with short, dry vegetation. The keys to success are uniform distribution of bait 
and reapplication if the bait is no longer attractive to grasshoppers. Attractiveness 
of the bait is reduced substantially by moisture (rain or heavy dew).


Nosema locustae, a disease organism that attacks many grasshopper 
species, is also available in bait form.  This disease can reduce grasshopper 
populations over a period of several years, but Nosema baits will not protect a 
crop during the same growing season in which it is applied. Nosema baits may be 
effective when applied early in the season against small nymphs, but there are no 
data showing their effectiveness in protecting field crops.


Foliar Insecticides
Foliar insecticides are the treatment of choice in most situations.  The 


High Plains Integrated Pest Management Guide lists the insecticides currently 
approved for control of grasshoppers on Colorado field crops and noncrop areas 
that serve as infestation sources. This guide is available at www.highplainsipm.
org. These registrations are subject to change, so check the current label. Be sure 
to follow all label instructions and precautions.


Winter Wheat
Grasshoppers pose a significant threat to emerging winter wheat 


because the plants are small and the grasshoppers are adults. Light to moderate 
infestations, as defined in Table 1, can cause stand reductions in field margins. 
Treatments can be limited to field borders. 


Options for controlling low to moderate infestations include foliar 
insecticides applied just prior to crop emergence or granular or liquid systemic 
insecticides applied in the seed furrow at planting. In-furrow treatments must 
be applied with appropriate equipment to ensure uniform coverage and to avoid 
phytotoxicity. Be sure to read, understand and follow all label instructions. If 
grasshopper infestations are high, consider doubling the seeding rate for the outer 
one or two passes.


Table 1: Treatment guidelines based on number of grasshoppers (nymphs and adults) per 
square yard.
Grasshopper		  Field
Population	 Field	 Margin 	 Treatment necessary?


Non-economic	 0-2	 5-10	 No


Light	 3-7	 11-20	 Questionable, depends on size, 
			   species, type of crop


Moderate	 8-14	 20-40	 Probably


Abundant	 15+	 41+	 Yes


1Colorado State University Extension 
entomologist and professor, bioagricultural 
sciences and pest management. 


Colorado State University, U.S. Department of Agriculture, and Colorado counties cooperating. 
Extension programs are available to all without discrimination. No endorsement of products 
mentioned is intended nor is criticism implied of products not mentioned. 


The following websites provide a large 
amount of information on the biology, 
identification and management of 
grasshoppers in the West.


www.sdvc.uwyo.edu/grasshopper/
ghwywfrm.htm


www.sidney.ars.usda.gov/grasshopper/
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II.12  Bait Acceptance by Different Grasshopper Species and Instars


Jerome A. Onsager, R. Nelson Foster, and Larry Jech


The Grasshopper Integrated Pest Management (GHIPM)
Project provided unique resources and opportunities that
allowed investigators to gather a large amount of data on
the responses of rangeland grasshoppers to carbaryl bait.
A total of 39 different species were recorded in 24 differ-
ent control experiments at 14 different sites in the west-
ern parts of North Dakota and South Dakota.  All species
were not present in sufficient numbers to provide useful
information, but the data base allowed GHIPM-funded
investigators to study many questions that could not have
been examined without it.


Data Collection


The monitoring procedure was to establish from 4 to 10
monitoring sites, each consisting of 40 0.1-m2 rings
spaced about 5 m apart in circles, both in plots that were
scheduled for treatment and in adjacent plots that
remained untreated.  Density counts and sweep-net
collections were made as close as possible (usually
24 hours) before scheduled treatments, and again as close
as possible to 48 hours after treatment.  The information
from all sample sites per plot for each sampling date was
then combined for further study.


Each sweep sample was examined to determine the spe-
cies and stage of development for every grasshopper in
the sample.  Each total density count was then converted
to density per instar per species by multiplying observed
total density times the appropriate proportions of compo-
sition within the sweep samples.  The procedure is identi-
cal to that described in chapter II.2, “Evaluation of
Rangeland Grasshopper Controls,” except that density
was estimated for each instar of a species as well as for
all individuals of a species.


Computer tabulations of different species recorded in dif-
ferent experiments revealed a potential for 253 indepen-
dent determinations of species-specific response to
carbaryl bait.  Pretreatment and posttreatment data for
each species in each experiment were then examined to
assess which of the possible  determinations would be
meaningful.  A total of 101 potential data sets were
declared useless, leaving 152 legitimate determinations.


Reasons for rejecting some data sets included initial pres-
ence in such low density that subsequent reduction would


not be measurable (in most cases, at least five specimens
in pretreatment samples were required), absence of speci-
mens at untreated sample sites (which prohibited estima-
tion of mortality in the absence of treatment), and higher
estimated mortality in untreated plots than in treated plots
(a common artifact of sampling error among low-density
samples).


The 152 data sets accepted as legitimate provided oppor-
tunities to study a variety of questions about response to
carbaryl bait.  The simplest assessment concerned the
average percent control among all individuals of a spe-
cies.  This average percent control was calculated with a
variation of the formula by Connin and Kuitert (1952):


Percent control = 100(1 – (Ta 3 Ub 4 Tb 4 Ua)), where
Tb is density in treated plots before treatment,
Ta is density in treated plots after treatment,
Ub is density in untreated plots before treatment, and
Ua is density in untreated plots after treatment.


The formula does not yield “simple” or “raw” control
data—that is, the percentage of the total infestation that
“disappeared” in treated plots.  Rather, it yields
“adjusted” control data: the percentage of the total infes-
tation that most likely was killed by carbaryl bait.


The formula is useful for two major reasons.  First, grass-
hopper infestations suffer some mortality each day due to
natural causes, so the formula “removes” that natural
mortality from consideration.  The formula essentially
uses data from untreated sites to estimate what the post-
treatment counts at treated sites would have been in the
absence of treatment.  Percent control then represents the
difference (if any) between expected and observed post-
treatment density in treated plots.  Second, without the
formula, the percent control that is estimated will be
grossly different, depending on how much time elapses
between pretreatment and posttreatment counts.  These
problems can be illustrated with an example.


Let us assume that an infestation of 30 grasshoppers/yd2


comprises 6 Aeropedellus clavatus, 15 Melanoplus
sanguinipes, and 9 Amphitornus coloradus.  We decide to
treat half and leave half, and we sample both halves on
the day before treatment (day –1), and on days 2, 3, 4,
and 5 after treatment.  Table II.12–1 shows typical den-
sity data.
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Looking only at the raw density for “All species” in only
the treated plot, a reader might believe that this bait treat-
ment achieved about 54- to 62-percent average control of
the infestation.  The fallacy is that if a similar strategy is
applied to data from untreated plots, a reader could esti-
mate 16- to 29-percent control where nothing was done.
Use of the formula yields more conservative and more
realistic estimates of about 44- to 46-percent adjusted
control of “All species.”


Raw estimates for individual species can also be very
misleading.  For example, A. clavatus usually is the first
species that hatches in the spring.  By the time of typical
bait treatments to control later-hatching major pest spe-
cies, A. clavatus often is present as very old adults that
suffer very high daily mortalities likely associated
with the process of aging.  Raw estimates indicate
51- to 70-percent population reduction, but adjusted
estimates reveal only 20-percent control due to the bait,
meaning the raw estimates placed control at 2.5 to 3.5
times higher than it actually was.


Notice in the example that discrepancies between raw
and adjusted mortalities for A. coloradus are even greater
than they were for A. clavatus.  This is because adjusted
response to treatment (2-percent control) was less than
the daily loss due to natural mortality (5 percent per day).
In such a case, raw estimates yield greatly distorted
results.  As one might then expect, raw estimates are
closest to adjusted estimates in cases like the M.
sanguinipes example, where natural mortality was rela-
tively low (3 percent per day) and adjusted control was
relatively high (75 percent).  Nevertheless, it should be


Table II.12–1—A representative example of typical grasshopper density data in untreated plots versus plots
that were treated (on day zero) with carbaryl bait


Time A. clavatus M. sanguinipes A. coloradus All species
(days after Untreated Treated Untreated Treated Untreated Treated Untreated Treated
treatment) plot plot plot plot plot plot plot plot


–1 6 6 15 15 9 9 30 30
+2 3.68 2.95 13.69 3.42 7.71 7.56 25.08 13.93
+3 3.13 2.51 13.28 3.32 7.33 7.18 23.74 13.01
+4 2.66 2.13 12.88 3.22 6.96 6.82 22.5 12.17
+5 2.26 1.81 12.49 3.12 6.61 6.48 21.36 11.41


noted that all raw estimates for M. sanguinipes still were
too high, and the degree of error increased as the amount
of time between pretreatment and posttreatment samples
was increased.  Similar errors are guaranteed to occur in
real life (in field experiments or commercial control
projects) if natural mortality is ignored.


Relative Susceptibility of Different Species


The results of GHIPM experiments were combined with
a number of previous studies by the authors and others
(see Swain [1986] and Quinn et al. [1989]) to produce
table II.12–2.  It divides grasshoppers into three broad
classes of susceptibility.  The “sensitive” class contains
species that readily seek out and eat wheat bran bait
and therefore usually suffer a high degree
(average = 56–87 percent) of adjusted (true) mortality.
The “vulnerable” class contains species that usually
either suffer only a moderate degree (30–55 percent) of
adjusted mortality or else exhibit such great variation
among different tests that one cannot safely depend on
more than moderate results.  The “nonsusceptible” class
(less than 30-percent adjusted mortality) contains species
that eat little or no bait and therefore usually are not
markedly affected by bait.


Most of the experiments that contributed to table II.12–2
were applied when the majority of target pest grasshop-
per species were in third, fourth, or fifth instars.  A few
very early species like A. clavatus and M. confusus typi-
cally were treated as adults or fifth instars, while some
relatively late species like P. nebrascensis and P.
quadrimaculatum were occasionally treated as first or
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Table II.12–2—Classification of grasshopper species according to susceptibility to carbaryl wheat bran bait


Class and expected levels Species
of control


Sensitive (>55-% control) Ageneotettix deorum
Anabrus simplex


Control is expected to average Aulocara elliotti
about 70%.  Worst-case and Camnula pellucida
best-case scenarios will be Hadrotettix trifasciatus
about 55% and 85%, respectively. *Melanoplus bivittatus


Melanoplus confusus
Melanoplus dawsoni
Melanoplus foedus
*Melanoplus infantilis
*Melanoplus occidentalis
*Melanoplus packardii
Melanoplus sanguinipes
Spharagemon equale
Stenobothrus brunneus
*Mermiria bivittata


Vulnerable (30- to 55-% control) *Aulocara femoratum
Eritettix simplex


Control is expected to average Melanoplus femurrubrum
about 42%.  Worst-case and Oedaloenotus enigma
best-case scenarios will be Opeia obscura
about 12% and 72%, respectively. Phoetaliotes nebrascensis


Psoloessa delicatula


Nonsusceptible (<30-% control) Aeropedellus clavatus
Amphitornus coloradus


Control is expected to average Cordillacris crenulata
about 15%.  Worst-case and Cordallacris occipitalis
best-case scenarios will be Hesperotettix viridis
about 0% and 30%, respectively. Metator pardalinus


*Phlibostroma quadrimaculatum
Trachyrhachys kiowa


*These species are not likely to suffer best-case scenario levels of control.
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second instars where they were incidental rather than
primary target species.


Relative Susceptibility of Different
Developmental Stages


Some of the GHIPM experiments provided data that
allowed the comparison of the relative susceptibility of
different instars of a species to bait.  In general, the
requirements for a meaningful test were the presence of
at least four or more different stages in reasonable num-
bers (usually at least five individuals per instar in pre-
treatment sweep samples) in two or more different
experiments.  In those cases, the authors calculated
adjusted percent control for each instar and used analyses
of covariance, with instar as the covariant, to test suscep-
tibility by instar.  When covariance was significant (when
percent control was affected by instar), the slope of the
relationship indicated whether larger or smaller instars
were most susceptible.


A total of eight species were tested, six of which were
considered in table II.12–2 to be sensitive.  Younger
instars of three species, A. deorum, M. packardii, and M.
sanguinipes, were found to be significantly more suscep-
tible to bait than older instars.  Susceptibility was not
affected by instar in the cases of A. elliotti, C. pellucida,
M. infantilis, P. nebrascensis, or T. kiowa.


Relative Susceptibility of Different-
Aged Populations


Some of the GHIPM experiments provided data that
allowed the researchers to examine the effect of age on
susceptibility of populations to bait.  Age was expressed
as average instar, which is calculated as the sum of each
instar number multiplied by the number of grasshoppers
in the instar (adults are considered instar 6 for this proce-
dure) divided by the total number of grasshoppers
present.  The requirements for a meaningful test were sig-
nificant adjusted control observed in three or more
experiments (incidences of zero control were excluded
from these calculations).  The relationship between aver-
age instar and percent adjusted mortality was examined
by linear regression techniques.


A total of 17 species was tested, 10 of which were con-
sidered in table II.12–2 to be sensitive or vulnerable.  For
three of those species, A. elliotti, A. deorum, and M.
sanguinipes, percent adjusted control increased signifi-
cantly with average instar.


Summary and Recommendations


Grasshopper species vary considerably in their inclina-
tion to feed on wheat bran and in their susceptibility to
carbaryl-treated bait.  In addition, levels of control that
follow bait treatments are considerably lower and much
less predictable than control achieved with liquid sprays.
The GHIPM Project greatly increased the knowledge
base for both acknowledged pest grasshopper species (the
primary target species) and for incidental (nontarget) spe-
cies.  Project researchers now feel that they can offer
some general guidelines, based on species susceptibility
(table II.12–2), for the appropriate use of carbaryl bait.


Individuals should not attempt to control nonsusceptible
pest species with bait.  If such species comprise a signifi-
cant proportion of an infestation, a conservative manager
should simply assume that bait will give no control of
that proportion.  Vulnerable species may or may not be
markedly controlled by baits, but what regulates that
degree of success remains unknown, and at this time
those results cannot be predicted.  Past situations have
documented dramatic reductions in vulnerable species
from the use of bait, as well as cases of almost total fail-
ure.  In the future, managers should not use bait against
vulnerable species without seriously weighing the conse-
quences of failure.  Control of the sensitive species with
bait is generally reliable.


Questions about optimum timing for bait treatments
remain somewhat perplexing, but it fortunately appears
that timing is not of extreme importance, perhaps because
of compensatory factors.  Some tests support early treat-
ments in that, at least for some species, younger instars
were more susceptible than older instars.  This is logical
because smaller grasshoppers are killed by smaller doses
of toxicant.  Another advantage of early bait treatment is
that natural control agents have more time to act upon
surviving grasshoppers.
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Other tests, however, support late treatments in that total
percent control was greater for older populations than for
younger populations.  While these results may seem con-
trary, they also can be considered strong evidence that
something like changes in behavioral traits (perhaps
searching capabilities) or habitat characteristics (perhaps
cover, litter, or bare ground) make baits more accessible
as the season progresses.  If such compensating factors
exist, the mechanisms cannot be accurately described at
the present time.  Fortunately, however, for most species
(14 of 17 tested), adjusted percent control was not mark-
edly affected by population age.  It therefore appears that
timing of bait treatments is not of extreme importance as
long as it occurs when most of the primary target grass-
hoppers are in third, fourth, or fifth instars.
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