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This Annual Report is an overview document that highlights the many diverse activities at the Fort Collins Plant Protection & 
Quarantine (PPQ), Center for Plant Health Science & Technology (CPHST) Laboratory; please view it as an attempt to pro-
vide a “snapshot” of our high visibility work. Our mission is to develop and transfer scientifically-based methods, innovative 
tools, and state-of-the-art technologies to PPQ and other federal and state agencies to reduce risk levels associated with 
potential, new, and established problem species. In 2010 the laboratory staff made advancements in weed and insect man-
agement, invasive plant ecology, geospatial and identification technology, and pest detection and survey, as follows: 
 

DIGITAL IDENTIFICATION TECHNOLOGY. The Identification Technology Program (ITP) team had a record 34 identifica-
tion products in development in 2010 and delivered six identification tools as well as the first beta version of ID Source.  
These activities moved the team in new directions, including broadening its end-user base (especially to include novices), 
diversifying its product line to include commodity-based tools and portal-driven resources, and significantly improving the 
look and feel of ITP products.  Another effort led to leveraging results from human-computer interaction studies to enhance 
product usability.  Beyond our lab, ITP promoted identification tool development and fostered collaboration by sharing its 
expertise and supporting graduate students, both domestically and internationally. 
 

WEED MANAGEMENT. Scientists discovered that the Canada thistle rust mite and the distinct lace bug occur on many na-
tive Cirsium spp. Initial rearing of two biocontol insects, Jaapiella ivannikovi (on Russian knapweed) and Mecinus janthinus  
(on yellow toadflax) has been initiated at FCL. PPQ funded CABI Bioscience to conduct pre-release research on nine weed 
targets and funding was also provided to Colorado State U. to initiate rearing of Mecinus janthinus.   
 

In 2010, CABI Bioscience surveyed for potential biocontrol pathogens in Canada thistle’s native range. Pathogens were col-
lected, and a number of leaf-attacking fungal pathogens have been identified. An unreported race of Albugo candida, a white 
rust pathogen, was identified through perennial pepperweed surveys. Host specificity and efficacy studies with this and an-
other unreported race from California were conducted to determine their host range and potential use for biocontrol. 
 

Chemical weed control studies in 2010 included testing the use of selective herbicides, commercial adjuvants, and alterna-
tive spraying systems. Replicated field studies have been conducted on benghal dayflower (FL), cogongrass (FL, AL), com-
mon tansy (SD), leafy spurge (CO), onionweed (AZ), giant hogweed (ME) and yellow toadflax (SD).  

 

 

WASTE DISPOSAL AND DISINFECTION. Studies testing more efficient techniques for waste disposal and chemical decon-
tamination at points of entry started in 2010; these revealed that chlorine dioxide is an excellent choice for disinfection on 
plant foliage and may be effective against Phytophthora ramorum on nursery equipment and in greenhouses. 
 

REARING AND DIET DEVELOPMENT. A joint project with California Department of Food and Agriculture is focused on 
rearing parasitoids alone or in combination with sterile insect releases for LBAM control.  Another rearing system also pro-
gressed, that for Cyphocleonus achetes, a biocontrol weevil of knapweeds. Finally, a system to identify with greater sensitiv-
ity lab-reared pink bollworm adults also saw promising results. 
 

PLANT MOLECULAR BIOLOGY PROGRAM. We are developing and applying molecular diagnostic technology to provide 
essential information about plants for regulatory purposes. Our work provides an accurate, cost-effective and reliable means 
to identify prohibited plants and plant material and can help support a number of strategic goals and objectives, such as fa-
cilitating early detection and surveillance in the field, verifying the pathway and origin of prohibited plant material, and estab-
lishing the identity of an ambiguous plant taxon.  
 

INVASIVE PLANT ECOLOGY PROGRAM. This program filled key gaps in knowledge about invasive plants for regulatory 
and control purposes, providing up-to-date, cost effective, and scientifically sound methodologies to evaluate exotic plants 
through experimentally-based weed risk assessments.  
 

GEOSPATIAL TECHNOLOGY.  In previous years, the geospatial team provided models to enhance trapping for Asian 
Gypsy Moth (AGM). Last year the effort expanded from Oregon and Washington to include California.  In 2011 & 2012, the 
project may further expand to support AGM trapping programs in Texas and Louisiana. Additionally, the geospatial team 
supported the analysis of Asian Citrus Psyllid (ACP) populations in Texas, and invasive weed monitoring using GPS technol-
ogy. Also, the team compared and reviewed pest introduction models for Light Brown Apple Moth (LBAM) and are currently 
involved with two projects supporting the grasshopper management program across the West. 
 

PEST DETECTION AND SURVEY. An update is provided on commodity-based reference manuals and survey guidelines 
for use by the Cooperative Agricultural Pest Survey (CAPS) program. 
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The CPHST Phoenix Laboratory mission is to develop, adapt, and implement area wide control technologies for new and 
existing program pests. This Annual Report affords a brief overview of the various activities conducted to accomplish this 
mission.  In 2010 our laboratory staff made significant progress in biological and chemical control of pink bollworm, grass-
hoppers, and Mormon crickets, as follows: 
 

PINK BOLLWORM. Mating disruption of pink bollworm progressed in 2010. Results of an application test using a helicopter 
to apply PB-GEL (and a new formulation of carrier) late season as a follow-up to PB-Rope L in highly infested areas was 
successful. A genetic modification to mass reared PBW adults (with PCR backup) appears to be a very reliable means of 
separating wild-type moths from the genetically modified OX1138BB moths; the probability of at least one of the markers 
(fluorescence or Calico dye) remaining visible is 99.95%, and PCR analysis can give accurate identification when needed. In 
2010 we also confirmed that the new genetically modified bollworm strain OX3402C is dependent on dietary chlortetracycline 
and the APHIS strain is not. Oxivir Five 16 (a potential substitute for formalin) showed potential in small-scale tests, but has 
yet to see success on a larger scale. We confirmed that okra was an alternate host for pink bollworm, and a kytoon was the 
most promising, simple, and effective means to release sterile moths on “hotspot” fields. Finally, after indications that APHIS 
mass-reared female moths were more successful at attracting male moths than were the females of the OX1138BB strain, a 
follow-up study showed no significant differences in the number of males attracted by the 2 strains of moth, nor was there a 
difference in the length of time the females continued to attract males. 
 

GRASSHOPPER / MORMON CRICKET.  Research was conducted to compare the control efficacy and cost of β-cyfluthrin. 
In 2009 there was no difference between β-cyfluthrin and malathion in control at 2 and 7 days post application. However, the 
β-cyfluthrin cost was 6.7 times that of malathion. 2010 studies looked into reducing the amount of active ingredient. The β-
cyfluthrin dose can be lowered by half with little loss of efficacy, however it is still not economically worthwhile. 
 

Camnula pellucida is a severe pest on rangeland grasses, small grains and alfalfa. A trial with C. pellucida was conducted to 
evaluate the acceptability and toxicity of some potential substitutes for carbaryl; Rynaxypyr®, indoxacarb, metaflumazone, 
Bifenthrin, and Permethrin. Our tests in show metaflumizone, Bifenthrin, indoxacarb, and Rynaxypyr® hold promise. 
 

Today, current APHIS-PPQ aircraft recommendations call for an 80° flat fan nozzle tip to be used while treating to control 
rangeland grasshopper and Mormon cricket. Many private applicators would like to use other tips. We compared the stan-
dard 80° (the tip required by PPQ contracts) to a 40° tip. The standard 80° tip and the 40° produced the equivalent mortali-
ties following treatment.. However, burrs on the 40° stainless steel flat fan tips used during our test probably produced more 
fine droplets than expected.  
 

Coragen is an anthranilic diamide, a class of insecticides that provides control through a novel target, the ryanodine receptor. 
We compared Coragen with our current options; the dose of Coragen evaluated was fast acting but insufficient to yield mor-
talities that could compete with existing treatments. Slightly higher doses could provide the needed level of control. 
 

A study was conducted to standardize mixes, reduce diluents, and prevent clean-up problems seen in the experimental treat-
ment mixes used in aerial sprays with Dimilin. The results of this study indicate that when compared to some of the previous 
treatments that relied on various types of oils (paraffinic and vegetable), emulsifiers and a touted attractant (canola oil), sim-
pler and more standardized diflubenzuron treatments that produce excellent control may be attained using EDT Concentrate. 
 

Scientists redesigned a standard ATV mounted rangeland ground spray application system to produce more efficient low 
volume and ultra-low volume (ULV) sprays. Commercially available timers and solenoids were added to reduce existing flow 
rates and to provide future capability for ULV rates similar to those used in aerial applications. This major advancement 
saves ferrying, mixing and loading time as well as diluting materials and can be easily adapted to any spray system, greatly 
broadening the scope of impact on ULV ground applications. 
 

Partnering CPHST, ARS and Utah State University scientists continued to search for strains of the fungus Metarhizium to 
control grasshoppers and Mormon crickets. Although no promising candidates were discovered in 2010,  we gained valuable 
experience with the application technology and the temperature issues associated with the biopesticides. Future studies will 
focus on more optimal target age structures, environmental temperatures and isolates with more attractive thermal windows 
of activity that are consistent with typical conditions in the western US. 

2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT                            PAGE 2           

REPORT SUMMARY - PHOENIX 
 



DIGITAL IDENTIFICATION TECHNOLOGY 
 

Identification Technology Program: 2010 Year in Review 

The Identification Technology Program (ITP) develops in-
teractive, electronic products for identification of pests, 
weeds, and diseases that currently threaten or may in the 
future threaten U.S. agriculture and natural resources. The 
products we deliver support PPQ by enabling identification, 
recognition, or screening of organisms, furthering the effort 
to prevent the entry, spread, and establishment of potential 
invaders. Our mission is to address these challenges by 
embracing new technologies to maximize identification 
capabilities for PPQ and its cooperators. Our clients are a 
diverse group, encompassing individuals from government, 
academia, and industry, as well as foreign trading partners. 
We therefore strive to maintain an equally broad perspec-
tive in keeping with the reality of globalization and the mul-
titude of new pathways it brings. 

2010 saw some positive new directions emerge for ITP. 
More of our clients and colleagues have come to us for 
support. We are also reaching out, asking more questions 
to learn what our clients want and need. The ITP team has 
been critically evaluating its products and examining its 
role, with a view toward shaping ITP’s direction to provide 
the most effective support to its clients. Looking ahead, we 
see major leaps to come, with new possibilities for our 
products and pursuit of the latest technologies. 

Expanding our Product Line 

In 2010, ITP worked on 34 identification products in coop-
eration with 18 institutions. ITP “cooperators” are scientific 
and technical experts, most often from academia, who 
work directly for and with ITP to deliver identification prod-
ucts. In sheer numbers, 2010 saw more identification prod-
ucts in development and delivered than in any prior year. 
But perhaps more significantly, ITP’s product line ex-
panded in several important ways. 

ITP delivered six identification products to its clients in 2010 
(see Accomplishments), including the commodity-based A 
Resource for Pests and Diseases of Cultivated Palms. This 
resource was developed as a prototype in response to re-
quests from CAPS and PPQ to support the shift from single 
pest- and disease-based surveys to commodity-based sur-
veys. The first two of the six planned palm resource tools 
were released in 2010 and represent firsts for ITP: a symp-
tom-based tool that supports identification of diseases, dis-
orders, and common types of insect damage from symp-
toms alone, and a screening tool to palm pests that relies 
on characters that can be viewed in the field with the naked 
eye and/or a hand lens. Common language terms are em-
phasized throughout the palm resource to support the non-
expert and novice users, who make up a large and growing 
client base for our products. Because of this focus, Screen-
ing Aid to Pests also serves as an excellent training tool and 
will be used as such by the PPQ Professional Development 
Center to train Customs and Border Patrol agents in 2011. 

This year, ITP made significant headway in our concerted 
effort to diversify our product line beyond key-based interac-
tive tools. ITP began development of its second searchable 
“portal,” Wood Boring Beetles of the World, allowing users 
to easily search for links to a variety of bark and wood bor-
ing beetle identification aids available on the web. The wood 
boring beetle portal, to be released in 2011, dovetails well 
with ID Source, a gateway to web-based identification aids 
for plant pests, diseases, and weeds, ITP’s first searchable 
portal. To date over 1,200 identification aid web sites have 
been included in ID Source. Significant progress in 2010 led 
to the release of the first beta version in December (see 
more about ID Source in Coming in 2011). 

Overall, ITP’s products gained new and improved design 
and functionality in 2010. This change can be directly attrib-
uted to several additions to the ITP team, notable among 

 Terrence Walters Julia Scher Amanda Redford Christina Southwick 
 

 Program Coordinator Resource Developer Tool Developer Technician 
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DIGITAL IDENTIFICATION TECHNOLOGY 
them Matt Trice, a graduate student web designer who 
joined ITP this year. Matt worked with Amanda to coordinate 
efforts with cooperators and give the products a fresh, up-to-
date look with useful new features. It has not gone unno-
ticed that ITP’s tools are now offering users an enhanced 
experience with more enticing content. 

Sharing Expertise 

The need for identification tools supporting plant protection 
is shared by all countries engaged in international trade. 
With five years of experience as one of the world’s largest 
producers of digital, interactive identification products, ITP 

ITP’s identification tools include a wealth of useful information and features to help users. The many screen captures 
shown are drawn from ITP’s products and feature textual and visual information, as in an illustrated glossary, a fact sheet 
with popup images, and a feature page with multiple character descriptor types. The scrollable image gallery and DNA 
Search tool involve user interaction, while videos add another dimension to identification. Background pages cover many 
topics relevant to identification including taxonomy, systematics, morphology, general organism or trade information, life 
history data, and sampling and dissection protocols. Illustrations abound, enhancing users’ understanding of characters, 
morphological variation, glossary terms, and more. Important tool components not illustrated include references, scope of 
tool, how-to-use pages, system requirements, and identification keys.  (Image montage by Christina Southwick.) 
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DIGITAL IDENTIFICATION TECHNOLOGY 

was better positioned than ever in 2010 to provide exper-
tise to both international and domestic colleagues. Ter-
rence gave a presentation at the Global Biosecurity Confer-
ence in Australia, offering tips on developing effective iden-
tification resources for plant protection and quarantine. In 
March, ITP hosted two scientists from the Canadian Food 
Inspection Agency for a two-day workshop, providing them 
with requested hands-on guidance to jump-start their inter-
active tool on Canadian weed seeds. Amanda also con-
ducted several similar workshops in Florida for three 
groups of ITP cooperators building tools to pests of citrus, 
invasive molluscs, and pests of palms, offering advice and 
support to ensure the success of each project. 

Supporting Taxonomic Training and Future  
Tool Development 

ITP has worked with many graduate students pursuing 
advanced degrees in taxonomy. Tool development pro-
vides students with valuable opportunities for taxonomic 
research and training. Often experts in their groups, gradu-
ate students make highly motivated tool authors, and they 
often offer the added benefits of being multi-talented and 
tech-savvy, bringing fresh ideas for content and functional-
ity to their projects. This year, many of our products in de-
velopment are being spearheaded by graduate students. 
To mention just a few: Todd Gilligan, at Colorado State 
University, is creating TortAI (Tortricids of Agricultural Im-
portance), broadening the scope of his previous tool, LBAM 

ID; and Eugenio Nearns and 
Nathan Lord are developing 
three wood boring beetle tools 
at the University of New Mex-
ico, Oncid ID, Ironclad ID, and 
a tool to longhorned beetles 
(see Accomplishments). 

The generally acknowledged 
decline in taxonomic expertise 
in the U.S. and worldwide, due 
to retirements, budget reduc-
tions, and the downsizing of 
academic departments, is a 
serious problem. By supporting 
graduate students in taxon-
omy, ITP is helping to address 
this problem, creating taxo-
nomically up-to-date identifica-
tion products, furthering the 
transfer of expert knowledge, 
and contributing to a pool of 
future developers. 

Fostering Global Collaborations  

One way ITP facilitates international collaboration is by 
sponsoring foreign post-doctoral scholars at American insti-
tutions. For example, we have invited the world’s foremost 
ambrosia beetle expert (Dr. Jiri Hulcr), as well as a mite 
taxonomist with prior tool development experience (Dr. 
Jenny Beard), to bring their unique expertise to our projects. 
Using a different approach, Terrence conducted a workshop 
in Brisbane, Australia to foster collaboration between our 
countries in the development and distribution of identification 
tools that serve mutual plant protection goals. 

We have also tapped individuals in foreign governmental 
partner institutions and NGOs to participate in scientific re-
views of our products. An international perspective is of 
great value, as it allows us to create products that are useful 
both domestically and internationally, supporting global col-
laborative efforts to keep invasive pests out of the transpor-
tation stream. 

Furthermore, ITP has taken the lead for the new Digital Di-
agnostic Tool project within the Quadrilateral Scientific Col-
laboration in Plant Biosecurity (Quad) initiative, representing 
Australia, New Zealand, and Canada as well as the US. This 
collaboration allowed us to help coordinate a visit from Aus-
tralia’s Cooperative Research Center for Plant Biosecurity to 
PPQ to demonstrate their latest advances in remote diag-
nostic technology. In a parallel effort, ITP began discussions 

Attendees at the fourth Palm Team Workshop, held in January 2010 in Gainesville, FL. 
The workshop was held to coordinate completion of A Resource for Pests and Diseases 
of Cultivated Palms. Team members pictured are ITP members (Amanda and Terrence) 
with tool authors representing Florida Department of Agriculture and Consumer Services, 
Florida A&M University, and University of Florida.  
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DIGITAL IDENTIFICATION TECHNOLOGY 
with the European Union to establish similar collaborative 
tool development projects. 

Outreach and Engagement 

To ensure our products meet our clients’ needs, ITP con-
ducts user reviews to obtain feedback. In 2010, ITP em-
barked on a new scientific approach to improving our prod-

ucts, utilizing the field of human-computer interaction (HCI). 
HCI is a multidisciplinary field combining behavioral and 
computer science to study the relationship between humans 
and computers. In cooperation with Dr. Lucy Troup, a psy-
chologist at Colorado State University, individuals’ psycho-
logical reactions and perceptions of web displays were ana-
lyzed, and specific changes to the interface were recom-

High quality images make a difference! All of these were taken using a “Visionary Digital” system employing a 
high resolution, monocular, long-distance microscope coupled with a 21 mega pixel digital camera and an auto-
matic Z-stepper. The horizontal field of view has an astonishing range of 0.80 mm to 750.0 mm with exceptional 
resolution and depth of field. Images were taken by ITP (which upgraded its own Visionary Digital system in 
2010) and its cooperators for display in ITP identification tools. Top row (left to right): Ecthoea quadricornis 
(cerambycid beetle), head, ca. 4 mm long, by E.H. Nearns, UNM; Cyclodes spectans (noctuid moth), head, fron-
tal view (image width 6.5 mm), by T.M. Gilligan, CSU; Schismus arabicus (grass), florets in ventral (left) and 
dorsal views, by C. Southwick, ITP. Middle row (left to right): Erodium texanum (geranium), mericarp, by D.S. 
Walters, ITP; Cenchrus spinifex (grass) spikelets enclosed by bur, by D.S. Walters; Thespesia populnea 
(mallow), fruits with husk removed, dyed orange and yellow, by C. Southwick. Bottom row (left to right): Anastre-
pha. sp. (fruit fly), various views, by R. Larimer, G.L. Venable and A.L. Norrbom, USDA-ARS SEL; Aes-
chynomene aspera (legume), pith slices formed into a flower and dyed pink, by C. Southwick; Marensis simplex 
(cerambycid beetle), dorsal view, by E.H. Nearns, UNM.  (Image montage by Christina Southwick). 
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mended based on the emergent 
trends. To date, we have used HCI 
studies to enhance ID Source, and we 
are optimistic about the benefits of 
this approach. We have also taken 
advantage of the opportunity to have 
potential clients test beta versions of 
our tools; our screening aid to palm 
pests was tested by participants in a 
diagnostics workshop conducted by 
cooperator Dr. Amanda Hodges. The 
testers provided valuable feedback for 
improvement of the tool.  

We are striving to find new ways to 
make our clients aware of our prod-
ucts and all they offer. Dr. Eli Sarnat 
gave a live demonstration of ITP’s 
PIAkey to over 60 individuals respon-
sible for identifying invasive ant incur-
sions throughout the Pacific. Addition-
ally, ITP products were featured in 
two articles in the NPDN (National 
Plant Diagnostic Network) News, an 
online publication with over 300 subscribers. ITP plans to 
continue its association with NPDN in 2011 with news of its 
products in NPDN’s First Detector Network News, an online 
publication with a wider audience of over 5,000 subscribers, 
including growers, master gardeners, state regulatory offi-
cials, and extension agents. 

Another avenue for promotion and outreach comes from 
our many cooperators, who gave presentations both nation-
ally and internationally and published articles in respected 
journals such as American Entomologist and Zootaxa. 
Taxonomic research is an important aspect of our tools and 
often results in taxonomic revisions and naming of new 

species. (A complete list of articles and presentations 
can be found in the Accomplishments.)  

Coming in 2011 and Beyond 

After several years of development, ITP was pleased 
to release the first beta version of ID Source in De-
cember. As a gateway to an identification-themed sub-
set of the web, the websites gathered in ID Source 
(“ID Aids”) feature content such as keys, fact sheets, 
screening aids, and image galleries that facilitate iden-
tification and related tasks. ID Source will undergo 
beta review in the first half of 2011. (Please contact 
Julia Scher if you would like to be a beta tester.) Later 
in 2011, users will be able to contribute ID Aid sugges-
tions, keep us updated about ID Aid issues, and rate 
and review ID Aids. Through natural end-user partici-
pation, ID Source is envisioned to become dynamic, 
current, relevant, and self-sustaining. 

Looking ahead, ITP further envisions a wider role for 
ID Source in which it would serve more users and 

DIGITAL IDENTIFICATION TECHNOLOGY 

Members of the ITP team include undergraduate and graduate students who 
receive valuable training while ITP benefits from their enthusiasm, intelligence, 
and high motivation. Here, standing, from left, CSU students Sheryl Atkinson, 
Lisa Martin, and Matt Trice are being trained on ITP’s Visionary Digital system 
by Christina (seated), ITP’s new technician and resident imaging expert. 

ITP’s searchable portal for wood boring beetles, to be released 
in 2011, links users to useful sites concerning identification of 
this economically important group. New sites will be added as 
they become available. Search options featured on home page.  
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more needs, with the ID Aid search described above just 
one module among many. Two of these modules would be 
ID Image, an annotated digital image library, and ID 
Method, a collection of specimen handling and preparation 
procedures to support identification. Many more modules 
are being planned. 

Other significant projects in development in 2010 that are 
slated for completion in 2011 include: 

• ITP’s first mollusc identification tool, a group for which 
identification aids are much in demand. 

• Two complete commodity-based resources, for culti-
vated palms and for citrus, each containing individual 
tools for pests and diseases of the commodity, as well 
as for the host material. 

• Dried Botanical Identification Tool, ITP’s first image-
based tool. This tool was designed to support visual 
recognition, an increasingly used and highly popular 
identification method. Dried Botanicals will feature new 
functionalities not found in previous ITP products, in-
cluding image-dominated fact sheets and an interactive 
image gallery. 

• Web-based templates for identification tool, fact sheet, 
and screening aid generation. This will allow experts 
without web page coding experience to add content 
and instantly create web pages to suit their needs. 

Looking further into 2012 and beyond, ITP aims to harness 
the latest technology in its identification products, including 
using moderated end-user content, incorporating the latest 
graphic user interface technologies, and developing content 
for hand-held devices. 

DIGITAL IDENTIFICATION TECHNOLOGY 

ID Source is a searchable portal that is a gateway to pest identification on the Internet. Its “Search Results” page 
displays identification aids (“ID Aids”) resulting from a search. The three bubbles on the left highlight ways users can 
search for ID Aids. The lower right corner bubble enlarges the information displayed on the page about an ID Aid, 
“Guide to Codling Moth Damage Identification.” By clicking on either the ID Aid’s Title or its URL, users will be sent 
directly to this site’s home page (upper right corner).  (Image montage by Lisa Martin.) 

2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT                            PAGE 8           



Identification Technology Program Accomplishments, 2010 

Funding Requests Approved in 2010 
Source: USDA Foreign Agricultural Service 
Digital diagnostic tools to support table grape export to Australia and New Zealand 
Purpose: Deliver a resource including two tools (for weed seeds and spiders) to California county, state, and 

federal inspectors 
  
Source: Section 10201 2008 Farm Bill 
Web-based, multimedia resources to pests, diseases, and weeds  
Purpose: Funding to complete six identification tools in two formats - commodity-based and pest-based 

ITP’s 2010 U.S. Cooperator Institutions & Organizations [by state] 
AZ: University of Arizona 
CA: California Department of Food & Agriculture (CDFA), University of California Davis, University of California 

Riverside 
CO: Colorado State University 
DC: USDA-ARS Systematic Entomology Laboratory (SEL) 
FL: University of Florida, Florida A&M University, Florida Department of Agriculture and Consumer Services - 

Division of Plant Industry (FDACS-DPI), Southern Plant Diagnostic Network (SPDN) 
IL: University of Illinois 
MA: Harvard University 
MD: University of Maryland 
NC: North Carolina State University 
NE: Chadron State College, University of Nebraska 
NM: University of New Mexico, New Mexico State University 
WI: University of Wisconsin 

Presentations Given by or Associated with ITP in 2010 
Global Biosecurity Conference 
Guidelines for developing identification resources for plant protection and quarantine 
March 3, 2010 in Brisbane, Australia 
Presenter: Terrence Walters 
 
International Invasive Ant Management Workshop 
Where do insect invaders come from?  
April 26, 2010 in Darwin, Australia 
Presenter: ITP cooperator Andrew Suarez (University of Illinois) 
 
Lepidopterists’ Society of America 
Tortricids of agricultural importance 
July 8-11, 2010 in Leavenworth, Washington 
Presenter: ITP cooperator Todd Gilligan (Colorado State University) 
 
Florida Entomological Society 
Weevils of cultivated palms from the United States and Caribbean countries 
July 26, 2010 in Jupiter, Florida 
Presenter: ITP cooperator Muhammad Haseeb (Florida A&M University) 

DIGITAL IDENTIFICATION TECHNOLOGY 
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International Congress of Acarology 
A defining moment in flat mite taxonomy: Tenuipalpidae in detail 
Travels by tea: the tales of a Tuckerella 
The usual Brevipalpus suspects and their taxonomy 
Raoiella indica (Acari: Tenuipalpidae): a rapidly expanding generalist among specialist congeners 
Raoiella: more than meets the eye (Acari: Tenuipalpidae) 
August 23-27, 2010 in Recife, Brazil 
Presenters: ITP cooperators Ron Ochoa (USDA-ARS SEL), Jenny Beard (Australia Queensland Museum and 

University of Maryland), and Cal Welbourn (FDACS-DPI) 
 
2010 National Cooperative Agricultural Pest Survey Conference 
Digital diagnostic tools for the CAPS community 
December 2, 2010 in Kansas City, Kansas 
Presenter: Terrence Walters 
 
Entomological Society of America 
December 12-15, 2010 in San Diego, California 
Geographic differences in body size in the big-headed ant, Pheidole megacephala 
Presenter: ITP cooperator Andrew Suarez (University of Illinois) 
Systematics in the 21st Century – developing Lucid tools to enhance taxonomy 
Presenters: ITP cooperators Eugenio Nearns and Nathan Lord (University of New Mexico) 
Identification and diagnostics of potential invasive weevil species from the Caribbean 
Presenter: ITP cooperator Muhammad Haseeb (Florida A&M University) 
Update on the phylogenetics of the genus Raoiella (Acari: Tenuipalpidae) 
Presenter: ITP cooperator Ron Ochoa (USDA-ARS SEL) 
Plant-associated mites under the low temperature scanning electron microscope 
Presenter: ITP cooperator Jenny Beard (Australia Queensland Museum and University of Maryland) 

Promoting ITP’s Products During 2010 
Australian Broadcasting Corporation 
Dr. Eli Sarnat (ITP cooperator) was interviewed about his live demonstration of ITP’s PIAkey: Identification 

Guide to Invasive Ants of the Pacific Islands <http://keys.lucidcentral.org/keys/v3/PIAkey/> and his cur-
rent development of Invasive Ants of the United States during the August Invasive Ant Management Work-
shop in Brisbane. The interview aired on the radio following the workshop. 

  
NPDN News  
The October 29 issue <http://www.npdn.org/newsletter> announced the release of A Resource for Pests and 

Diseases of Cultivated Palms: Screening Aid to Pests, a new ITP tool that was developed in cooperation 
with SPDN and University of Florida. 

DIGITAL IDENTIFICATION TECHNOLOGY 

ITP Cooperators from left to right: Dr. Marc Epstein (CDFA) setting up a moth trap in Kenya to collect tortricids for morpho-
logical and DNA analysis; Dr. Ronald Ochoa (USDA-ARS SEL) collecting flat mites in Darwin, Australia; Dr. Jiri Hulcr (North 
Carolina State University) hunting for ambrosia beetles in the swamps of Florida; Todd Gilligan (Colorado State University) 
with his field security guard during his Kenya expedition to collect tortricids. 
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Workshops Given by and/or Participated in by ITP and Cooperators in 2010 
Palm Workshop IV 
Instructors: Terrence Walters and Amanda Redford 
January 28, 2010 in Gainesville, Florida 
ITP’s Coordinator and Tool Developer held the fourth and final workshop for the team developing the commodity

-based palm resource. Workshop participants hailed from University of Florida, Florida A&M University, and 
FDCAS-DPI. 

 
Digital Identification Tools: Path Forward 
Instructor: Terrence Walters 
March 5, 2010 in Brisbane, Australia 
ITP’s Coordinator organized and oversaw a workshop that discussed the future for development of digital identi-

fication resources. Participants represented Australia’s University of Queensland and Museum Victoria. 
 
Developing a Lucid Tool to Weeds 
Instructor: Amanda Redford 
March 24-25, 2010 in Fort Collins, Colorado 
The ITP Team met with scientists from the Canadian Food Inspection Agency to discuss development strategies 

for the scientists to produce a Lucid key to Canadian weed seeds and disseminules. 
 
Invasive Ant Management Workshop: PIAkey, Using a Digital Identification Tool 
Instructor: ITP Cooperator Eli Sarnat (University of Illinois) 
April 29, 2010 in Darwin, Australia 
ITP’s cooperator gave a live demonstration of ITP’s PIAkey to over 60 participants responsible for identifying 

invasive ant incursions throughout the Pacific. 
 
NPDN/PSU Plant Disease Diagnostics Workshop: Basic Techniques 
Instructor: ITP Cooperator Amanda Hodges (University of Florida/Southern Plant Diagnostic Network) 
May 18-20, 2010 in University Park, Pennsylvania 
ITP’s cooperator oversaw the beta-testing of ITP’s A Resource for Palm Pests and Diseases: Screening Aid to 

Pests by workshop participants. 
 
Remote Diagnostics Identification Workshop 
Co-Organizer: Terrence Walters 
September 16, 2010 in Riverdale, Maryland 
Australia’s Cooperative Research Center (CRC) for Plant Biosecurity provided USDA PPQ a live demonstration 

of their new technology for remote diagnostics. 

DIGITAL IDENTIFICATION TECHNOLOGY 

ITP Cooperators from left to right: Jim Effenberger (CDFA) gathering seed samples for the upcoming table grape weed tool; 
Eugenio Nearns (University of New Mexico) visiting the Smithsonian Institution to photograph and code characters of beetle 
specimens for his tools; Dr. Andrew Suarez (University of Illinois) examining a tray of pinned intercepted ants.  

PAGE 11                                2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT  
            



Publications Associated with ITP in 2010 
Scanning electron microscopy vouchers and genomic data from an individual specimen 
Acarologia, Volume 50, Number 4, Pages 479-485 
Cooperators: USDA-ARS SEL, University of Maryland, Australia Queensland Museum 
  
Herbivore exploits chink in armour of host 
American Entomologist (accepted) 
Cooperators: USDA-ARS SEL, University of Maryland, Australia Queensland Museum 
  
Biology, identification, and history of the light brown apple moth, Epiphyas postvittana, in California 
American Entomologist, Volume 56, Pages 34-43 
Cooperators: Colorado State University, CDFA 
 
ID Source, a gateway to identification resources on the internet 
NPDN News, October 2010 <http://www.npdn.org/newsletter> 
Author: Julia Scher 
 
Pest information, detection, and surveillance projects of the Center for Plant Health Science and Technology 
Proceedings of the Caribbean Food Crops Society (accepted) 
Cooperator: North Carolina State University 
 
Discovery of Lobesia botrana (Den. & Schiff.) in California: an invasive species new to North America  
Proceedings of the Entomological Society of Washington (accepted for Volume 113) 
Cooperators: Colorado State University, CDFA 
 
A new species of Aegyptobia (Acari: Tenuipalpidae) from Myrtaceae in Australia 
Systematic and Applied Acarology (accepted) 
Cooperators: University of Maryland, Australia Queensland Museum 
  
Additions and corrections to Borowski and Wegrzynowicz’s world catalogue of Bostrichidae (Coleoptera) 
Zootaxa, Volume 2498, Pages 28-46 
Cooperator: Montana State University 
 
New species of and taxonomic notes on Anastrepha (Diptera: Tephritidae) 
Zootaxa (accepted for Volume 2740) 
Cooperators: USDA-ARS SEL, Universidad de Panama 
 
A new species of predatory Scolothrips (Thripidae) feeding on Raoiella mites (Tenuipalpidae) in Australia 
Zootaxa (accepted) 
Cooperators: USDA-ARS SEL, Australia CSIRO, University of Maryland, Australia Queensland Museum 

Identification Tools Delivered by ITP to USDA-APHIS-PPQ and Cooperators in 2010 
Federal Noxious Weed Disseminules of the U.S., Edition 2.1 
Authors: Julia Scher and Deena Walters 
Collaborator*: CDFA 
<http://keys.lucidcentral.org/keys/v3/FNWE2/> 
 
An Identification Tool for Bark Beetles of the Southeastern United States 
Authors: James Baker, James LaBonte, Thomas Atkinson, and Stephen Bambara 
Collaborators: North Carolina State University, SPDN, Oregon Department of Agriculture 
<http://keys.lucidcentral.org/keys/v3/Bark_Beetles/> 
 
*ITP’s collaborators contribute their expertise to help guide ITP during critical steps of product development. 

DIGITAL IDENTIFICATION TECHNOLOGY 
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Xyleborini Ambrosia Beetles – An Identification Tool to the World Genera 
Authors: Jiri Hulcr and Sarah Smith 
Cooperator: University of Wisconsin 
Collaborators: Michigan State University, North Carolina State University, University of California 
<http://itp.lucidcentral.org/id/wbb/xyleborini/> 
 
A Resource for Pests and Diseases of Cultivated Palms 
Authors: Terrence Walters, Amanda Redford, Matthew Trice, Julia Scher, and Amanda Hodges 
Cooperators: University of Florida, Florida A&M University, FDACS-DPI 
<http://itp.lucidcentral.org/id/palms/resource/> 
 
 Screening Aid to Pests 
 Authors: Amanda Redford, Terrence Walters, Amanda Hodges, Forest Howard, and Matthew Trice 
 Cooperators: University of Florida, SPDN  
 <http://itp.lucidcentral.org/id/palms/sap/> 
  
 Symptoms of Diseases and Disorders 
 Authors: Tim Broschat, Monica Elliott, and Ian Maguire 
 Cooperator: University of Florida 
 <http://itp.lucidcentral.org/id/palms/symptoms/> 

Beta Versions Completed and Under Review in 2010 
Bark Beetle Genera of the United States 
Cooperators: Colorado State University, USDA Forest Service 
Release: January 2011 
<http://itp.lucidcentral.org/id/wbb/bbgus/> 
 
A Resource for Pests and Diseases of Cultivated Palms: Identifying Commonly Cultivated Palms 
Cooperator: FDACS-DPI 
Release: February 2011 
<http://itp.lucidcentral.org/id/palms/palm-id/> 
  
ID Source  
Cooperator: Colorado State University 
Release: Live version release September 2011. Beta release <http://idsource.colostate.edu> 

Identification Tools and Resources Initiated or in Development by ITP During 2010 
Screening Aid for Spiders of California Central Valley Table Grape Production Areas 
Collaborator: University of California Riverside 
Expected Completion: 2011 
  
Screening Aid for Weed Disseminules of California Central Valley Table Grape Production Areas 
Cooperator: CDFA 
Expected Completion: 2012 
  
TortAI: Tortricids of Agricultural Importance 
Cooperators: Colorado State University, CDFA  
Expected Completion: 2012 
 
PBW ID: Screening Tools for Pink Bollworm (Pectinophora gossypiella, Gelechiidae, Lepidoptera) 
Cooperator: University of Arizona 
Expected Completion: 2011  
 
 

DIGITAL IDENTIFICATION TECHNOLOGY 
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Flat Mites (Acari: Tenuipalpidae) of the World: Identification Tool to Genera and Critical Species 
Cooperators: University of Maryland, USDA-ARS SEL, Australia Queensland Museum 
Expected Completion: 2011 
  
Dried Botanical Identification Tool 
Cooperators: USDA-APHIS-PPQ Eastern Region, Delaware State University  
Expected Completion: 2011 
  
A Resource for Pests and Diseases of Cultivated Citrus in the United States 
CPHST: Amanda Redford 
Expected Completion: 2011 
 

Screening Aid to Arthropod Pests of Citrus 
Cooperators: University of Florida, SPDN 
Expected Completion: 2011 

 
Diseases and Commonly Confused Disorders of Cultivated Citrus 
Cooperator: University of Florida 
Expected Completion: 2011 

 
Hosts and Potential Hosts of Citrus Pests and Diseases  
Cooperators: North Carolina State University, University of California Riverside 
Expected Completion: 2011  

 
A Resource for Pests and Diseases of Cultivated Palms: 

 
Mite Screening Tool 
Cooperator: FDACS-DPI 
Expected Completion: 2011 

 
Scale Insect Screening Tool 
Cooperators: FDACS-DPI, SPDN, University of Florida 
Expected Completion: 2011 

 
Beetle Screening Tool 
Cooperator: Florida A&M University 
Expected Completion: 2011 

 

DIGITAL IDENTIFICATION TECHNOLOGY 

ITP Cooperators from left to right: Dr. Gary Bauchan (USDA-ARS) training Dr. Jenny Beard (University of Maryland, Queen-
sland Museum) on the use of low-temperature SEM for imaging flat mites; Drs. Patti Anderson and Cal Welbourn (FDACS-
DPI) collecting palm mites at the Huntington Botanical Gardens in San Marino, CA; Nathan Lord (University of New Mexico) 
photographing and coding characters of beetle specimens at the Museum d’Histoire Naturelle Entomologie in Paris.  
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Wood Boring Beetles of the World 
Cooperator: University of New Mexico 
Expected Completion: 2011 
 
Ironclad ID: Tool for Diagnosing Ironclad and Cylindrical Bark Beetles (Zopheridae) of the United States 
Cooperators: University of New Mexico, Australia CSIRO 
Expected Completion: 2011 
 
Oncid ID: Tool for Diagnosing Adult Twig Girdlers (Cerambycidae: Lamiinae: Onciderini) 
Cooperators: University of New Mexico, USDA-ARS SEL 
Expected Completion: 2011 
 
Identification Tool to Longhorned Beetle Subfamilies and Tribes (Cerambycidae) 
Cooperators: University of New Mexico, USDA-ARS SEL, Australia CSIRO 
Expected Completion: 2012 
 
Synopsis of Diabrotica (Coleoptera: Chrysomelidae: Galerucinae) of North and Central America 
Cooperators: USDA-ARS SEL, University of Maryland 
Expected Completion: 2012  
 
Common Nymphal Grasshoppers of the Western United States 
Collaborators: USDA-APHIS-PPQ Western Region, USDA-APHIS-PPQ Colorado SPHD Office 
Expected Completion: 2011 

 
Grasshoppers of the Western United States, Edition 4 
Cooperators: Chadron State College, University of Nebraska 
Expected Completion: 2011 
 
Interactive Identification Tool to Polyphagous and Cosmopolitan Aphids 
Cooperators: USDA-ARS SEL, University of Maryland 
Expected Completion: 2011  

 
Identification Resource for the Fruit Fly Species of Anastrepha and Toxotrypana 
Cooperators: USDA-ARS SEL, Universidad de Panama, Universidade de Sao Paulo 
Expected Completion: 2011 
 
Identification Tool to Molluscs of Agricultural Significance to the United States 
Cooperator: University of Florida 
Expected Completion: 2011  
 
Invasive Ants of the United States 
Cooperator: University of Illinois 
Expected Completion: 2012  

DIGITAL IDENTIFICATION TECHNOLOGY 
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WEED MANAGEMENT 

Canada thistle, Cirsium arvense (Asteraceae), is among the 
most economically and environmentally damaging exotic 
weeds in the US. Biological control remains a potentially 
useful management tool that has achieved only sporadic 
success against Canada thistle infestations. The search for 
new, effective agents continues. 2010 activities are summa-
rized with a native lace bug and an accidentally-introduced 
rust mite that feed on Canada thistle in the US, assessing 
their utility in a biocontrol program. 
 

Assessment of a native lace bug as a potential Canada 
thistle biocontrol agent. The distinct lace bug, Corythucha 
distincta (Hemiptera: Tingidae) (Fig. 1) is a native insect 
that feeds on Canada thistle, occasionally causing leaf and 
shoot mortality. We have been examining the possibility of 
employing this insect as a biological control agent for the 
weed, beginning in 2008. The first objective in this project is 
an assessment of the host specificity of C. distincta, com-
paring lace bug feeding and survival on Canada thistle with 
that on native or crop plants. No-choice and host-choice 
laboratory and host-choice field cage experiments con-
ducted in 2009 showed that lace bug utilization of native 
Cirsium thistles was similar to, and often ex-
ceeded that, of Canada thistle (CPHST FCL 2009 
Annual Report). In addition, crop plants related to 
thistles (artichoke, cardoon, safflower, and sun-
flower) were not utilized by C. distincta. 
 

In 2010, we continued laboratory host-choice 
tests with Canada thistle, 7 native Cirsium thistles 
(including one, C. neomexicanum, tested for the 
first time), and two related exotic thistles (Scotch 
thistle, Onopordum acanthium, and cardoon, Cy-
nara cardunculus). Tests used methods previ-
ously described (CPHST FCL 2009 Annual Re-
port) and we used C. distincta adults from an FCL 
lab colony or collected from nearby field popula-
tions. Lace bugs occurring on various test plants 
were counted at 7 and 14 days after introduction. 
 

Four replicates were completed in 2010. As in 
2009, utilization of most native Cirsium spp. was 
equivalent to, or exceeded, that of Canada thistle 
(Fig. 2).  O. acanthium was utilized at a very low 
level, and C. cardunculus was not attacked. 
When combining 2009 and 2010 host utilization 
data, lace bugs were more often found on three 
native thistles (C. centaureae, C. occidentale, and 

C. tracyi) than on Canada thistle, and found as frequently 
on the other five tested native thistles as on Canada thistle 
(Fig. 3). Use of the ‘other’ exotic true thistles (Silybum, 
Onopordum, and Cynara) was similar to, or less than, that 
of C. arvense. Related crop plants outside of the subtribe 
Carduinae (safflower, Carthamus tinctoria, and sunflower, 
Helianthus annuus) were not utilized by lace bugs. 
 

We also conducted a field colonization experiment in Au-
gust and September 2010.  Nine test plants, including Can-
ada thistle, five native Cirsium thistles, and Scotch thistle, 
where randomly planted in a Canada thistle infestation in 
Fort Collins, CO that supported a ‘moderate’ population of 

Figure 1.  Distinct 
lace bug,  
Corythucha  
distincta,  
adults and 
nymphs. 

Figure 2.  Relative occurrence of Corythucha distincta adults on plants 
in 2010 lab host-choice experiment, four replicates (n = 35 adults for A; 
n = 50 adults for B, C, and D). 
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WEED MANAGEMENT 

C. distincta. Once a week for 8 weeks, lace bug nymphs 
and adults were counted and feeding damage scored on 
each test plant; feeding was estimated on a 0-3 scale (0 = 
no feeding, 1 = light feeding, 2 = moderate feeding, and 3 = 
significant feeding and foliar discoloration). Unfortunately, 
Canada thistle plants were heavily defoliated by grasshop-
pers and quickly died. All five native Cirsium spp. supported 
nymphal and adult lace bug populations and some level of 
observable feeding damage throughout the experiment 
(Table 1); feeding was most significant on C. tracyi. A few 
lace bug adults (but no nymphs) were found on Scotch this-
tle, and no feeding damage was observed. 
 

Earlier reports listed Canada thistle and other exotic Cir-
sium and Carduus thistles (not tested here), two native Cir-
sium thistles, as well as plants from Fabaceae, Malvaceae, 
and several other plant families as C. distincta hosts. In 
general, many lace bugs are believed to have compara-
tively narrow host ranges. Our experiments show that na-

tive Cirsium thistles are probably the ancestral hosts of this 
native insect, with exotic Cirsium thistles also utilized; other 
exotic true thistles (e.g. Carduus, Onopordum, Silybum) 
may be marginal hosts. More distantly related plants in As-
teraceae (e.g. sunflower and safflower) are not utilized by 
C. distincta, and host records from other plant families ap-
pear erroneous. Feeding on native Cirsium thistles probably 
precludes applied utilization of C. distincta as a biocontrol 
agent. However, the final objective of this study is a quanti-
tative assessment of C. distincta impacts on Canada thistle 
and nontarget plants; anecdotal observations indicate that 
lace bug feeding can stunt or kill Canada thistle shoots 
when populations are high. Work will be completed in 2011. 
 

Utilization of native Cirsium thistles by the Canada this-
tle rust mite.  Efforts to document nontarget utilization of 
native thistles and related plants by Aceria anthocoptes 
continued in 2010, when we sampled nine Asteraceae 
plants for mites. These included four native Cirsium thistles, 
a native sunflower, and four exotic species (including Can-
ada thistle). Among the native thistles, one was sampled for 
the first time: Wyoming thistle, Cirsium pulcherrimum 
(collected in Albany and Fremont Counties, Wyoming).  
Putative A. anthocoptes mites were collected from three of 
four native Cirsium spp. (Table 2). 
 

2010 sampling confirmed that no mites have been collected 
from any plants outside the genus Cirsium. Mite samples 
from C. canescens, C. eatonii, and C. pulcherrimum are 
awaiting taxonomic confirmation by Dr. Radmila Petanovic, 
University of Belgrade (Serbia). 
 

Our thistle garden, located at the USDA-ARS farm north-
east of Fort Collins, was sampled for A. anthocoptes abun-
dance biweekly from late May through mid-September 
2010. This experiment was established to assess among-
host differences in relative mite abundance and seasonal 
population patterns under field conditions. Methods used 

Figure 3.  Mean occurrence (± SE) of C. distincta 
adults on test plants, 2009 / 2010 lab host-choice 
experiments. Means followed by the same letters are 
not significantly different. 

Table 1.  Lace bug colonization and feeding damage during 2010 field experiment. 
  Native species Exotic species 

Week 
Cirsium 

neomexicanum 
Cirsium  

occidentale 1 
Cirsium occi-

dentale 2 
Cirsium 

ochrocentrum Cirsium tracyi Cirsium  
undulatum 

Cirsium 
arvense 1 

Cirsium 
arvense 2 

Onopordum 
acanthium 

Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS Ad Ny FS 
1       1 4 0             6 60 2 11 17 1 0 0 0       0 0 0 
2       3 3 0             41 200 2 17 13 1       1 0 0 0 0 0 
3 6 1 0 9 0 0 10 41 1 3 6 0 31 110 2 43 11 1       1 0 0 0 0 0 
4 15 1 0 5 0 0 22 41 2 15 7 1 81 59 3 42 10 1             0 0 0 
5 9 1 0 8 3 0 43 4 2 21 1 1 101 52 3 66 0 1             2 0 0 
6 30 0 1 18 0 1 57 0 2 44 1 2 112 32 3 64 0 2             8 0 0 
7       4 0 1 46 2 2 38 0 2 86 17 3 85 0 2             2 0 0 
8       2 0 1 38 0 3 42 0 2 33 1 3 93 0 2             11 0 0 

Ad = number of lace bug adults     Ny = number of lace bug nymphs     FS = feeding score (0 = none; 1 = light; 2 = moderate; 3 = significant) 
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WEED MANAGEMENT 

were generally the same as those employed in 2009 
(CPHST FCL 2009 Annual Report). In 2010, we collected 
five samples per plant for each host, and only six species 
had enough garden replicates to support this sampling in-
tensity: four native Cirsium thistles, Canada thistle, and the 

cultivated thistle Cynara cardunculus 
(cardoon). Mite counts were significantly 
higher on Canada thistle than on any 
native thistle for every sampling date 
except August 4 and 18 (Fig. 4).  No 
mites were extracted from cardoon. 
 

Results from 2010 confirm earlier obser-
vations that A. anthocoptes only utilizes 
thistles in the genus Cirsium, and at 
least 12 native Cirsium thistles are mite 
hosts. In 2011 we will continue to sam-
ple additional native thistles for the 
presence of A. anthocoptes. 
 

Assessing nontarget plant utilization 
by the Canada thistle stem gall fly, 
Urophora cardui.  In early 2010, we 
received a question about possible utili-
zation of several native Cirsium thistles 
by the stem gall fly, Urophora cardui 
(Diptera: Tephritidae). This fly is a per-
mitted Canada thistle biocontrol agent 
that was first released in 1980. U. cardui 
has been widely released in the US and 
scattered populations are present in 
many eastern and western states. Lar-
val feeding induces the formation of a 
stem gall that stunts shoot growth and 
reduces flower and seed production, but 

typically does not kill Canada thistle stems or plants (Fig. 
5). U. cardui is believed to be host-specific and nontarget 
attacks have not been reported in the literature.  However, 
pre-release host specificity tests included only a few native 
Cirsium thistles (more than 90 occur in the US), and, to our 
knowledge, no formal post-release lab or field studies of U. 
cardui galling of native plants have been conducted. 
 

We conducted a preliminary study to assess possible non-
target galling. In July 2010, Canada thistle (n=6) and two 
native thistles, Cirsium ochrocentrum (n=5) and C. occiden-
tale var. venustulum (n=2), plants were randomly planted in 
2 x 2 x 2 m field cage (Fig. 6).  Both native thistles are sym-
patric with Canada thistle populations in the western US.  

Table 2.  Collection and identification of Aceria anthocoptes from various hosts 
in Colorado and Wyoming. 
  Aceria mites coll’d (year)?   

Host plant 2006 2007 2008 2009 2010 Positive ID? 

Native thistles             
Cirsium barnebyi     + +   Yes 
C. calcareum   + + +   Yes 
C. canescens       +   ? 
C. centaureae + + + +   Yes 
C. eatonii       + + ? 
C. neomexicanum       –     
C. ochrocentrum   + + + – Yes 
C. scariosum + + + + + Yes 
C. pulcherrimum         + ? 
C. scopulorum + + + +   Yes 
C. tracyi   – + +   Yes 
C. undulatum + + + +   Yes 

Exotic thistles             
Cirsium arvense + + + + + Yes 
C. vulgare – –         
Carduus nutans – –   –     
Onopordum acanthium     – – –   

Other Asteraceae             
Acroptilon repens (exotic)         –   
Helianthus annuus (native)         –   
Lactuca serriola (exotic)         –   

Figure 4.  Abundance of Aceria anthocoptes on native and 
exotic thistles in 2010 (USDA-ARS farm, Ft. Collins, CO). 

Figure 5.   
Urophora cardui 
stem gall on Can-
ada thistle,   
Ft. Collins, CO, 
July 2010. 
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Overwintering U. cardui galls were collected in western 
Colorado in early spring 2010 and held in cold storage until 
July, when they were placed in a growth chamber at 25°C 
and a 16:8 hrs light:dark photoperiod until adults eclosed.   
A total of 59 adult flies were then released in the cage on 
July 26, 2010; more than half of the flies were females.  
Plants were watered at least once a week until September 
14, 2010 (50 days), when thistle plants were harvested and 
examined for galls. Three of the six Canada thistles had a 
single stem gall, while no galls occurred on the native C. 
ochrocentrum and C. occidentale. Thus, this simple study 
provides additional evidence that U. cardui does not attack 
native thistles, at least in a host-choice environment. We 
hope to repeat this experiment in a more carefully repli-
cated manner and with additional native thistles in 2011. 

the CDA laboratory in Palisade, May–July 2010. At the ARS 
farm site, galls were released in four 1 m³ fine-mesh screen 
cages. In the initial cage (established on May 21), galls 
were evident within the cage and outside the cage by early 
June (Fig. 2); external galls were observed up to 20 m from 
the release cage. Post-release galling was not observed for 
other caged releases made in June and July 2010. The site 
received little or no rainfall during the summer, and Russian 

Russian knapweed, Acroptilon repens 
 

Field releases of the bud gall midge Jaapiella  ivanni- 
kovi. The bud gall midge J. ivannikovi (Diptera: Cecidomyii-
dae) was permitted for US field release in 2009. Initial re-
leases were made at several sites in Montana in early sum-
mer 2009 by Montana State U. (MSU) personnel. Additional 
releases were made near Riverton (Fremont Co., WY) and 
Powell (Park Co., WY) in May, June, and September 2009 
(CPHST FCL 2009 Annual Report).  In May and June 2010, 
we visited the Wyoming release sites. Galls were discov-
ered at both Fremont Co. (Fig. 1) and Park Co. sites, docu-
menting successful overwintering. Visual surveys found that 
most galls occurred near the 2009 release points, but some 
galls were found up to 30 m away, indicating at least limited 
adult J. ivannikovi dispersal. The 2010 site visits by Mon-
tana partners also confirmed successful J. ivannikovi over-
wintering in Montana. Galls were also released in a field 
cage at the Colorado Department of Agriculture (CDA) 
laboratory in Palisade (Mesa Co., CO) in 2009. However, 
post-release monitoring in 2009 and 2010 found no galls. 
Galls used in the 2009 releases originated from a lab col-
ony at MSU and a quarantine colony at CPHST Mission. 
 

In 2010, J. ivannikovi galls from MSU and a new lab colony 
at our CPHST location (see next page) were used to aug-
ment existing Wyoming releases and to initiate new re-
leases in Colorado. For the latter, releases were made at 
the USDA-ARS farm near Fort Collins, Larimer Co., and at 

Russian knapweed and yellow toadflax biocontrol project updates 
CPHST STAFF:  Rich Hansen (Lead), Christina Southwick (FCL Support),  
   Albino Chavarria, Matt Ciomperlik, Leeda Wood (CPHST Mission) 
CHAMPIONS:  Shaharra Usnick (PPQ WR Program Manager), Ron Weeks (PPQ ER Program Manager) 
CONTACT:  Rich Hansen (richard.w.hansen@usda.aphis.gov; 970-490-4461) 
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Figure 6.  Urophora 
cardui host choice  
experiment field 
cage, ARS farm, 
July 2010. 

Figure 1.   
Jaapiella  
ivannikovi gall 
at Riverton, 
WY 2009 re-
lease site, June 
2010.   
The yellow  
arrow indicates 
the gall, and the 
yellow stake  
indicates the 
post-release 
monitoring 
point. 

mailto:richard.w.hansen@usda.aphis.gov�
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knapweed plants appeared stressed and senescent by mid-
summer; this may have inhibited later gall formation. Post-
release galling was evident at the CDA site during summer 
2010. We will visit both Colorado locations in 2011 to as-
sess overwintering and establishment. 
 

Establishment of a Jaapiella ivannikovi lab colony at 
Fort Collins CPHST. In early spring 2010, we initiated a 
small-scale rearing program at FCL. Potted Russian knap-
weed plants originating from seeds or from field-collected 
rootstocks were grown under artificial lighting (16:8 h 
light:dark). Galls were obtained from MSU at various inter-
vals and placed in fine-mesh screen cages with 5-10 bolting 
knapweed plants. Cages were reared in growth chambers 
or in the lab at  ca. 25°C and 16:8 h photoperiod. Progeny 
galls were collected 3-4 weeks later and used for field re-
lease or to initiate new rearing cages. We reared two com-
plete generations and a partial third in this manner in spring 
2010, but productivity was very low, due primarily to the 
small stature and poor vigor of lab-grown hosts. About 30 
galls were available for field release in May and June 2010. 
We will greatly expand the rearing in 2011. Galls will be 
provided for field release in spring and summer 2011. 
 

Status of Aulacidea acroptilonica. The bud gall wasp A. 
acroptilonica (Hymenoptera: Cynipidae) was permitted for 
US release in 2008, the first biocontrol approved for Rus-
sian knapweed. Pre-release quarantine rearing is required 
with this insect; galls collected in its native Asian range are 
typically infested with a variety of parasitoids, predators, or 
inquilines, preventing their direct release. Difficulties in rear-
ing this insect (CPHST Mission lab) have prevented any US 
field releases through 2009, and in 2010 we were unable to 
obtain viable A. acroptilonica galls from cooperators in Tur-
key and Uzbekistan. Hopefully, galls will be available in 
2011, providing insects for propagation and field release. 
 

Yellow toadflax, Linaria vulgaris. 
 

Field releases of Mecinus janthinus. Established popula-
tions of a yellow toadflax-adapted stem-mining weevil M. 
janthinus (Coleoptera: Curculionidae) ‘strain’ were con-
firmed at several western Montana sites (CPHST FCL 2009 
Annual Report). In late April 2010, adult weevils were col-
lected from several Powell Co. locations by Montana PPQ, 
USDA Forest Service, and MSU project partners and dis-
tributed for field release in Colorado (four sites), North Da-
kota (two sites), South Dakota (two sites), and Wyoming 
(two sites). 
 

In Colorado, a caged 2009 M. janthinus release was made 
by CDA personnel in Rio Blanco Co. 2010 site visits con-
firmed stem mining activity and progeny adults, indicating 
successful establishment. In June 2010, new releases util-
izing, in part, adult weevils from the 2009 release were 
made at three additional sites in Rio Blanco Co. (two caged 
and one open releases) and at one site in Eagle Co. (caged 
release).  All releases will be monitored in 2011 to docu-
ment establishment and assess weevil population size. 
 

Rearing the yellow toadflax-adapted ‘strain’ of Mecinus 
janthinus. Colorado State U. partners conducted a green-
house-based rearing program for M. janthinus in 2009 and 
2010 (FCL 2009 Annual Report), developing effective rear-
ing protocols for the weevil and producing more than 800 
M. janthinus adults currently in cold storage. Both products 
will be used in an FCL rearing effort, which was initiated in 
late 2010. In 2011, we will scale up M. janthinus rearing on 
yellow toadflax, providing adults for field release in late 
2011 (dormant adults in stems) or in spring 2012 (active 
adults). Field collections from Montana sites are not sus-
tainable, since current M. janthinus populations are small 
and constrained by weevil-caused yellow toadflax mortality. 

Figure 2.  Jaapiella ivannikovi release cages at ARS farm (left); interior of cage showing post-release galling, June 2010, 
with yellow arrows indicating galls (right). 
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Introduction. Before classical biological control can be 
implemented against an exotic weed target, potential bio-
logical control agents must be identified, collected, studied 
for efficacy, and screened for host specificity (i.e. their risk 
to nontarget native US and crop plants assessed). This 
report summarizes the current status of research and de-
velopment efforts addressing 10 weed targets prioritized by 
PPQ. All were identified during PPQ target canvassing ef-
forts in 1997 (Russian knapweed and Canada thistle), 2000 
(field bindweed, hoary cress, and garlic mustard) and 2005 
(houndstongue, dyer’s woad, perennial pepperweed, yellow 
toadflax, and hawkweeds). This work has been conducted 
by CABI Bioscience (Delémont, Switzerland), along with 
other European and Asian cooperators. USDA-ARS is col-
laborating in pre-release research addressing hoary cress, 
Russian knapweed, and hawkweeds. CPHST Fort Collins 
funded pre-release research for the biocontrol projects de-
scribed below in 2010. 
 

Dyer’s woad, Isatis tinctoria (Brassicaceae).  Biocontrol 
research and development efforts targeting this weed be-
gan in 2005, with natural enemies surveyed in central 
Europe, Turkey, Russia, and Kazakhstan. CABI continued 
pre-release research with the three most promising pro-
spective biocontrol agents in 2010. Two of these agents 
show the ability to kill dyer’s woad plants: the root crown-
mining weevil Ceutorhynchus rusticus (Fig. 1) and the stem
-mining flea beetle Psylliodes isatidis. C. rusticus shows an 
apparently high degree of host specificity; in tests through 
2010, it has been able to complete at least limited develop-
ment on only 5 of 78 nontarget host plants tested, more 
than half of which were North American natives. P. isatidis 
appears somewhat less host-specific, as tests through 
2010 indicate that 33 of 70 nontarget plants could support 
some P. isatidis larval development in no-choice tests; non-
target utilization is much lower in choice tests. However, 
field tests documenting flea beetle attack on nontarget test 
plants may actually involve contamination by other flea bee-
tles. The third agent in development is the seed-feeding 
weevil C. peyerimhoffi. Host specificity testing with this in-
sect occurred in 2009 and 2010, and preliminary results 
indicate that it is very host-specific. Host specificity experi-
ments with all three agents will continue in 2011, with possi-
ble completion of research with C. rusticus and P. isatidis. 

Garlic mustard, Alliaria petiolata (Brassicaceae).  The 
search for potential garlic mustard biocontrol agents started 
in 1998. Host specificity tests with the most promising 
potential agent, the root-mining weevil Ceutorhynchus 
scrobicollis, were completed in 2008. These experiments 
showed that the weevil developed on only 5 of 79 plants 
studied in no-choice or host choice environments, and no 
native US plants tested were utilized. A release petition was 
submitted to the weed biocontrol Technical Advisory Group 
(TAG) in 2008, but TAG recommended in early 2009 that C. 
scrobicollis not be released in the US, primarily due to 
concerns about possible utilization of several native 
mustards that were not tested and some utilization of  
watercress (Nasturtium officinale). CABI conducted 
additional host specificity experiments in 2009 and 2010; 
hopefully, these will be completed in 2011, when the 
release petition could be resubmitted. 
 

Other potential garlic mustard agents in development in-
clude three additional Ceutorhynchus weevils, and pre-
release research continued in 2010. Host-specificity experi-
ments with two shoot-mining weevils, C. alliariae and C. 
roberti, will, hopefully, be completed in 2011 with possible 
submission of US release petitions in 2012; both agents 
seem to have very narrow host ranges. A seed-feeding 
weevil, C. constrictus, may be a useful biocontrol agent 

Pre-release research and development efforts for PPQ weed biocontrol targets: 
project updates 
CPHST STAFF:     Rich Hansen (Lead) 
CHAMPIONS:  Shaharra Usnick (PPQ WR Program Manager), Ron Weeks (PPQ ER Program Manager)  
CONTACT:    Rich Hansen (richard.w.hansen@aphis.usda.gov, 970-490-4461) 
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Figure 1.  Ceutorhynchus rusticus larvae in dyer’s woad 
root crown (CABI Europe). 
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since garlic mustard is a biennial plant reproducing only by 
seeds. C. constrictus appears quite host-specific, and pre-
release testing should be completed with 2011 experi-
ments; a petition could be submitted in late 2011 or 2012. 
 

Hoary cress, Lepidium draba (Brassicaceae). CABI is 
conducting pre-release research on four possible hoary 
cress biocontrol agents. The agent closest to completion is 
the stem-galling weevil Ceutorhynchus cardariae (Fig. 2). 
In host-specificity tests conducted from 2003 to 2010, this 
insect was able to complete development on 12 (including 7 
US natives) of 93 nontarget plants tested in no-choice ex-
periments but developed only on a single US native plant in 
lab or field choice tests. This plant is San Diego pepper-
weed, Lepidium latipes, an annual that will not sustain C. 
cardariae populations in the field. No tested crop plants 
were suitable weevil hosts. Host specificity tests will be 
completed, and a release petition submitted to TAG in 
2011. The seed-feeding weevil C. turbatus, appears to be 
the most host-specific prospective hoary cress agent. In 
experiments conducted from 2003 to 2010, this insect did 
not complete development on any native US or crop plant 
tested. Host-specificity tests with C. turbatus should also be 
completed in 2011, with possible submission of a TAG peti-
tion in 2011. C. turbatus can reduce hoary cress seed pro-
duction and spread but will not kill plants. 
 

The two remaining potential hoary cress agents are the root 
mining weevil Melanobaris sp. near semistriata and the 
shoot-mining flea beetle Psylliodes wrasei. Host-specificity 
experiments concluded in 2010 showed that both attacked 
a number of native US test plants. Thus, these insects are 
considered to have unacceptably broad host ranges, and 
will no longer be considered for US release. In 2011, addi-
tional natural enemy surveys for new potential hoary cress 
agents may be conducted in eastern Russia, Turkey, and/or 
Uzbekistan. CABI is also considering renewing pre-release 
research with another stem-mining weevil, C. merkli. 
 

Perennial pepperweed, Lepidium latifolium (Brassic-
aceae). In 2006 and 2007, CABI conducted natural enemy 
surveys in Turkey, Russia, Kazakhstan, China, and Russia 
to identify potential perennial pepperweed agents. Host 
specificity tests with three prospective insects (begun in 
2008) continued in 2010. The stem-galling weevil Ceu-
torhynchus marginellus was collected in Russia, China, and 
Kazakhstan. Successful development occurred on 5 of 32 
nontarget plants in no-choice tests, including three native 
US plants. In lab and field choice experiments, galling oc-
curred on three native plants (alkali pepperweed, L. cre-
natum; common pepperweed, L. densiflorum; Huber’s pep-
perweed, L. huberi) but these plants were attacked much 

less frequently than the target weed. Host-specificity testing 
will continue in 2011, and possible impacts of C. marginel-
lus on L. crenatum and L. huberi will also be studied. 
 

The stem-mining flea beetle Phyllotreta reitteri was col-
lected in Kazakhstan and Russia, where it kills perennial 
pepperweed stems. No-choice experiments conducted from 
2007 through 2010 show that P. reitteri completed develop-
ment on 15 of 39 plants tested to date, including limited 
development on eight native US species. However, nontar-
get plants were not attacked in lab or field host-choice 
tests.  Host-specificity tests continue in 2011. 
 

Using molecular analysis, the root-mining weevil Melanoba-
ris sp. near semistriata is distinct from the Melanobaris 
weevil on hoary cress (see previous section). Host specific-
ity experiments conducted from 2007 through 2010 show 
that this insect was unable to complete development on any 
of the more than 40 nontarget plants, including more than 
20 native US species (no-choice and host-choice tests). 
However, oviposition and limited larval feeding was ob-
served on some nontargets. Field host-choice experiments 
will continue in 2011 and a decision about whether this in-
sect is host-specific enough for US release will be made. 
 

In 2011, host specificity experiments will be initiated for two 
additional arthropods from Turkey: the gall mite Metaculus 
lepidifolii and the stem-mining fly Lasiosina deviata. 
 

Field bindweed, Convolvulus arvensis (Convolvul-
aceae). In 2009, CABI and its eastern European partners 
initiated a new field bindweed natural enemy survey, pri-
marily seeking potential root- and stem-feeding agents. The 
most promising are a shoot- and root-mining fly, Melana-
gromyza albocilia, and the root-mining flea beetles Longi-
tarsus pellucidus and L. rubiginosus. Host specificity experi-
ments with these insects will continue in 2011. 
 

Yellow toadflax, Linaria vulgaris (Scrophulariaceae).  
CABI continued pre-release research with two promising 
potential biocontrol agents in 2010: the stem-galling weevil 
Rhinusa pilosa (Fig. 3) and the stem-mining weevil Me-
cinus heydeni. Both agents appear to have significant 

Figure 2.  
Hoary cress 
stem-galling 
weevil, Ceu-
torhynchus 
cardariae, 
adult (CABI 
Europe). 
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negative impacts on yellow toadflax, including stem and 
plant mortality, and are quite host-specific. No-choice host 
specificity experiments with R. pilosa have employed 75 
nontarget plants to date, including 37 native US species.  
Oviposition and limited galling was observed on four native 
plants, with complete development rarely observed on only 
one native, Sairocarpus virga. No development occurred on 
native plants in host-choice tests. In 2011, host-specificity 
testing will finish and a petition for US field release will be 
submitted. M. heydeni has been tested on 37 plants, includ-
ing 21 native species. Complete development has been 
observed on two native plants, S. virga and Nuttallanthus 
canadensis in no-choice experiments; oviposition was re-
corded on N. canadensis in host-choice tests. M. heydeni 
host specificity experiments will continue in 2011 and may 
be completed by 2012. Because of recent taxonomic revi-
sions of the Scrophulariaceae and related families, a re-
vised host plant test list for prospective yellow and Dalma-
tian toadflax biocontrols should be completed in 2011. 
 

Houndstongue, Cynoglossum officinale (Boragin-
aceae). In 2010, pre-release research continued with the 
most promising houndstongue biocontrol agent, the seed-
feeding weevil Mogulones borraginis. This weevil appears 
to be the most host-specific houndstongue agent, and is 
able to reduce seed production by up to 50%. In 2010, 
CABI completed feeding tests with the seed weevil and 
critical native plant Cynoglossum grande (Pacific hound-
stongue); no oviposition or feeding were observed on this 
native plant in host choice experiments. We anticipate sub-
mission of a US release petition in 2011. 
 

Russian knapweed, Acroptilon repens (Asteraceae).  
Work on possible new agents continued in 2010. The bud 
gall mite Aceria sp. near acroptilonica appears to be a host-
specific agent that affects shoot tips and flower buds, stunt-
ing shoots and reducing flower and seed production. In 
2010, field host-choice tests were conducted in Iran with 
European and Asian nontarget plants; no galling occurred 
on any plants aside from A. repens. Host-specificity experi-
ments using North American plants will be conducted in 
2011, and ongoing molecular analyses will hopefully be 
completed to allow positive identification of this mite. Host-
range testing with a leaf-feeding beetle, Galeruca sp., from 
Uzbekistan was initiated in 2010. Initial results suggest that 

possible nontarget hosts may include only Centaurea spp. 
and Saussurea spp. In 2011, experiments will expand to 
include North American plants, especially native Centaurea. 
 

In 2010, CABI suspended pre-release research with root-
boring moth Cochylimorpha nomadana, a potentially effec-
tive agent that is very difficult to work with in the lab or in 
the field. CABI is also considering a new Russian knap-
weed natural enemy survey in western Iran in 2011. 
 

Hawkweeds, Pilosella spp. (Asteraceae). Orange hawk-
weed (Pilosella aurantiaca) and meadow hawkweed (P. 
caespitosa) are the two primary exotic hawkweeds in the 
US that are targets for biocontrol agents. The bud gall wasp 
Aulacidea subterminalis was approved for US field release 
in late 2010, the first permitted hawkweed biocontrol agent; 
hopefully, US releases can begin in 2011. Host specificity 
testing continued with the stem-mining fly Cheilosia psi-
lophthalma in 2010, and will continue in 2011. Host speci-
ficity experiments with the root-mining fly C. urbana contin-
ued in 2010. To date, 63 nontarget plants, including 36 na-
tive North American species have been tested; several na-
tive Hieracium hawkweeds supported limited development. 
A release petition may be submitted to TAG in 2011. How-
ever, pre-release research with a fourth prospective biocon-
trol agent, the stem gall wasp Aulacidea hieracii, was termi-
nated after 2010 experiments confirmed utilization of native 
US hawkweeds (Hieracium sp.) and logistic difficulties in 
rearing and testing this insect. 
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Figure 3.  Stem galls on yellow toadflax induced by 
Rhinusa pilosa (CABI Europe). 
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Perennial pepperweed, an introduced mustard (family Bras-
sicaceae) from southeast Europe and Asia, is invasive 
throughout the western United States. It can establish in a 
wide range of habitats and can rapidly form large, dense 
stands that displace desirable vegetation.  
 

Current studies focus on herbicides for pepperweed control. 
Several postemergent herbicides control perennial pepper-
weed, but multiple applications are common over several 
years to treat resprouting shoots and seedlings. Although 
there is an active program to find biological controls for 
perennial pepperweed, there are currently none available. 
Beacause it is in the same plant family as mustard and ca-
nola, there is concern that a biocontrol insect or pathogen 
would attack an agricultural crop.  
 

A white rust disease, characterized by white pustules (Fig. 
1) containing sporangia on the underside of the leaves, has 
been identified on perennial pepperweed plants across the 
United States, especially during wet years. Some reports 
state that this Albugo reduces seed set and number while 
others report that this white rust provides little or no control.  
 

 

The primary goal of this project was to evaluate the efficacy 
of white rust on perennial pepperweed and to survey for 
other endemic pathogens of the weed in Colorado and 
Wyoming at a number of field sites. Determining which 
natural enemies are already present in the United States 
and assessing their current and potential impact on the 
target weed is a logical first step in developing biological 
control as a viable management option. Of the eleven races 
of Albugo candida reported to cause white rust on a range 
of hosts within the Brassicaceae in North America, there 
have not been reports on which race causes white rust of 
pepperweed. A second goal of this project involved a race 
determination of the Albugo candida on pepperweed and 
comparison with the races that cause disease on mustard 
and canola using a host differential. 
 

CPHST Ft. Collins, in collaboration the University of Califor-
nia, collected isolates of Albugo candida from perennial 
pepperweed in Colorado and California. Results of the host 
differential inoculation studies indicated that CO and CA 
isolates of the pathogen may constitute a new race be-
cause they did not conform with results for the 11 known 
races of A. candida occurring on weeds and crop species in 
the United States.   
 

Native and invasive Lepidium species, crop species, and 
other species within the Brassicacae were grown to begin 
the preliminary stages of host specificity testing for this 
pathogen in 2010. Both CO and CA isolates showed a 
slightly different, narrow host range. The Colorado isolate 
infected four hosts in addition to perennial pepperweed; 
Iberis umbellata, L. ruderale, L. sativum, and Stanleya pin-
nata. The California isolate infected these four hosts but 
also caused disease in L. campestre, L. draba, and Thely-
podium integrifolium. 
 

ITS sequencing is currently being conducted on the isolates 
from California and Colorado and a disease report to be 
published in Plant Disease is in progress. 
 

Survey for white rust (Albugo candida) and other natural enemies of perennial 
pepperweed (Lepidium latifolium) 
CPHST STAFF:   Melinda Sullivan (Lead), Christina Southwick (Support) 
CHAMPIONS:   Shaharra Usnick (PPQ WR Program Manager, Biological Control)  
CONTACT:    Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

Figure 1. White rust pustules on 
perennial pepperweed. 
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setosum rather than C. arvense. Leaf samples were col-
lected to confirm this using molecular analyses. 
 

In 2010, a survey for fungal pathogens on C. arvense was 
conducted in northwestern China. All material is currently 
being identified and assessed for its biocontrol potential. 
Thus far, a number of leaf-attacking fungal pathogens have 
been identified: powdery mildew, Septoria spp., Phoma 
spp., Alternaria spp., and Puccinia cf. punctiformis. Despite 
reports that up to four rust species occur on C. arvense in 
Xinjiang Province, initial findings suggest that only one spe-
cies, the systemic rust Puccinia cf. punctiformis, is actually 
present. The other rust species may be synonyms or on 
closely related but misidentified thistle hosts. Since this spe-
cies is already present in North America (accidentally intro-
duced), its potential as a classical biological agent is limited 
unless more aggressive strains can be identified.  
 

A promising pathogen is a white rust, Albugo tragopogonis 
(Fig. 1). Although this pathogen has been reported as oc-
curring in the United States on sunflower, different varieties 
and physiological races of this fungus have been reported in 
the literature. Further studies are needed to ascertain if the 
Chinese pathogen is a different variety or race than that 
occurring in the United States. Field observations suggest 
that it could be highly specific and damaging to C. arvense. 
Inoculation tests on different Cirsium origins (China, USA) 
have been started and the U.S. biotypes of C. arvense have 
shown high susceptibility.  

Canada thistle (Cirsium arvense), exotic to North America, 
Australia, New Zealand and South Africa, is an aggressive 
perennial weed that competes with other plants for water, 
nutrients, and space and reduces the grazing capacity and 
diversity of rangeland and natural areas. C. arvense is a 
listed noxious weed in at least 28 states and is the most 
frequently-listed weed in the United States. A variety of 
herbicides are currently labeled for use against C. arvense 
but are not effective for non-agricultural use due to logistical 
concerns, environmental concerns, and the perennial 
growth habit of Canada thistle. 
 

Biological control is currently being investigated as part of 
an integrated pest management program for Canada this-
tle. The search for natural enemies of Canada thistle has 
focused on Europe, the reported center of origin of C. ar-
vense. However, evidence suggests that the range of C. 
arvense may be broader than originally thought, reaching 
into North Africa and western Asia. Indeed, recent surveys 
undertaken in China have revealed the occurrence of a 
wealth of natural enemies (both arthropods and patho-
gens), some as yet to be considered for classical biological 
control. C. arvense is considered to be at most an occa-
sional problem weed in China and northern India. This indi-
cates that these eastern regions may be an important cen-
ter of diversity of the species, and that it could prove valu-
able to investigate the potential of new agents that occur 
there. Several arthropods have been introduced into the 
United States but their success on Canada thistle has been 
extremely variable from year to year and largely unsuccess-
ful. No plant pathogen agents have been deliberately intro-
duced, although a number of pathogens have been re-
corded from its native and introduced range. 
 

In 2009, CPHST Ft. Collins initiated efforts to survey for 
and assess the efficacy of plant pathogens attacking Can-
ada thistle in collaboration with CABI Europe-Switzerland. 
CABI and its partners proposed pathogen surveys in the 
Xinjiang Autonomous Region of northwestern China in the 
summer of 2009; this region supports a diverse Cirsium 
flora and is climatically similar to much of the continental 
United States. Political unrest in Xinjiang, however,  pre-
cluded access. Instead, 22 sites in western Mongolia were 
surveyed. A variety of pathogens were collected, but it ap-
pears that the Mongolian hosts were the closely-related C. 

Survey for natural enemies of Canada thistle (Cirsium arvense)  
CPHST STAFF:  Melinda Sullivan (Lead), Christina Southwick (Support) 
CHAMPIONS:  Shaharra Usnick (PPQ WR Program Manager Biological Control), 
  Ron Weeks (PPQ ER Program Manager Biological Control) 
CONTACT:   Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

Figure 1. White rust pustules of A. tragopogonis on  
Canada Thistle. Photos courtesy of CABI. 
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Updates on the chemical and cultural control of invasive weeds 
CPHST STAFF:  Craig Ramsey (Lead) 
CHAMPIONS:       Al Tasker (PPQ National Noxious Weed Program Manager), 
                              Anthony Man-Son-Hing (PPQ ER Noxious Weed Program Manager), 
 Shaharra Usnick (PPQ WR Noxious Weed Program Manager)  
CONTACT:    Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

At 12 MAT there was a 92% reduction in YTF stem density 
when applying the mix of MAT-28 + Telar.  Both the che-
lated iron rates and sprayer type had significant effects on 
stem density. Chelated iron added to this herbicide mix had 
a weaker effect on YTF when using the magnetic sprayer. 
This may be due to a partial inactivation of these weak acid 
herbicides when they were in solution with the magnetically 
charged chelated iron molecules.  It is well established that 
cations (Ca+, Fe++) in water will deactivate glyphosate, an-
other weak acid herbicide. The highest control occurred 
when the iron fertilizer was not added to the herbicide mix 
(blue bars, Fig. 2). 

Leafy spurge (Euphorbia esula) – 2009 field study 
Leafy spurge is a widespread invasive weed in the western 
US. An herbicide/adjuvant field study was conducted in July 
2009 in Fort Collins, CO to determine the effects of  two 
sprayer types (magnetic/non-magnetic) and four adjuvant 
combinations on leafy spurge. The herbicide (DuPont com-
pound KJM-44) was a applied at 1.0 oz/ac, and the adju-
vant treatements were methylated seed oil (MSO) at 2% 
and MSO + organosilicone surfactant (2%, Phase II) com-
bined with and without chelated iron (10%).  
 

At 14.5 MAT there was a 91% reduction in leafy spurge 
stem density when KJM-44 at 1.0 oz/ac was applied. Stem 
density averaged 32 and 25 stems/m2 in 2009 and 2010, 
respectively, for the control plots and 2.2 stems/m2 when 
averaged across all herbicide/adjuvant treatments. Neither 
the spray system nor any of the adjuvants had a statistical 
effect (high variation, Fig. 3) on leafy spurge stem density. 
 

Common tansy (Tanacetum vulgare) – 2009 field study 
Common tansy is an invasive perennial forb that has in-
fested approximately 125,000 acres in South Dakota. An 
herbicide field study was installed in July 2009 at Terry 
Peak Ski Resort in Lead, SD to evaluate the efficacy of  
Escort on tansy with 11 different treatments. The study fac-
tors included two methylated oil rates, three chelated iron 
fertilizer rates, and two spray systems (magnetic and non-
magnetic sprayers). Escort was applied at 0.75 oz/ac for all 
spray applications.    
 

At 12 months after treatment (MAT) there was a 99% re-
duction in stem density. The three study factors (oil rates, 
fertilizer rates and the spray systems) did not have any 
statistical effect on common tansy. Average stem density 
was 86 and 1 stems/m2 for the control plots and all Escort 
treated plots, respectively (Fig. 1).    

Yellow toadflax (Linaria vulgaris) – 2009 field study 
Yellow toadflax (YTF) is an invasive forb in many states. 
Previous herbicide research reveals that YTF is difficult to 
control, potentially due to its diverse genetic profile. An her-
bicide study was installed in Eureka, South Dakota, in July 
2009, at Ordway Prairie (The Nature Conservancy) to de-
termine the efficacy of a single herbicide mixed with  three 
methylated oil and chelated iron rates and two spray sys-
tems (magnetic/non-magnetic). The mix consisted of MAT-
28 (DuPont, 3.76 oz/ac) combined with Telar (1.0 oz/ac). 
 

Figure 1. Common tansy stem density, 12 MAT with and 
without magnets and three chelated iron  levels. Overlapping 
error bars = no difference between the means. 

Figure 2. YTF 
density at 12 
MAT. The test 
used a CO2 back-
pack boom 
sprayer (with and 
without hollow 
magnets in spray 
lines) to apply 
three chelated 
iron fertilizer 
adjuvant treat-
ments. 
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Cogongrass (Imperata cylindrica) 2010 field study  
Cogongrass is a federal noxious weed that infests much of 
the southeastern US. An herbicide field study was con-
ducted near Pensacola, FL in June, 2010 to test a generic 
glyphosate formulation (Makaze) applied at 1% (v/v), or 
12.8 oz/ac, with an air assisted backpack sprayer. The 
study factors included three chelated iron additions (0, 5, 
and 10% ), and two sprayer types (with/without magnets).  
 

At five MAT there was a 66% overall reduction in the per-
cent live cogongrass cover when comparing the magnetic 
sprayer to the non-magnetic sprayer (Fig. 4).  This analysis 
only compared two treatments (sprayer with/without mag-
nets) for Makaze (1%), without the chelated iron fertilizer.  
The increase in cogongrass cover for both the magnetic 
and non-magnetic sprayers as the iron fertilizer concentra-
tion increased is evidence of the deactivation of glyphosate 

as it attaches to the chelated iron molecules (Fig. 5). 
Benghal dayflower (Commelina benghalensis) soil   
fumigation/biocide study  
Benghal dayflower (BDF) is a federal noxious weed that is 
invasive in cotton, corn and peanut crops in the southeast-

ern US. It is resistant to glyphosate which is used for weed 
control in all RoundUp Ready® crops. A field study was 
installed at the U. of Florida, W. Florida Research and Edu-
cation Center (Jay, FL) in July 2010 to determine the ef-
fects of soil fumigants on BDF seed germination rates. The 
study included five soil fumigation/biocide treatments plus 
control plots. BDF stem density was collected at 50 and 86 
days after treatment (DAT), and percent control for three 
weed species was collected at 94 DAT as well. 
 

Methyl bromide and Midas, had 99% and 94% BDF control, 
respectively, at 94 DAT. Vapam and Basamid 82% and 
71% control, respectively, while SEP-100 had 43% control 
(Fig. 6).  SEP-100 is a research product that is not currently 
registered with EPA. Rainfall from April to November 2010 
was 39 inches at the study site. The combination of high 
rainfall and sandy loam soils most likely accelerated the 
leaching process for several treatments. This study will be 
repeated in 2011 to determine BDF seedbank control 
across two years. A series of chemigation plots may also 
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Figure 3. Leafy 
spurge stem den-
sity for CO2 back-
p a c k  b o o m 
sprayer with and 
without magnets, 
and four adjuvant 
treatments. Note 
the overlapping 
error bars for each 
of the treatment 
means. 

Figure 5. Percent live cogongrass cover five MAT for the 
air assisted backpack sprayer with and without magnets 
and three chelated iron concentrations. Note that when che-
lated iron fertilizer was added to the glyphosate solution 
there was an increase in cogongrass cover. 

Figure 6. BDF control, 94 DAT, for six treatments. 

Figure 4. Percent live cogongrass cover five MAT for an 
air assisted backpack sprayer with and without magnets in 
spray lines, with Makaze applied alone. 



WEED MANAGEMENT 
be established to determine BDF seedbank control for soil 
biocides with labels allowing drip irrigation. 
Giant hogweed (Heracleum mantegazzianum) study 
Giant hogweed is a federal noxious weed, and is also a 
target species for APHIS-PPQ. An herbicide field study was 
installed near Bangor, ME in July, 2010 to determine the 
efficacy of three herbicide applications on individual giant 
hogweed stems. The herbicides were Milestone VM (0.5%) 
mixed with either Liberate or MSO with lecithin, and Mile-
stone Plus (6%) mixed with Liberate. The number of stems 
and plant height were evaluated in Sept. 2010. 
 

Milestone Plus is a formulation of aminopyralid and triclopyr 
(1.15% and 11.63% ai, respectively), while Milestone VM is 
only an aminopyralid formulation.  Milestone Plus controlled 
nearly all the stems on each of the treated plants at 2.5 
MAT. In contrast Milestone VM provided little control at 2.5 
MAT (Fig. 7). It appears that triclopyr in Milestone Plus 
increased the efficacy against giant hogweed. Plants were 
sprayed with and without flower heads to determine if the 
foliar applications may prevent seed maturation. Each plant 

was pinned with a 6” plastic tassel to monitor plants for 
regrowth during the first and second growing season. 
 
Onionweed (Asphodelus fistulosus) seed toxicity study 
An Australian study revealed that honeybee pollen from A. 
fistulosus flowers had very high potassium concentrations. 
High levels of potassium in the blood can cause hyper-
kalemia, which could lead to an irregular heart beat, or 
even fatal arrhythmias. To validate the results from the Aus-
trailan study onionweed flowers and seeds were collected 
from a site in Tombstone, AZ. The plant material, along with 
five other species, was analyzed at the Soil, Water, Plant 
Testing Lab at Colorado State U. The onionweed seeds 
and flower stamans had an average potassium concentra-
tion of 3,795 ppm and 2,785 ppm, respectively, from a com-
posite sample. The potassium levels for the five other spe-
cies were: peanut (4,269 ppm), watermelon (2,436 ppm), 
lima beans (9,343 ppm), sweet corn (3,602 ppm), and but-
ternut squash (5,122 ppm). These results do not confirm 
the Australian findings.  Also, these results indicate that 

onionweed pollen does not pose a health risk to wildlife, 
including bees or birds that may eat the seeds.   
GIS invasive weed mapping 
Many invasive plant species are perennials that spread 
vegetatively (rhizomes, stolons, etc.), and patch spread 
rates are a primary variable in impact analyses of invasive-
ness. The objective of this study is to develop a spatial da-
tabase for several invasive plant species and estimate pe-
rimeter spread rates over time. The perimeter of each patch 
was measured with a Trimble GeoExplorer XH GPS unit 
with an accuracy of 20–30 cm. Estimates for patch growth 
rates were calculated based on two GPS measurements 
and converted to daily growth rates (ft2/d). 
 

This project involved 10 – 12 species in seven states meas-
ured over 2 - 4 years; for this report only information on 
Canada thistle (Cirsium arvense), leafy spurge (Euphorbia 
esula), yellow toadflax (Linaria vulgaris, Fig. 8), and Rus-
sian knapweed (Centaurea repens) will be reported. The 
estimated daily patch spread rates were 5.6, 0.9, 1.1, and 
1.2 ft2/day for Canada thistle, leafy spurge, yellow toadflax, 
and Russian knapweed, respectively. Patch spread rates 
have ranged from a high of 52.9 ft2/day a for Canada thistle 
patch that was invading an empty irrigation pond to nega-
tive spread rates. Seven patches (out of 50) had negative 
spread rates. These patches were either disturbed by mow-

Figure 7. Number 
of giant hogweed 
stems that re-
mained alive after 
spraying multi-
stem, individual 
plants with Mile-
stone VM and 
Milestone Plus, at 
2.5 MAT. 

Figure 8. GIS map of five yellow toadflax patches  
located in Eurka, SD. Each colored outline represents  
a different year.  

2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT                           PAGE 28           



Current decontamination issues within APHIS-PPQ include; 
control of potato cyst nematodes on farm machinery, fire 
ant control on construction machinery and cargo contain-
ers, and Phytophthora ramorum control on nursery equip-
ment and greenhouses. Preliminary studies revealed that 
chlorine dioxide is an excellent biocide for bacteria and 
fungi and is relatively safe to apply on plant foliage. A 
greenhouse study was conducted to determine the foliar 
effects of 19 ClO2 formulations on soybean, iron-clay cow-
pea, and lablab beans (all in the family Fabaceae). Study 
factors included three surfactants (dry, EA, and Sarc), three 
ClO2 concentrations (200, 500, and 800 ppm), and two salt 
bases (NaCl or KCl) for the ClO2 formulations. The overall 
goal of this study was to determine if ClO2 foliar applica-
tions could be used to disinfect nursery stock that do not 
have internal P. ramorum, but may harbor external fungal 
structures on their foliage.   
 

Five or nine week old legumes were foliar treated with ClO2 
formulations once a week for two weeks, allowed to recover 
20 days, and then sprayed again once a week for two 
weeks. Foliar injury at the end of the 7 weeks ranged from 
complete loss of foliage to slight tissue necrosis. The for-
mulation with the least injury was ClO2 (200 ppm) derived 
from a KCl salt and mixed with a sarcosinate surfactant 
(0.2%).  Foliar injury increased with increasing ClO2 rates. 
The 9 week old soybean plants had much less injury than 
the five week old lablab beans or iron clay cowpea plants. 
Gas exchange results show that photosynthesis and 
stomatal conductance were higher for the best ClO2 treat-
ments when compared to the untreated plants (Fig. 1).  

Visual assessments indicate that at least one or two ClO2 
treatments appeared to have healthier foliage than the un-
treated plants. Leaf area and foliar biomass were not differ-
ent among the three ClO2 concentrations (Figs. 2 and 3). 
The foliar oxidant applications may either enhance disease 
resistance or physiological function, which will be investi-
gated in a refined study this coming summer 2011.  

Figure 1.  Stomatal 
conductance means for 
three ClO2 concentra-
tions after four applica-
tions. Five leaf read-
ings were taken each 
from two lablab bean 
plants. Overlapping 
error bars indicate no 
statistical difference 
among treatments. 

Figure 2. Specific 
leaf area means for 
three ClO2 concen-
trations after four 
applications.  Re-
duced values indi-
cate that leaves are 
thicker, responding 
to stress. Overlap-
ping error bars indi-
cate no statistical 
difference.    

Figure 3. Foliar biomass means for three ClO2 concentra-
tions after 4 applications. Overlapping error bars indicate 
no statistical difference. 

A preliminary study for P. ramorum disinfection of nursery plants with chlorine dioxide 
CPHST STAFF:  Craig Ramsey (Lead) 
CHAMPIONS:    Gordon Gordh (PPQ National Science Advisor) 
CONTACT:    Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 
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The US imports more than $40 billion worth of agricultural 
commodities annually. There are 327 federally regulated 
ports and border stations and 430,000 people traveling into 
the USA each day. Currently, waste disposal or chemical 
decontamination at these ports and border stations is a 
disjointed mesh of federal, regional, and local programs 
and technologies. The primary method of disposal for regu-
lated waste is incineration. The cost of regulated airline 
waste incineration at international airports was about 
$2,600 per ton, or $1.30 per lb (2009). Other methods of 
waste disposal that may be more cost effective were con-
ducted by the Fort Collins lab. Two machines used by hos-
pitals and research labs were tested; a shredder/steamer 
(Fig. 1) and chemical digester equipment manufactured by 
BioSAFE Engineering (Fig. 2). 
 

Both the STI steam and digester tests involved a plant seed 
devitalization test, and a microbial efficacy test that was 
analyzed by a private lab. The STI steam and digester test 
resulted in complete devitalization of 1,500 seeds. The 
greenhouse seed germination rates were 0% and 36% for 
steam treated and control seeds, respectively. The STI 
microbial efficacy test revealed that untreated hay con-
tained 7 log Colony Forming Units (CFU). Following ap-
proximately 30 minutes of steam treatment, there was a 6 
log CFU reduction for about 60 – 80 lbs of hay. The di-
gester reduced the 245 lbs of research animal waste used 
in this study to a sterile, non-infectious, hydrocarbon liquid. 

Methods development for waste disposal at U.S. ports and border stations 
CPHST STAFF:  Craig Ramsey (Lead) 
CHAMPIONS:    Gordon Gordh (PPQ National Science Advisor) 
CONTACT:    Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

Figures 1 and 2. 
Photo of STI shed-
der/steam medical 
waste disposal sys-
tem (above), and 
alkaline chemical 
digester system 
(right).   
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Experimental methods development for invasive plants 
CPHST STAFF:   Sharon Talley (Lead), Craig Ramsey (Lead), Shiloh McCollum (Support) 
CHAMPIONS:   Gordon Gordh (PPQ National Science Advisor), 
   Alan Tasker (PPQ National Noxious Weed Program Manager), 
   Anthony Man-Son-Hing (PPQ ER Domestic Program Manager) 
CONTACT:    Sharon Talley (sharon.m.talley@aphis.usda.gov, 970-490-4470) 

 

With Colorado State U. cooperators, we conducted PINT 
comparisons in the greenhouse using 12 taxa. We paired 
Commelina benghalensis (Bengal Dayflower) to C. coeles-
tis (Blue Spiderwort), Amaranthus spinosus (Spiny Ama-
ranth) to A. hypochondriacus (Prince of Wales Feather),  
Abutilon theophrasti (Velvetleaf) to A. palmeri (Palmer’s 
Mallow), Tanacetum vulgare (Common Tansy) to T. ciner-
ariifolium (Dalmatian pyrethrum), Oplismenus hirtellus 
subsp. undulatifolius (Wavyleaf Basketgrass) to O. hirtellus 
subsp. setarius (Shortleaf Basketgrass), and Bromus tecto-
rum (Cheatgrass) to B. carinatus (California Brome). We 
recorded seed dormancy mechanisms, germination rates, 
plant height, plant width, number and width of leaves, leaf 
area (Fig. 1), and root and shoot dry weights.   
 

Several traits were consistent with invasive behavior: seed 
dormancy, accelerated plant growth, aggressive spread, 
and early reproductive output. Invasive taxa were more 
difficult and took longer to germinate than non-invasive 
taxa. Invasives had more complex dormancy mechanisms 
and required more treatments to induce germination. 
These complex seed dormancy mechanisms may allow 
invasive species to germinate only when conditions are 
favorable, giving them 
advantages over non-
invasives. We also 
found that invasives 
produce more leaves, 
and spread and repro-
duce more quickly and 
abundantly than non-
invasives. Our results 
demonstrate that ag-
gressive spread, rela-
t i ve ly  acce lera ted 
growth rates, and in-
creased reproductive 
effort are indicative of 
invasive behavior. PINT 
comparisons are critical 
for providing information about the invasive potential of 
plant taxa and provides a tool to remove plants from the 
“further evaluate” category. 
 
 

The Invasive Plant Ecology Program develops up-to-date, 
cost effective, and scientifically sound methodologies to 
evaluate the invasive potential of plants. Before a plant 
taxon can be considered for federal regulation, substantial 
evidence that it has the potential to invade and impact 
natural and agro-ecosystems is necessary; such supportive 
information is not always readily available. Gaps in knowl-
edge require experimental investigations and expert opin-
ion. Our Invasive Plant Ecology Program fills these gaps 
about invasive plants for regulatory and control purposes. 
 

Invasive plants cause substantial harm to both natural and 
agro-ecosystems, costing the US an estimated $34.5 billion 
annually; these costs are expected to rise with an increase 
number of invasions (Pimentel et al., 2005). To keep pace 
with the growing threat of invasive plant introductions, PPQ 
is revising our Quarantine 37 regulation (7 CFR 319.37) 
such that plants with an unknown invasive history will be 
placed on the Plants Not Authorized Pending Plant Risk 
Analyses (NAPPRA) list.  Plants on the NAPPRA list will be 
evaluated by a new Weed Risk Assessment (WRA) system 
from the Plant Epidemiology and Risk Analysis Laboratory. 
This new WRA is modeled after traditional systems which 
rely only on information currently available. Given the 
dearth of information on many plant species, this will likely 
cause many plants to fall into the “further evaluate” cate-
gory. Currently no methodology exists to remove plants 
from this category, so the Invasive Plant Ecology Program 
is developing experimental methods to evaluate the inva-
sive potential of plants needing further evaluation.  
 

Paired Invasive and Non-invasive Taxa (PINT) 
We developed a methodology to identify invasive traits by 
comparing the seed dormancy, growth, and reproductive 
characteristics of closely-related Paired Invasive and Non-
invasive Taxa (PINT). PINT will help evaluate plants with 
an unknown invasive potential by comparing them to 
closely-related invasives and non-invasives. For noninva-
sive counterparts, we select a closely-related, introduced, 
non-invasive plant when one is available. When one is not, 
we select a native that has no evidence of invasive behav-
ior. Care is taken in selecting natives for comparisons; a 
native may appear benign in its own environment, but may 
become invasive when placed elsewhere. To avoid this, we 
choose taxa that are widely available commercially but do 
not have an invasive history. 

INVASIVE PLANT ECOLOGY PROGRAM 
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Figure 1. Measuring Leaf Area.  



Competition Experiment Using Basketgrasses 
Oplismenus hirtellus subsp. undulatifolius (OHU) is a shade 
tolerant grass recently discovered invading forest under-
story in the eastern US. Little is known about its biology, yet 
this information is necessary to prevent its spread and po-
tential re-introductions. OHU is closely related to three taxa 
found in the US; the non-invasive, introduced O. hirtellus 
subsp. varigatus (OHV) and natives O. hirtellus subsp. se-
tarius (OHS) and O. hirtellus subsp. fascicularis. OHU and 
OHS occupy similar niches and OHS and is quickly spread-
ing toward the natural distribution of OHS. It is unknown 
whether OHU can displace OHS.   
 

To address differences in competitive ability among basket-
grass subspecies and to elucidate the biology of OHU, we 
are conducting growth and competition trials in the green-
house. First, we vegetatively propagated them in aeroponic 
systems. The cuttings were randomly assigned to one of 
four treatments: full sun with 5-azacytidine, shaded with 5-
azacytidine, full sun only, and shade only. 5-azacytidine 
randomly desilences gene expression that may have been 
suppressed through epigenetic inheritance. After the cut-
tings sprouted roots, they were transferred to flats with soil. 
Each flat was partitioned into 6 sections with each section 
being assigned one plant (Fig. 2). Two plants of each taxon 
were arranged in each flat so that the same taxon was 
never directly adjacent to itself.  Second, we evaluated ger-
mination rates of the OHU and OHS and then staggered 
the seedlings into flats partitioned into 6 sections.  We are 
collecting data on growth, spread rates, reproductive suc-
cess, and the ability to displace other taxa in sun and shade 
conditions (Fig. 3).   
 

Potential for a Widespread Horticultural Cultivar to 
Breed with a Federal Noxious Weed 
 

With the help of cooperators, the Invasive Plant Ecology 
Program is investigating whether the wide-spread cultivar 
Imperata cylindrica var. koenigii (Japanese blood grass; 

JBG) can cross and produce viable progeny with the listed 
FNW cogongrass (I. cylindrica). Cogongrass is one of the 
world’s worst weeds and poses a serious threat to agricul-
ture and natural resources (MacDonald, 2004). Cogongrass 
is an obligate outcrosser and its seed is wind dispersed, 
spreading over wide distances. JBG has a slightly different 
genotype and is more cold and shade tolerant than cogon-
grass. If JBG and cogangrass interbreed, the hardiness 
attributes of JBG could help expand the distribution and 
aggressiveness of cogongrass. Currently, JBG is prohibited 
in states where there are major cogongrass infestations. 
However, preventing the two varieties from comingling can 
prove more difficult as cogongrass and JBG expand their 
distributions. JBG is a red-leafed ornamental grass that 
often reverts to a green aggressive form that is almost in-
distinguishable from wildtype cogongrass. Federal permits 
have been issued for the cultivar JBG because it is a highly 
prized ornamental and was believed to be incapable of pro-
ducing seed. New evidence shows that JBG grass can pro-
duce flowers and viable seeds. Chromosome staining of the 
pollen, as well as crosses between JBG and cogongrass, 
will be conducted to measure fertility of the cultivar and 
determine whether it can produce viable offspring with 
cogongrass. Application of this project can have substantial 
rewards by preventing the spread of I. cylindrica that re-
duces the yield and quality of natural resources and crops. 
This project will provide critical information to support 
PPQ’s FNW program in the regulation of JBG. 
 

References 
MacDonald, G.E. 2004. Cogongrass (Imperata cylindrica) - Biology, 
Ecology and Management. Critical Reviews in Plant Sciences 22:369-
380 (Invited paper). 
 

Pimentel, D., R. Zuniga and D. Morrison. 2005. Update on the environ-
mental and economic costs associated with alien species in the United 
States. Ecological Economics 52: 273–288. 

Figure 2. Flats with cuttings of OHU, OHS, and OHV.    

Figure 3. Competition experiment showing replicated flats 
in shade and sun. 
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The Plant Molecular Biology Program is developing and 
applying molecular diagnostic technology (MDT) to provide 
essential information about plants for regulatory purposes. 
APHIS-PPQ enforces regulation that prohibits a number of 
plant and plant products including certain commodities 
(carriers of plant pests), threatened and endangered plants, 
parasitic plants, and listed federal noxious weeds (FNW). 
MDTs provide an accurate, cost-effective and reliable 
means to identify prohibited plants and plant material during 
inspections and survey activities. Plant MDT can also help 
support a number of other APHIS-PPQ strategic goals and 
objectives such as facilitating early detection and surveil-
lance in the field, screening imports for contaminants, veri-
fying the pathway and origin of prohibited plant material, 
and establishing the identity of an ambiguous plant taxon. 
Plant identification through MDT is critical in support PPQ’s 
safeguarding goals to protect our plant resources against 
the accidental importation of FNW, prohibited plant com-
modities that are hosts of plant pests, and threatened or 
endangered species. 
 

One of the most practical applications for plant MDT is to 
identify plants that are too difficult to identify with conven-
tional morphological methods. A number of prohibited 
plants (e.g., grasses) are inherently difficult to discriminate 
from each other due to a lack of distinguishing features. 
Many other taxa present problems when only incomplete, 
damaged, processed or immature specimens are available. 
Such less than ideal samples are commonly encountered at 
ports and in the field, yet these require unambiguous identi-
fication for regulatory action. Many imported plants for 
planting enter the US in life forms (e.g. seeds, cuttings, and 
dormant plants) that lack structures that are required for a 
positive identification. Likewise, some endangered plants, 
particularly those used in herbal medicine (regulated under 
CITES and the Lacey Act) enter the US in a highly proc-
essed form and are visually unidentifiable. Seeds also pre-
sent unique challenges because they can be extremely 
small, contaminate imports and equipment (e.g., spices, 
produce, packaging, cargo air vents, and seeds for plant-
ing), and receive damage to morphological characteristics 
on the surface during transport and handling. Immature 
plants also sometimes lack distinguishing structures and 
are an important target for survey and control programs. 

Under these circumstances, MDTs (such as plant DNA fin-
gerprinting) are crucial for inspection and survey activities 
that aim to prevent the importation and movement of pro-
hibited plants. The Plant Molecular Biology Program devel-
ops and optimizes plant MDTs so the identification is 
straightforward, cost-effective, and accurate. 
 

Guidelines to Develop Cost-effective Molecular  
Methods for Plant Identification 
The Plant Molecular Biology Program developed guidelines 
to provide direction for the development of cost-effective 
and reliable plant diagnostic tools. These guidelines include 
comprehensive strategies, pitfalls, and case studies that 
specify the most up-to-date, accurate, reproducible, and 
cost-effective molecular methodologies. Some strategies 
and pitfalls that are covered include: which types of molecu-
lar analyses provide the most reliable and cost-effective 
results; which nuclear and plastid DNA regions are best for 
fingerprinting; what are the limitations of specific DNA re-
gions; how does one mine nucleotide databases and the 
literature for quality sequences; which plant tissues are best 
for DNA extraction (Fig. 1); how does one avoid DNA con-
tamination; how to store plant material; how  to extract and 
amplify plant DNA (Fig. 2), and how to analyze the se-
quences derived from PCR products. We included three 
case studies on the development of MDT to distinguish 

between taxa. These 
case studies provide 
step-by-step molecular 
methods with control 
measures and a trouble-
shooting guide. These 
guidelines also include 
cost-saving modifica-
tions when large num-
bers of specimens re-
quire molecular ap-
proaches for high-
throughput identification.  
 

In 2011 we will enhance 
these guidelines and the 
transfer of MDT through 
peer-reviewed video 
documentation; this for-
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Molecular diagnostic technology for plants 
CPHST STAFF:   Sharon Talley (Lead), Shiloh McCollum (Support) 
CHAMPIONS:   Gordon Gordh (PPQ National Science Advisor), 
   Alan Tasker (PPQ, National Noxious Weed Program Manager), 
   Anthony Man-Son-Hing (PPQ ER Domestic Program Manager) 
CONTACT:    Sharon Talley (sharon.m.talley@aphis.usda.gov, 970-490-4470) 

Figure 1. Shiloh McCollum 
aseptically collecting leaf speci-
mens for DNA extraction. 
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mat that will greatly 
facilitate the rapid 
transfer, understand-
ing and accuracy of 
these technical mo-
lecular methods that 
cannot be captured 
through written text 
and static figures. 
Video documentation 
of laboratory proce-
dures provides an 
effective and user-
friendly means to in-
crease the consis-
tency, reproducibility, 
efficiency, and trans-
parency of technical 
methods.  

 

Genotyping to Distinguish Subspecies of Oplismenus 
The Plant Molecular Biology Program has developed a 
genotyping method to help confirm the identity of Oplis-
menus hirtellus subsp. undulatifolius (OHU), a shade toler-
ant grass recently discovered invading the forest understory 
in Maryland and quickly spreading to Virginia. Until recently, 
the origin of OHU and its genetic relatedness to our natives 
(O. hirtellus subsp. fascicularis and setarius, or OHS) and 
introduced ornamentals (O. hirtellus subsp. varigatus) was 
unknown, but needed to support regulatory decisions. 
There are also substantial discrepancies in the taxonomic 
treatment of Oplismenus (a highly polymorphic genus) mak-
ing them difficult to distinguish from one another (Fig. 3). 
The ability to distinguish OHU and OHS is of particular con-
cern because their distributions nearly overlap, and OHS 
has already been mistaken for OHU during control activi-
ties. Through our molecular analyses, we demonstrated 
that OHU is a distinct taxon and not a hybrid of native or 
ornamental taxa. We also developed a molecular genotyp-
ing method that provides a highly reliable and cost-effective 
diagnostic tool to accurately differentiate between OHU and 
closely related taxa. The methods were developed to use 
the minimum amount of effort required to make an accurate 
distinction between the different subspecies and varieties, 
making use of differences in the nucleic acid sequences of 
the nuclear ITS region and/or plastid trnL-F region. DNA is 
extracted from a small tissue sample (1-100 mg of leaf, 
seed or root), and PCR is performed to amplify the desired 
DNA region. This is followed by direct PCR product se-
quencing using a single sequencing reaction that targets 
differences that can distinguish each subspecies. This 

method has also been used to test O. undulatifolius sam-
ples from Russia; the data indicate that this is a potential 
source population of OHU in the US. Our program will  also 
analyze DNA sequences from samples collected in China to 
determine if these are also potential source populations.  
 

Genotyping within the Mikania Species Complex 
The Plant Molecular Biology Program has developed meth-
ods to provide a reliable and cost-effective diagnostic tool to 
differentiate between the highly invasive weed, Mikania 
micrantha and closely related species, including US natives 
(M. scandens and M. cordifolia) and invasives (M. cordata). 
M. micrantha is a significant weed of Asia (Zhang et al., 
2004; Yang et al., 2001) and is a listed FNW in the US. In 
late 2009, M. micrantha was found in Miami-Dade County, 
Florida; the state has taken action to eradicate it and has 
quarantined infected nurseries. M. micrantha is native to 
Central America, South America, and the Caribbean. A 
single plant can produce over 40,000 small wind-blown 
seeds and can also reproduce vegetatively through small 
stem fragments (Tiwari et al., 2005); both can contaminate 
imports, produce, vehicles, and equipment. M. micrantha is 
difficult to distinguish from the more widely spread M. scan-
dens, and taxonomists have disagreed on the identity of 
specimens. Our molecular genotyping method provides a 
highly reliable and cost-effective diagnostic tool to accu-
rately differentiate between M. micrantha and closely re-
lated taxa. We optimized methods to use the minimum 
amount of effort required to make an accurate distinction 
among the Mikania species by using differences in the nu-
cleic acid sequences in the nuclear ITS region. The basic 
protocol involves extracting DNA from a small tissue sam-

Figure 2. Cooperator Nicholas 
Hillman teaching Abinash Sreeda-
syam and Geetika Trivedi how to 
extract DNA from leaf tissue. 

Figure 3. Morphologically similar O. hirtellus subsp. undu-
latifolius (left) and O. hirtellus subsp. setarius (right). 
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ple (1-20 mg of dry leaf or herbarium specimens) followed 
by amplifying the ITS region with PCR. This is then se-
quenced using a single sequencing reaction with a specific 
sequencing primer. Comparison of the generated se-
quences with known orthologous sequences can then be 
performed to identify the species. Specimens can be identi-
fied more accurately, objectively and timely. 
 

To help prevent the reintroduction of M. micrantha, we are 
applying molecular methods to identify source populations 
by analyzing genetic differences among populations from 
different geographic regions. Using herbarium specimens 
and sequences from nucleotide databases, we find varia-
tion in the nuclear ITS regions among individuals from dif-
ferent geographic regions. Populations of M. micrantha 
appear to fall three different geographic groups; the Carib-
bean basin, southern South America, and Africa. DNA se-
quences from our invading populations and Asian popula-
tions match the Caribbean basin group. We will shift our 
molecular analysis to microsatellite markers for a greater 
genetic resolution. Basic methodologies developed through 
this project can be applied to optimize procedures for other 
problematic plants of regulatory significance. 
 

RAMBO: Rapid Automated Molecular Barcode Observer 
Recent advances in MDT are allowing compact, rapid, and 
automated systems to become a realistic application for 
inspection activities at ports and during field survey activi-
ties. The Plant Molecular Biology Program is adapting a 
system, originally developed for point-of-care service to 
detect human pathogens in blood, for PPQ applications to 
detect prohibited plants and plant material (Fig. 4). This 

rapid automated molecular barcode observation (RAMBO) 
system uses multiplex nested PCR amplification and hy-
bridization, termed Amplicon Rescue Multiplex-PCR (Arm-
PCR). When combined with DNA extraction kits, the 
RAMBO system: (1) takes only two to three hours to diag-
nose samples; (2) is highly accurate by having built in Arm-
PCR crosscheck technology; (3) does not require extensive 
training for operation; (4) is closed to prevent possible con-
tamination; (5) is compact, weighing about 120 lbs and re-
quires little space, and (6) includes a computer with diag-
nostic software, processor, and reader. The system em-
ploys disposable cassettes that are preloaded with the ap-
propriate panel of molecular detection reagents that are 
specific to the taxa of interest.  Each cassette can detect up 
to 30 different taxa simultaneously. RAMBO will provide a 
rapid, reliable, and accurate means to identify prohibited 
plants and tissues without the need for extensive molecular 
or taxonomic expertise.  
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Figure 4. Rapid automated molecular diagnostic system showing processor, reader, disposable cassette, and 
computer interface.    
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Methods & Results 
The analysis method uses a raster-based geospatial model.  
The model has two main assumptions: 1) areas closest to 
highways, populated places, ports, the inland shipping wa-
terway, and railways have highest potential for AGM intro-
duction based on movement of commodities, and 2) the 
analysis can only account for AGM activity on the outside of 
traveling mechanisms and containers. 
 

Each model has a unique set of inputs based on recommen-
dations from stakeholders (Fig. 2) and has two final outputs 
based on data weighting schemas. These schemas were 
discussed and finalized among the stakeholders.   
 

The final models were delivered in several ways to optimize 
access including geographic data for use in GIS software 
and Google Earth. Figure 3 shows the final results, depict-
ing a range of introduction hazard. 
 

Once the models were complete, a quantitative spreadsheet 
analyzing the relationship between modeled AGM risk and 
current survey traps was developed. The spreadsheet pro-
vides a comparison of predicted AGM introduction risk and 
current trap location.    
 

Washington and Oregon have the trapping grid referenced 
by GPS coordinates. The distribution of AGM risk and cur-
rent trap locations for Model 1 is quantified in Fig. 4. 
 

Within California, the traps are managed by individual coun-
ties and are not spatially referenced or GPS’d. The Califor-
nia Department of Food and Agriculture (CDFA) have GPS 
data on the seaport and the survey gypsy moth traps. All 
other trap locations were generalized by creating a spatial 
dataset that places two random traps per square mile within 
urban areas that have at least 501 housing units per square 
mile. This value follows California’s current AGM trapping 
strategy. The analysis uses the 2000 federal census as a 
source for housing unit numbers. However, the actual trap-
ping program diverges from this value at times using local 
knowledge and recent growth patterns. The quantification 
for Model 1 is shown in Fig. 5. 
 
 
 
 
 
 
 
 

Enhancing Asian gypsy moth (AGM) trapping in the western U.S. 
CPHST STAFF:    Lisa Kennaway (Lead) 
CHAMPIONS:    Roeland Elliston (PPQ WR Program Manager), California Department of Food and Agriculture 
   (CDFA), PPQ CA State Plant Health Director’s Office, Washington State Department of Agricul-
   ture (WDA), PPQ WA State Plant Health Director’s Office, Oregon Department of Agriculture 
   (ODA), PPQ OR State Plant Health Director’s Office, Department of Homeland Security (DHS),  
   Customs and Border Protection (CBP) 
CONTACT:    Lisa Kennaway (lisa.f.kennaway@aphis.usda.gov, 970-490-4463) 

Introduction 
Asian gypsy moth (Lymantria dispar ssp., AGM) is an ex-
otic pest that has been detected, but not established, in the 
United States (Fig. 1). The threat to American agriculture is 
significant due to AGMs broad range of host plants, includ-
ing 500 species of trees and shrubs (APHIS, 2003). The 
AGM is similar to the European gypsy moth but has a 
much broader host range and the females are capable of 
flying up to 25 miles, unlike the flightless female European 
gypsy moth (USDA, 2006). This makes identifying early 
introductions of the pest very important.      

AGM is native to Asia, and a primary pathway of introduc-
tion into America is via ship and cargo traffic from the Far 
East. These trade patterns place the coastal Western 
United States in high risk of AGM introduction.  
 

The states of Washington, Oregon, and California have 
extensive surveillance systems in place to identify (and 
eradicate if necessary) any detected moths prior to estab-
lishment. The trapping system is organized and managed 
with expert local knowledge, and places higher trap densi-
ties in and near major shipping ports and populations. 
 

To enhance the placement of traps in these areas, a geo-
spatial model has been developed to predict areas with 
highest AGM introduction risk based on a variety of vari-
ables. In 2008, a model was developed for Washington and 
Oregon. In 2009-10, a model for California was finalized.  
The goal of the models are to improve and/or validate ex-
isting trapping locations.   

 

Figure 1.  (A) Female Asian gypsy moth, (B) Larvae 
(image courtesy of John Ghent, USDA Forest Service). 
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Discussion and Future 
 

The success of this project is heavily dependent on input 
from the stakeholder group that includes participants from 
federal, state, and local levels. The analysis method and 
technology is driven by the CPHST Fort Collins Lab, but the 
decisions regarding input data and weighting rely on the 
expertise of the stakeholders. The value of an approach like 
this is measured by stakeholder support and its use in field 
operations. By including stakeholders, ownership is shared 
among all.  
 

Interest for this type of analysis continues to grow as addi-
tional states face increase risk for AGM introduction (Texas 
and Louisiana), as well as for other pests and locations. 
These models will be extremely valuable due to the reduc-
tion in trapping resources, and can help stakeholders be-
come more time and cost efficient. Current time frames for 
these models are being determined. 
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Figure 2.  AGM model data inputs. 

WA/OR AGM Trapping Model CA AGM Trapping Model

Introduction Introduction/Maritime
Columbia River Shipping Ports
High/Low Risk Ports Deepwater Ports
Canada/CA Border Crossings 03‐09 AGM Trap Interceptions
08 AGM Ship Interceptions 08‐09 AGM Ship Interceptions

Transportation Transportation
Highways Inland Waterway
Railways Highways
Weigh Stations Railways
Rest Areas Warehouse Districts

Inspection Stations
Population
Census Population
Urban Nightlights Census
Commodity Import Volume

Environment
Parks
Wind Zones
Forest Density

Figure 3.  Table depicting relationship between  
WA/OR AGM risk and 2008 survey traps.  

State 
Risk  
#

Risk 
Text

No. of 
Traps

% of All 
Traps

Sq. Mile 
Area

Traps/Sq. 
Mile

WA 2 low 0 0% 0 0.000
WA 3 low 0 0% 765 0.000
WA 4 low 138 1% 9039 0.015
WA 5 med 924 4% 20074 0.046
WA 6 med 939 4% 11917 0.079
WA 7 med 1542 6% 8794 0.175
WA 8 high 4386 18% 10282 0.427
WA 9 high 8326 34% 4792 1.737
WA 10 high 8181 33% 1396 5.860
Total 24436 100% 67059

OR 2 low 0 0% 2984 0.000
OR 3 low 4 0% 27512 0.000
OR 4 low 267 2% 23879 0.011
OR 5 med 1602 9% 18125 0.088
OR 6 med 3775 21% 11499 0.328
OR 7 med 2974 17% 6096 0.488
OR 8 high 1729 10% 3976 0.435
OR 9 high 4857 28% 2572 1.888
OR 10 high 2446 14% 481 5.085
Total 17654 100% 97124

Model 1 ‐ Washington & Oregon                                                  
(Introduction 40%, Transportation 40%, Population 20%) 

Figure 4.  Table depicting relationship between  CA 
AGM risk and 2010 survey traps.  

Model 1 ‐ California
(Maritime 55%, Transp. 30%, Population 10%, Env. 5%)

State
Risk 
#

Risk 
Text

No. of 
Traps

% of All 
Traps

Sq. Mile 
Area

# Traps/  
Sq. Mile

CA 3 Low 0 0% 29676.83 0.00
CA 4 Low 121 0% 45703.88 0.00
CA 5 Low 2644 9% 37101.39 0.07
CA 6 Med 3478 12% 31140.32 0.11
CA 7 Med 2152 7% 17633.33 0.12
CA 8 Med 5291 18% 16262.64 0.33
CA 9 High 8778 29% 40986.92 0.21
CA 10 High 7434 25% 4140.62 1.80
Total 29898 100% 222645.9
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Figure 5.  AGM Trapping Models for Washington, Oregon, and California. 
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Introduction: When an exotic pest is introduced to a new 
environment, managers need to estimate the potential 
range for the new organism. This is important to any pro-
gram in that it affects which areas are trapped, which areas 
are quarantined, and which areas may have mandatory 
treatments. For the light brown apple moth (LBAM) intro-
duction in California, several models were run to predict 
which areas, both inside California and across the country, 
would be suitable for its establishment. There are many 
ways to model this question, and, based on assumptions 
and emphasis, the model predictions can vary a great deal 
from one to another.  For this project we compared the re-
sults of four CLIMEX models and the NAPPFAST predic-
tions for LBAM establishment. 
 

CLIMEX (http://www.hearne.com.au/products/climex/
edition/climex3/) is a modeling software which “enables 
one to assess the risk of a pest establishing in a new loca-
tion, knowing the current locations they do occur.”  
NAPPFAST  (NCSU-APHIS Plant Pest Forecasting Sys-
tem, http://www.NAPPFAST.org/index.htm) is also a soft-
ware system which uses 
weather data and degree-day 
models to predict insect 
phenology and range. 
 

The Study:  The CLIMEX and 
NAPPFAST models use differ-
ent scales. For each of the 157 
sample locations across the 
US, the CLIMEX models calcu-
late EI (Ecoclimatic Index) val-
ues from 0 to 88, with the 
guidelines that locations with a 
value below 10 were “not suit-
able” for LBAM establishment 
while locations with a value 
above 30 was “highly suitable.” 
 

The NAPPFAST model output 
is based on how many times 
over 10 years could a location 
produce three generations of 
LBAM. Very cold temperatures 
were also assessed, and the 
NAPPFAST model output, GC 
(gridcode scores), ranged from 
-10 to 10. These GC values 

were interpreted so that any location with a GC of less than 
1 was “not suitable” while a GC of 8 and above was “highly 
suitable.” 
 

For this comparison, I divided the models’ outputs for the 
157 locations into three zones which I felt corresponded to 
“agreement” between the models (Fig. 1). For example, 
Zone 1 is a region of the graph where all models agree that 
the climate is too cold for LBAM establishment. Zone 3 is a 
region where all models predict LBAM establishment is 
“highly suitable.” 
 

Analysis:  Note there are four different CLIMEX models 
being evaluated against one NAPPFAST model, and the 
CLIMEX models had significant disagreement among them.   
The graph in Fig. 1 shows how “agreement” is defined.  
Each point (location) inside a “zone box” is considered 
“models agreeing,” i.e., a “hit,” while points outside the 
boxes are considered models disagreeing, i.e., a “miss.” 
 

In a comparison of CLIMEX vs. NAPPFAST, perhaps the 
clearest view is given in Table 1, which breaks down the 

Comparing prediction models for LBAM establishment 
CPHST STAFF:    Tom Kalaris (Lead), Glenn Fowler, Dan Borchert (Support)  
CONTACT:    Tom Kalaris (tom.m.kalaris@aphis.usda.gov, 970-490-4462) 

Figure 1.  Graph of four CLIMEX models (EI values) against NAPPFAST Gridcode.  EI1 
are the output from the first CLIMEX model, EI2 the second, etc. 
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values for the individual four CLIMEX models vs. 
NAPPFAST gridcodes. Here the actual counts are 
given, with the corresponding percentages of agree-
ment in the seventh column. 
 

In Table 1, the shaded cells correspond to Zones 
1,2, and 3. The table shows that there was very 
good agreement in areas NAPPFAST thought too 
cold, and in areas NAPPFAST thought “highly suit-
able.” The second CLIMEX model (EI2) had 68.9% 
agreement. However, agreement across most of the 
rest of table is spotty and generally weak. Further, 
there wasn’t one of the four CLIMEX models which 
stood out as being significantly better at agreeing 
with NAPPFAST. 
 

When we compare the model output spatially we see 
similar results. The maps in Fig. 2 show areas of 
agreement and disagreement between NAPPFAST 

and two CLIMEX. The black points represent 
locations where both models thought condi-
tions were too cold for LBAM establishment. It 
is interesting to focus on the West Coast and 
the Southeast.  The red dots are locations 
where the models do not agree. The South-
east has good agreement between CLIMEX 2 
and NAPPFAST, while CLIMEX 3 has gener-
ally poorer agreement across the same re-
gion. Neither CLIMEX model has good agree-
ment with NAPPFAST along the West Coast. 
 

Conclusions: 
(1) The NAPPFAST and CLIMEX models in 
general agree on areas which they classify as 
unsuitable, e.g., too cold. 
(2) In areas that are “marginally suited for 
establishment (Zone 2),” the agreement is not 
strong, ranging from 0 to 60%. 
(3) In areas that are very warm, there is little 
to moderate agreement among the models.  
The four CLIMEX models agree with the 
NAPPFAST classification 0%, 69%, 22% and 
2%, respectively. 
(4) Geographically, NAPPFAST and CLIMEX 
agree in the coldest part of the country:  north 
of a line from ID, south to NV, east to UT, CO, 
NE, IA, then north to the Great Lakes and 
across to New England. The rest of the coun-
try includes the areas of disagreement among 
all models. 

Table 1. CLIMEX Models vs. NAPPFAST Gridcodes  
(* = small sample size). 

Figure 2. Comparing CLIMEX 2 (above)  
and 3 (below) , with NAPPFAST. 

  Likelihood Unlikely Low-Moderate High   Percent  Zone 

    EI <10 10<= EI<=30 EI>30 Total Pts  in zone   

GC: -10 to 0 EI1 78 0 0 78 100.0 1 

Unlikely/ EI2 72 5 1 78 92.3 1 

Not suitable EI3 74 4 0 78 94.9 1 

  EI4 77 1 0 78 98.7 1 

GC: 1 to 4 EI1 26 0 0 26 0.0 2 

Low  EI2 8 2 16 26 7.7 2 

suitability EI3 9 13 4 26 50.0 2 

  EI4 10 16 0 26 61.5 2 

GC: 5 to 7 EI1 8 0 0 8 0.* 2 

Moderate EI2 0 0 8 8 0.* 2 

suitability EI3 0 2 6 8 25.0* 2 

  EI4 1 5 2 8 62.5* 2 

GC: 8 to 10 EI1 37 8 0 45 0. 3 

Highly  EI2 10 4 31 45 68.9 3 

suitable EI3 13 22 10 45 22.2 3 

  EI4 21 23 1 45 2.2 3 

Total   444 105 79 628     
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Rearing systems for beneficial root feeders 
Cyphocleonus achetes is a weevil introduced into North 
America for the control of spotted and diffuse knapweed. 
Dispersal of C. achetes throughout large infestations in the 
western United States has been very slow due to low num-
bers available for distribution. With a goal to facilitate the 
weevil’s spread, a rearing system based on an artificial diet 
was developed. A C. achetes colony has been reared in the 
Albany laboratory for 12 generations on modified artificial 
diets originally developed for Hylobius transversovittatus (a 
biological control agent of purple loosestrife) and its optimi-
zation is progressing. Our work in 2010 was focused on 
developing a system for storing adult weevils without signifi-
cantly affecting their reproductive potential. Initial attempts 
to store Cyphocleonus adults under the same conditions as 
Hylobius (50⁰F and short light) were not successful. We 
proceeded by experimenting with different environmental 
conditions and found that long light (16h L : 8h D) sup-
pressed C. achetes oviposition at 77⁰F. We are now able to 
store diapausing adults for 10 weeks and then induce re-
production after that storage period.  
 

In 2010 we produced around 800 adult C. achetes. Most of 
them were used in the experiments associated with the 
optimization of rearing systems and storage work, although 
a group of 130 individuals was released into the field in 
Idaho (Fig. 2). This field release was undertaken to deter-
mine the ability of laboratory reared C. achetes to effec-
tively establish in nature for future releases.  

 
 

Updates on LBAM, beneficial  weevil projects, and pink bollworm 
CPHST STAFF:  Nada Carruthers (Lead), David Madieros (Support) 
CONTACT:  Nada Carruthers (nada.t.carruthers@aphis.usda.gov, 510-559-5790)  

Biological Control of Light Brown Apple Moth (LBAM): 
A joint project with California Department of Food and Agri-
culture (CDFA) is focused on possible utilization of parasi-
toids alone or in combination with sterile insect releases for 
LBAM control. The rearing system for two species of 
Trichogramma (T. platneri and T. fasciatum) was developed 
in the Albany, CA laboratory from which commercial colo-
nies may be established (Fig. 1). Experimental work in sup-
port of Trichogramma rearing system development included 
studies on the effect of different techniques for suppression 
of LBAM embryogenesis. The objective was to prevent 
LBAM egg hatching while still providing a suitable host 
source for parasitism by Trichogramma. The methods in-
vestigated were UV irradiation and exposure to freezing 
temperatures. At a 90 minute. exposure period of radiation, 
only 3% of eggs hatched. Extended exposure times (135, 
180 and 240 min) did not further decrease the hatching 
rate; this may be due to the oviposition behavior of the 
moth. LBAM lays its eggs in a layered fashion, and the low-
est layers of eggs fail to receive sufficient radiation inde-
pendent to exposure time. Following this, we tested the 
preference of T. platneri on LBAM eggs treated with UV, 
freezing temperatures (-4⁰ F) or as an untreated control. No 
significant difference in infestation rate was found between 
untreated and UV irradiated eggs; those exposed to freez-
ing proved to be undesirable hosts. Irradiation of 90 min-
utes was accepted as a standard in our rearing procedure. 
The same procedure is used for egg cards for field studies 
addressing the seasonality of natural enemies. UV irradi-
ated LBAM eggs were used as a trap host for screening. 
Identification of captured natural enemies was conducted 
by CDFA, UC Berkeley and UC Riverside scientists.  
 

Figure 1. Rearing cage for Trichogramma spp. In the lab. 

Figure 2. Releasing lab reared C. achetes onto knapweeds. 
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Publications and presentations: 
-William Roltsch, Nada Carruthers, Richard Stouthamer and 
Nancy Saechao (2010). Parasitism and predation of light brown 
apple moth eggs. Biological Control Program Annual Report 
2009, California Department of Food and Agriculture. 
 

-William Roltsch and Nada Carruthers (2010). Spider response 
and fate following the consumption of light brown apple moth 
larvae. Biological Control Program Annual Report 2009, California 
Department of Food and Agriculture.   
 

-William Roltsch, Nada Carruthers and Richard Stouthamer 
(2010). Egg parasitisam of the invasive light brown apple moth 
(Epiphyas postvittana) Annual meeting of the Entomological Soci-
ety of America, December, San Diego. 
 

-Nada Carruthers and David Madieros (2010). Induction of repro-
ductive diapause for prerelease storage of Cyphocleonus achetes 
Coleoptera (Curculionidae). Annual meeting of the Entomological 
Society of America, December, San Diego. 

Pink bollworm - Addressing the problem of mass 
reared insects on calico red dye lacking red coloration. 
The presence of pink bollworm (Pectinophora gossypiella) 
adults without red coloration was unexpectedly detected in 
the field traps in Arizona. One of the hypotheses is that 
trapped insects are not from the wild unmarked popula-
tions, but from mass reared individuals that were able to 
complete development in the APHIS rearing facility without 
retaining visible amounts of the Calico red dye that is 
placed in their larval diet. The light brown apple moth 
(LBAM) has been used as a model insect in this study be-
cause the same phenomenon was observed in our APHIS 
LBAM colonies (Fig. 3). The first study focused on the fre-
quency of uncolored individuals in the LBAM colony and the 
possible correlation to the sex and/or weight of the larvae. 
An unexpectedly high 11.3% frequency of uncolored indi-
viduals was detected in the Albany colony. Using logistic 
regression, the presence of red dye was not statistically 
correlated with sex or weight when males and females were 
pooled. But when assessed individually for both weight and 
sex, both of these variables were highly significant (p=.0005 
and p=.0020, respectively). So weight affects this frequency 
differentially between males and females.  
 

To refine the method for determining coloration level in indi-
vidual insects, an absorption spectroscopy method was 
developed. Due to its sensitivity, this method may be able 
to identify red dye in insects that visually appear uncolored. 
This project is being conducted in cooperation with the Pink 
Bollworm Rearing Facility in Phoenix, AZ.  

Figure 3.   
Un-colored 
LBAM pre-
pupae reared 
on a diet that 
includes 
Calico red 
dye. 
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Development of CAPS commodity-based survey schemes 
CPHST STAFF:  Melinda Sullivan (Lead), Lisa Jackson (Lead), Talitha Molet (Support),  
  Daniel MacKinnon (Support), and Christina Southwick (Support) 
CHAMPIONS:  John Bowers (PPQ National Survey Coordinator),  
  Kristian Rondeau (PPQ WR Program Manager Pest Detection),  
  Brian Kopper (PPQ ER Program Manager Pest Detection)  
CONTACT:   Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

The Cooperative Agricultural Pest Survey (CAPS) is a com-
bined effort by Federal and State agricultural organizations 
to conduct surveillance, detection, and monitoring of agri-
cultural plant pests and biological control agents. Survey 
targets include insects, mites, nematodes, weeds, plant 
pathogens, and mollusks. The goals of this program include 
protecting American agriculture and facilitating the export of 
agricultural products and one of the primary functions is to 
detect exotic pests before they can become well estab-
lished. The economic costs associated with eradication of a 
pest that is not well established are much less than when 
the pest is established and reproducing. 
 

CPHST provides the scientific foundation and develops 
products and tools for the CAPS program at the request of 
other Plant Protection and Quarantine (PPQ) units as well 
as state cooperators. CPHST staff also provide day-to-day 
support functions for the CAPS program. 
 

Commodity-Based and Taxon-Based Survey Manuals: 
In the past, the CAPS surveys have focused on one to a 
few organisms at a time. In 2005/2006, the program shifted 
to a commodity-based (pests of the same host plant) and 
taxon-based (similar pest taxa; e.g., cyst nematodes, bark 
beetles) approach. Surveys now look for a suite of exotic 
pests at the same time, including those that may only be 
considered minor. This increases survey efficiency and the 
odds of detecting a pest before it becomes established.  
 

A series of survey references and guidelines are being de-
veloped for CAPS cooperators by CPHST to assist with 
commodity-based surveys. These Commodity-Based Sur-
vey References are a series of pest datasheets which in-
clude images and information gathered from Pest Risk As-
sessments and scientific literature. Each section contains 
detailed information on the biology, host-range, distribution, 
survey, and identification of a pest in appropriate detail for 
CAPS surveyors. The second document, the Commodity-
Based Survey Guidelines, provides survey and identifica-
tion guidance for a smaller number of pests, determined by 
a subcommittee of the CAPS National Committee. The 
methods are intended to increase homogeneity of the na-
tional data set and increase the statistical confidence in 
negative data (e.g., demonstration of “free from” status). 
Each document, upon completion, goes through a CPHST 
peer review, followed by a one month review open to the 

entire CAPS community. Final edits are made and the docu-
ment is posted on the CAPS Resource and Collaboration 
website (http://caps.ceris.purdue.edu/). After this initial 
review process, documents are open for comment on a 
yearly basis. To date, commodity-based manuals have been 
developed for citrus, soybean, small grains, grape, pine and 
oak. In 2010, a corn commodity-based survey reference and 
guideline were completed, and the Exotic Wood Borer/Bark 
Beetle (EWB/BB) taxon-based survey guidelines were re-
vised and datasheets for 11 new taxa were added (Fig. 1). 

CPHST Pest Datasheet Development: In 2010 CPHST 
worked to develop datasheets on several pests included on 
the CAPS Prioritized Pest List but not found in a CAPS sur-
vey. These describe the biology, host-range, distribution, 
survey, and identification of the pest in appropriate detail for 
CAPS surveyors. Where available, pictures are provided of 
each pest, their symptoms, and signs of infection/infestation. 
To date, datasheets have been prepared for Chalara fraxi-
nea (ash dieback), Cronartium flaccidum (Scots pine blister 
rust), Ditylenchus angustus (rice stem nematode), Meloi-
dogyne paranaensis (Parana coffee root knot nematode), 
Mycosphaerella gibsonii (needle blight of pine), and Phy-
tophthora alni (alder root/collar rot). This will continue in 
2011 and as CAPS Prioritized Pest List is updated. 
 

CAPS-Approved Survey and Diagnostic Methods: CAPS 
wanted to further standardize the methodology, homogenize 
the survey data and streamline the trap and lure ordering 

Figure 1. Corn Reference (left) and Exotic Wood Borer/
Bark Beetle Guidelines (right) Covers. 
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process. For this, CPHST developed tables that provide the 
CAPS-approved survey and the identification/diagnostic 
method for each of the 119 target pests found in in a com-
modity-based survey, taxon-based survey, or on the CAPS 
Prioritized Pest List. CPHST and Purdue University publish 
this information on the CAPS Resource and Collaboration 
website (Fig. 2). The website also provides additional re-
sources for each pest; symptoms, signs, vector relation-
ships, trap and lure effectiveness, links to identification 
aids, references, pest datasheets, etc. This information will 
also be used by the CAPS National Survey Coordinator and 
others to identify gaps in survey and diagnostic tools. 
 

Initially CPHST scientists conducted scientific literature 
reviews for each target pest, then communicated with sub-
ject matter experts, including scientists in countries where 
the pests are known to occur. CPHST and PPQ scientists, 
including domestic and national identifiers, then offered 
their reviews. The final product is a combination of  scien-
tific recommendations, practicality at the field level, identi-
fier needs, and the approximate cost.  
 

The CAPS community has been very collaborative in this 
process. They have informed CPHST of additional traps/

lures for evaluation, suggested novel approaches to survey, 
and offered valuable critiques when methods were not prac-
tical or affordable. This effort will continue into 2011 as up-
dates are made to the commodity-based surveys, taxon-
based surveys, and/or to the CAPS Prioritized Pest List. 
 

Visual Survey Protocols: Several arthropod pests and all 
of the plant pathogens on the CAPS Prioritized Pest List do 
not have a specific trap or lure identified/available; therefore 
a visual survey is the CAPS Approved Survey Method.  
CPHST is working to develop visual survey protocols for 
each of these pests. Potential pathways are being analyzed 
and used to identify high risk sites to survey. A species-
specific visual survey protocol was prepared in 2010 for 
Agrilus biguttatus and will be evaluated in 2011. 
 

Trap and Lure Statements of Work for CAPS Target Spe-
cies: CPHST scientists from multiple laboratories and the 
Director’s Office collaborated to complete statements of 
work on four lure combinations and five trap designs for 
target species in the CAPS program. Statements of work 
outline product specifications to ensure that the correct 
product is being purchased for the program and that quality 
assurance and quality controls are met. 

Figure 2. Screenshot of the cover page of the CAPS-Approved Methods website,  
http://pest.ceris.purdue.edu/services/napisquery/query.php?code=cam 
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Pink bollworm mating disruption: carrier refinements in a sprayable formulation 
CPHST STAFF:  Michelle Walters (Lead), Barry Barnes, John Claus, R. Nelson Foster, Robert Staten 
CHAMPIONS:  Bill Grefenstette (PPQ Staff Officer), 
   Arizona Cotton Research and Protection Council 
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-431-3233) 

Introduction 
Since its arrival in the Southwestern United States, the pink 
bollworm, Pectinophora gossypiella (Saunders), or PBW, 
has been a devastating cotton pest (Noble 1969, Pfadt 
1978, Chu et al. 1992, Ingram 1994). Through the use of 
sterile insect technique (SIT), genetically modified cotton, 
good cultural practices, and sex pheromones for mating 
disruption, PBW populations have been suppressed and 
eradicated in several states through the multi-national Pink 
Bollworm Eradication Program (http://www.cotton.org/
tech/pest/bollworm/index.cfm). The current standard 
mating disruption product, PB-Robe L, is effective and long-
lived but requires hand application. Growers need a mating 
disruptant that can be mechanically applied by air or 
ground, is economically priced, and is effective for at least 
30 days. 
 

PB-GEL is a mating disruptor we evaluated from 2007- 
2009 with air and ground applications in Arizona and New 
Mexico. In 2009, PB-Gel remained effective (<1 moth/trap/
night) for an average of 26 days after the first application (at 
pin square), 38 days after the second application, and for 
42+ days after the third application (until the cotton was 
picked). Since the PB-GEL was promising, in 2010 we con-
ducted a test to evaluate a new formulation, PB-GEL II. 
 

Comparing Viscosity 
A Viscometer was used on PB-GEL and PB-GEL II. The 
formulations were taken from cold storage (4°C) and meas-
ured cold (10 - 15°C) as well as heated (35 - 43°C); there 
were no significant differences in viscosity. 
 

Comparison of PB-Gel and PB-GEL II in the Field, with 
Ground Application (Tonopah, AZ) 
Pre-test traps were placed in each of twelve 0.8 hectare 
plots on May 19, 2010 and checked/cleaned twice per week 
thereafter. No significant difference occurred in male moth 
recaptures between these plots. The field was Pima cotton 
(Gossypium barbadense L.) and within the PBW Eradica-
tion program. 370-450 sterile moths/acre/day were released 
to protect the cotton from developing a wild PBW popula-
tion. The release of sterile moths also provided heavy 
population pressure against which to test mating disruption. 
 

On June 30, we applied the two formulations with a tractor 
fitted with a peristaltic pump and two nozzles (Fig. 1). The 
target application rate was 108.9 gm formula/acre (9.8 gm 
AI/ac) and was applied with predominately large droplets (7 

– 15 mm, Fig. 2). Moth 
populations were moni-
tored with Delta traps 
placed at least 30 paces 
into the plot in two rows 
equidistant from plot 
edges. Each trap used a 
standard septa lure 
(changed biweekly), and 
checked twice a week.  
 

Helicopter Application 
PB-GEL and the untreated 
check were compared following helicopter applications, 
using four replications per treatment with trap placement, 
baiting and monitoring as described in the ground applica-
tion test.  
 

Our principal interest was finding a commercial means of 
aerial application; previous applications used modified fixed 
wing USDA aircraft. A 50/50 mix of the two PB-GELs were 
mixed with 1% NALCO-TROL (drift control additive supplied 
by Nalco Co., Naperville, IL, 30% polyvinyl polymer) with 
the expectation of larger droplets from an aerial application. 
We used a Bell OH58 (Fig. 3) with a  Single TeeJet nozzle 
90° elbow with 8.0 mm ID brass tip, narrowing to 4.7 mm 
with no screens or filters. At 4:20 PM (46°C, no wind) the 
spray was applied at 10 PSI (the lowest the system could 
maintain), 20’ altitude, 75 MPH, and applied every 100’. Our 
target was 108.9 gm formula per acre (9.8 gm AI/ac). The 
actual applied rate was 85.84 gm/ac (7.73 gm AI/ac); this 
negatively affected performance. Had we applied at 32°C 
(early morning) we might have gotten larger droplets and 
more longevity. That said, we were pleased to observe a 
good application pattern with many big droplets (1 cm). The 
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Figure 1. 
Tractor with 
spray boom 
used for 
ground ap-
plication. 

Figure 2. Large droplet (1 cm) 
of  GEL, ground application. 
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plots were treated with 
pesticides on day 231 for 
whitefly control, briefly 
causing a dramatic drop 
in PBW activity. 
 

Results 
Through day 40, PB-GEL 
and PB-GEL II were not 
significantly different 

from each other, performing significantly better than the 
untreated check (P <0.0001) in the ground applications. 
Plots reached the Treatment Threshold (>1 moth/trap/night) 
at 33 (PB-GEL) and 27 days (PB-GEL II) (Fig. 4). Mating 
disruption was successful; male moths were so affected 
that they could not find the Delta traps, indicating that they 
also could not find and mate with the available female 
moths.  
 

PB-GEL formulations sprayed from the helicopter per-
formed significantly better than the untreated check            
(P <0.0001) through Day 25 (Fig. 5). The Treatment 
Threshold (>1 moth/trap/night) was reached at 21 days. 
This opens the possibility of using helicopters to success-
fully apply PB-GEL late season as a follow-up to a PB-
Rope L application in highly infested areas. 
 

The new acrylic carrier in PB-GEL performed equally as 
well as the original carrier, and will, we hope, allow the 
manufacturer to proceed with registration for commercial 
application in 2011. 
 

Acknowledgements 
Thanks to Chad Odom (cotton grower), David Ray (Tri-
Rotor LLC), and Jack Jenkins (Pacific Biocontrol). 
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Figure 3. Bell OH58 Helicopter.  

Figure 4. Tractor application, ~10 g AI/ac, 19 foot spacing 
covering 1 row of cotton. 

Figure 5. Helicopter Application, ~8 g AI/ac, 100 foot 
spacing covering 3 rows of cotton. 

Longevity of fluorescent visible marker and genetic marker in OX1138BB PBW moths 
CPHST STAFF:  Michelle Walters (Lead), Guolei Tang, John Claus, Tom Kalaris 
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-431-3233) 
Introduction 
The Pink Bollworm Eradication Program uses Sterile Insect 
Technique (SIT) as a major tactic against the pink bollworm 
(PBW), an exotic pest capable of causing crop failure in 
cotton. Delta traps near each cotton field are used to moni-
tor for wild and SIT moths; we must be able to differentiate 
between the two. Therefore the when rearing PBW, Calco 
red dye is added to the diet as a visual marker. Because 
the dye is not 100% persistent in SIT moths, Oxitec LTD 
(Oxford, England) and CPHST Phoenix developed 

OX1138BB, a genetically modified PBW with a heritable, 
fluorescent marker. The following study was used to deter-
mine how long the fluorescent marker persisted in moths 
left in a sticky trap in the field. 
 

A critical benefit of OX1138BB is that it carries a transgene 
that expresses red fluorescent protein. In addition, the 
transgene can be detected by PCR, identifying moths as 
either OX1138BB or wild-type (WT). We tested these attrib-
utes in the field to estimate how long the protein fluoresces 
and how long the DNA can be successfully genotyped. 
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Materials and Methods 
Moths were reared on standard 
PBW diet that included Calco red 
dye. OX1138BB moths were 
reared in a quarantine lab, CPHST 
Phoenix; WT moths (APHIS strain) 
were provided by the PBW Facility. 
Pupae were sexed, irradiated with 
20kr and placed in grids of a 
marked trap (Fig. 1). 

 

Each trap received 60 moths; 3-7 were WT and the rest 
were OX1138BB. Moth position was recorded; one person 
prepared the traps and a second identified the moths. 
 

Four traps per replicate were used. On Day 1, the traps 
were prepared, screened and placed outside within a 
10x20x8’ screened cage with cotton plants. One trap of 
each replicate was cold stored in the laboratory following 
the first screening. All of the traps were screened and re-
corded at 3-day intervals. Temperature and humidity data 
were collected inside the cage throughout the experiment. 
 

Upon completion of each replicate, the traps were frozen to 
prevent further DNA degradation. At the end of the field 
study, two traps from each replicate were shipped, chilled 
and 75 moths were analyzed by PCR. Those running this 
analysis had no prior knowledge of the moths’ origins. 
 

Results 
The screener’s ability to visually distinguish the fluorescent 
strain from WT decreased over time. The primary factor 
appears to be field temperature, however the screener’s 
almost immediate inability to detect fluorescence in a small 
percentage of insects in the first replicate (Fig. 2) may be 
evidence of a training effect. The traps held in the labora-

tory were 100% recognizable as either WT or OX1138BB. 
Again, the training effect was evident early (Trap 4, Fig. 2). 
PCR analysis was not affected; genotyping of 300 samples 
was 100% correct in identifying WT vs. OX1138BB. 
 

Discussion 
The genetic modification with PCR backup appears to be a 
very reliable means of separating WT from OX1138BB. 
Traps are typically collected from the field after one week   
for treatment decisions, and even under very hot conditions, 
the OX1138BB moths can be expected to be visually identi-
fiable 95% of the time. Furthermore, OX1138BB would be 
fed Calco red, estimated to be at least 95% reliable as a 
marker. The two markers are independent from each other, 
and the probability of at least one of these markers remain-
ing visible is 99.95%. PCR analysis can also give accurate 
identification when needed. 
 

Acknowledgements 
Thanks to our cooperators on this project, Neil Morrison and 
Caroline Phillips, Oxitec, Oxford, England. 
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Figure 1. Delta trap. 

Figure 2. Visibility of fluorescent marker, Replicate 1, July 
2 - July 30, 2010. 

Advances in rearing and SIT 
CPHST STAFF:  Michelle Walters (Lead), Guolei Tang, John Claus, Tom Kalaris 
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-431-3233) 

Definitive Identification of APHIS Mass Reared PBW 
Sterile insect technique (SIT) is a critical component of the 
PBW Eradication Program (http://www.cotton.org/tech/
pest/bollworm/index.cfm). Sterilized moths are released 
by the millions each day over multiple states. The mass 
reared moths are fed Calco Red dye so they may be identi-
fied when found in monitoring traps. In 2010 over 400 non-
dyed moths were trapped in Arizona. They looked like 
mass reared moths (fewer scales than wild moths) and 
extensive sampling was conducted to find infested bolls; 
none were found. These moths may be dye depleted mass 
reared moths, but we need to find another method to posi-
tively identify mass reared PBW. We sent non-dyed mass 

reared moths, known wild moths (from Mexico, south of the 
eradication zone) and mass reared moths raised on cotton 
in our field cages to several scientists for ideas. The tests 
conducted to date include: 
(1) Gossypol – positive but inconsistent. Currently rearing 
moths on a gossypol dilution series of diets for analysis. 
(2) Chlortetracycline – negative 
(3) Methyl paraben – negative 
(4) Potassium sorbate - negative 
(5) Detecting Calco red at levels lower than current diag-
nostics – promising, ongoing. Completed rearing PBW on a 
dilution series of diets; 0, 1/32, 1/16, 1/8, 1/4 and full dye. 
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OX3402C functionality 
CPHST Phoenix maintains two 
strains of genetically modified 
moths. Both carry a transgene that 
expresses red fluorescent protein, 
which can also be detected by 
PCR. The OX3402C moth carries 
another transgene making its im-
matures dependent on dietary 
chlortetracycline (CT). To confirm 
this requirement we reared 
OX3402C and wild type moths on 
four diets; regular, CT, non-CT and 
cotton bolls (Fig. 1).  
 

As expected, the results indicate 
that the new strain of OX3402C is 

CT dependent and the APHIS strain is not. This test also 
showed the difficulties of bringing late season (November) 
cut cotton bolls into the lab.  Many were not suitable for 
rearing (bolls dried out and opened). Tests will now be con-
ducted mid-season (August) with cut bolls or on bolls of 
potted cotton plants inside the quarantine lab. 
 

New egg treatment, Oxivir Five-16 
We conducted tests to determine if Oxivir Five-16 
(Peroxiguard in Canada) could replace formaldehyde 
(formalin, a known carcinogen) as an egg treatment in the 
PBW Rearing Facility. 
 

Oxivir Five-16 shows potential as a new egg treatment; a 
1:16 dilution in tryptic soy broth controlled contamination as 
well or better than the formalin. Oxiver Five-16 produced 
similar results for egg hatch, pupal yield, eclosion and moth 
longevity. However, when the PBW Rearing facility staff 
performed larger tests, egg hatch was significantly lower 
for Oxivir Five-16 compared to formalin; tests will continue.  
 

Rearing on Okra 
Cotton is considered the primary host of PBW; okra is also 
a host. The PBW Eradication Program asked CPHST to 
develop a field guide for recognizing PBW damage in okra. 
 

Okra pods in a field cage (Fig. 2), were infested with 
APHIS strain PBW eggs. Some pods were harvested at 
one week (Fig. 3), and the remaining pods were harvested 
after 10 days and placed in boll boxes so that pupae and 
adults could be obtained. The photographs of PBW dam-
age to okra were used as evidence in a court trial to indi-
cate the necessity of including okra fields in regular PBW 
Eradication Program SIT releases. 
 

Alternative Release Methods for Post-Eradication 
The Pink Bollworm Eradication Program needs simple but 
effective means to initiate releases of sterile moths on sus-

pected “hot spot” fields, post-eradication. Reintroduction is 
always a possibility and maintenance of eradication requires 
a response to evidence of wild moths. One recommended 
method of response is SIT. Since an aircraft with a release 
machine may not be available on short notice, the program 
studied alternatives; hand release (sprinkling chilled moths 
on the cotton plants), aerial release from a kytoon at 50’, 
release from a pool pole at 16’, and firing a canister of 
moths from an air canon. Moths were released with each 
method in 3 cotton fields on Oct 8, 2010. Traps were moni-
tored twice weekly until October 22. Analysis indicated that 
the kytoon was most promising. Further studies with addi-
tional means of release have been requested from the PBW 
Eradication Program and are planned for 2011. 
 

Acknowledgements 
Thanks to our cooperators on these projects, Neil Morrison 
and Caroline Phillips, Oxitec, Oxford, England. 

Figure 1. Egg-pad 
(tan paper on the 
lower right of boll) of 
OX3402CC on a 
Pima cotton boll. 

Figure 2. Okra plants in cage with infested pod covered by 
netting and supported by a stake. 

Figure 3. Okra pods dissected to reveal PBW larvae and 
damage to the pods. 
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Introduction 
In 2009, the genetically modified OX1138BB strain of PBW 
was mass-reared, released and recaptured in Arizona cot-
ton fields. Typically, female PBW perch on the terminal (top 
portion) of the cotton plant and emit a pheromone to attract 
mates. When a sterile female mates with a wild male, no 
offspring are produced, reducing the reproductive output of 
that male. A subset of studies conducted in 2009 indicated 
that APHIS mass-reared female moths were more success-
ful at attracting male moths than were the females of the 
OX1138BB strain. Because this is an essential function of 
the released, sterile female moth, we conducted further, 
rigorous investigations to compare this reproductive ability 
over the entire cotton growing season. 
 

Materials and Methods 
To compare irradiated female OX1138BB and irradiated 
female APHIS moths in their ability to call irradiated male 
APHIS moths, both types of female moths were reared and 
placed in traps, allowed to call, and attract male moths. All 
females were double sexed; first as pupae (and placed 
individually in vials)  then as newly emerged adults. Double 
sexing insures that no mistakes are made. For each time 
period, 600 male APHIS pupae were also vialed and double 
sexed. The adult male moths were irradiated at 20kr 
(normal PBW handling) and released in groups of 300 per 
6’x10’x20’ field cage planted with Bt cotton. The adult fe-
male moths were also irradiated at 20kr, and held in the lab 
and fed sugar water for 24hrs. Two females and a pin 
square of cotton were placed in a 20-dram vial with double 
screen ends. For each cage, there were six traps; three 
with a pair of OX1138BB females, and three with a pair of 
APHIS females. To simulate normal mating behavior, these 
traps were put into a cage near sundown at canopy height.  
The traps were collected at sunrise the next morning and 
the females were fed sugar water and kept under lights to 
simulate field conditions. The traps were examined and the 
number of males attracted and caught in the trap was re-
corded. This protocol was repeated each night until trap 
capture dropped to zero. The entire sequence, with fresh 
moths of each sex, was repeated 12 times between 14 July 
2010 and 8 September 2010. 

Results and Discussion 
No significant differences were detected in the number of 
males attracted by the two strains of moth, nor was there a 
difference in the length of time (number of days) that the 
females continued to attract males (Table 1). 
 

In each analysis, the most significant factor affecting the 
number of males attracted appears to be the time of year; 
that is, the date that the data was collected (Fig. 1).  Both 
strains of moths were affected similarly by the weather. 
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Comparative calling of OX1138BB female PBW to APHIS female PBW 
CPHST STAFF:  Michelle Walters (Lead), Guolei Tang, John Claus 
CHAMPIONS:  Pink Bollworm Eradication Program,  
   Pink Bollworm Rearing Facility 
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-431-3233) 

Table 1. Comparison of activity and attractiveness of APHIS to 
OX1138BB Female PBW moths. 
Strain Range, number 

of males 
caught/night, 
single trap. 

Males  
caught/ night  
(mean, N=70). 

Number of 
nights males 
attracted  
to the trap  
(mean, N=12). 

APHIS 0 – 72 8.271 5.25 
OX1138BB 0 – 85 7.014 5.08 

Figure 1. Response of males to the mating call of female 
PBW. 
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A pyrethroid, β-Cyfluthrin (Baythroid® XL, BayerCrop Science) applied at re-
duced rates for control of rangeland grasshoppers in South Dakota, 2010 
CPHST STAFF:  Larry E. Jech (Lead), R. Nelson Foster, K. Chris Rueter, Lonnie R. Black 
CHAMPIONS:  Bruce Helbig (PPQ State Plant Health Director, South Dakota), 
   Bruce Shambaugh (PPQ State Plant Health Director, Wyoming) 
CONTACT:  Larry E. Jech (larry.e.jech@aphis.usda.gov, 602-431-3237) 
Introduction 
Grasshoppers are a leading competitor for forage on west-
ern rangelands, with serious outbreaks occurring over large 
areas at irregular intervals. Outbreaks, composed of a few 
species reaching high densities, occur locally every year 
and reduce the food supply for other species, including 
livestock, sage grouse, and other upland game. Outbreaks 
can seriously strain the habitat, and in some cases, dam-
age it beyond recovery, allowing the introduction of inva-
sive species, further reducing available forage. Strategic 
applications of pesticides are used to control these local 
grasshopper populations and to protect federal, tribal and 
private rangeland, as well as crops. Cost of application, 
efficacy of control, and low impact on terrestrial vertebrates 
remains the guiding factors in selection of control agents. 
Malathion (Fyfanon® ULV) has been one of the chemical 
mainstays of rangeland grasshopper control programs for 
many years. In developing an additional control agents, 
trials with β-cyfluthrin (Baythroid® XL) were conducted near 
Edgemont, SD in 2009 and continued in 2010. Initial results 
indicated that the β-cyfluthrin was as effective as 
malathion. However, the cost was substantially higher. We 
conducted a trial to determine the effect of reducing the 
amount of material applied per acre coupled with reduced 
agent area treatments (RAATs) protocol. The higher tem-
peratures this trial may experience could detract from the 
efficacy of this pyrethroid, and Pyrethroids in general are 
considered to have a contact mode of action only. These 
attributes may affect overall population responses by spe-
cies and instars. Our objectives are to determine: 
(1) a low effective dose for β-cyfluthrin, 
(2) which grasshopper species are affected, and 
(3) the cost of treatment for β-cyfluthrin at the reduced ac-
tive ingredient applications. 
  

Methods and Materials 
The study was conducted in Fall River County, South Da-
kota on silver sage-steppe, selected because of the good 
range conditions, density and diversity of grasshopper spe-
cies, our familiarity with the history of grasshopper species 
of the area, and the access to nearby ongoing studies.   
  

β-cyfluthrin (Baythroid® XL) was applied at three doses: the 
standard 2.6 fl oz / ac, 0.02 lb AI / ac or 22.75 gm AI / ha 
and two lower rates, 1.95 fl oz / acre, 0.02 lb AI / ac or 

17.02 gm AI / ha; 1.3 fl oz / acre, 0.01 lb AI / ac or 11.31 gm 
AI / ha. β-cyfluthrin was applied to four replicates of 40 
acres each. Four untreated control plots were used to allow 
correction for local population changes with time. 
  

Treatments were applied using a Cessna Ag Truck 
equipped with winglets (DBA-Ag Tips: Clark Oberholtzer, 
Alberta, Canada) and a standard commercial spray system 
with differentially corrected guidance and recording system. 
It was calibrated to deliver the target rate of 2 gal / ac to 
within 1% of desired rate, at an altitude of 30 ft (9 m) and an 
airspeed of 120 mph with a 100 ft (30.5 m) swath, but flying 
a 125 ft (38 m) swath giving 80% coverage; twenty-seven, 
8020 flat fan tips operated at 40 psi (276 Kpa) were used. 
  

Grasshopper populations were evaluated by density and 
species composition as follows: forty 0.1 m2 rings were 
placed in a circle (100 m across) and 5 m apart; grasshop-
pers were counted on approach by the observer. Each ring 
arena was then carefully examined and the number of 
grasshoppers was recorded. To determine the species com-
position, two sets of sweep samples were collected using 
the circle as guide. The first fifty 180°sweeps were taken 
low and slow inside the rings and a second set of 50 were 
taken high and fast on the outside of the rings. After identifi-
cation, the frequency of occurrence can be converted to the 
number of grasshoppers by species for each plot. 
  

Plots were blocked based on pre-count samples to assure 
that each treatment was applied to all population levels (not 
just low or high density plots), including the untreated con-
trol. Once blocked, the plots served as the pre-count and 
were used in subsequent analyses. If treatments were de-
layed for 72 hours, fresh samples were collected from all 
untreated plots and these served as pre-count readings. 
  

Density and sweep samples were collected at three and 
seven days post treatment, secured in paper bags, frozen 
and returned to Phoenix for identification and analysis. 
  

Results and Discussion 
Pretreatment grasshopper densities ranged from 5.50 
(untreated plot) to 23.75 (β-cyfluthrin plot) and averaged 
14.8 grasshoppers / m2 for all of the plots in the study. The 
average pretreatment density for the β-cyfluthrin 2.6 fl oz / 
acre, β-cyfluthrin 1.95 fl oz / acre and β-cyfluthrin 1.3 fl oz / 
acre was 11.94 / m2, 14.56 / m2 and 20.06 / m2, respectively. 
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The untreated plots ranged from 12.88 - 13.25 / m2 for the 
pretreatment period. At pretreatment, the population com-
posed of 12.47% third instars, 40.53% fourth instars, and 
36.67% fifth instars. The population total mean age was 
4.32 (slightly above 4th instar). 
  

After treatment, the untreated population means trended 
lower through the course of the experiment. One of the 
untreated plots dropped from 9.75 to 6.50, a 33% drop. The 
other untreated plots decreased less. On the average the 
most change occurred on the medium density plots, losing 
3-4 grasshoppers / m2 while the high and low density plots 
dropped only one grasshopper / m2.   
  

Using species with sufficient population densities 
(Agentotettix deorum, Aulcara elliotti, Cordillacris occipitalis 
and Melanoplus sanguinipes) no age or species differences 
were found after treatments. It seems logical that treatment 
of a younger population is more likely to give better results 
than treating an older population; this was not the case. 
  

Figure 1 displays the changes in the treated and untreated 
population from pretreatment through the final samples.  All 
β-cyfluthrin treatments immediately and dramatically re-
duced the grasshopper populations. Please note there was 
a slight population rebound with the lowest dose tested; this 
does not represent significant recovery. β-cyfluthrin 2.6 fl 
oz / ac, β-cyfluthrin 1.95 fl oz / ac and β-cyfluthrin 1.3 fl oz / 
ac were all equally efficacious, with 88.4%, 87.0% and 
87.0% mortality, respectively. This result indicates that the 
one half rate (1.3 fl oz / ac) is as good for controlling grass-
hoppers as the label rate of β-cyfluthrin. β-cyfluthrin re-
duced the populations at the low dose applied even though 
the overall grasshopper density on the plot happened to be 
higher than on the other two treatment plots. 
  

The results are similar to 2009 findings; see Table 1 for the 
combined results. The β-cyfluthrin dose can be lowered by 
half with little loss of efficacy, reducing the overall cost of 
the application. The cost is still high ($2.01 for β-cyfluthrin 
alone) and the requirement for two gallons of water / acre 

(18.70 l / ha) is still cost prohibitive. Since the pyrethroid 
must be ingested, full coverage applications with high water 
rates are difficult to justify on large scale grasshopper con-
trol programs in dry rangeland conditions far from readily 
available water supplies. This also presents problems for 
ground applications. At the current recommended rates, 
this treatment is not economical. 
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Year AI fl 
oz/ac Material Spacing Cost /gal Ac / 

gal 
Diluent / 

ac 

Total Insec-
ticide + 
Diluent 

Cost of Ma-
terial per ac 

protected 

% Con-
trol 

2009 7.72 Malathion $35.00 16 none 8.0 fl oz $2.19 96.3 
2009 3.86 Malathion RAATS $35.00 40 none 4.0 fl oz $0.88 86.4 
2009 0.328 β Cyfluthrin $245.00 49 2 gal H2O 98 gal $5.00 76.2 
2009/ 
2010 0.262 β Cyfluthrin RAATS $245.00 61 2 gal H2O 122 gal $4.02 72.5 & 

88.4 
2010 0.196 β Cyfluthrin RAATS $245.00 61 2 gal H2O 122 gal $3.02 87.0 
2010 0.131 β Cyfluthrin RAATS $245.00 61 2 gal H2O 122 gal $2.01 87.0 

Table 1. Cost to treat with either malathion or β-cyfluthrin using different swath spacing and application rates to determine 
the best cost benefit for an application. 

Figure 1. Population reduction following treatment with 
β-cyfluthrin at 2.0, 1.5 and 1.0 fl oz / ac. 

2.0 fl oz / ac 

1.5 fl oz / ac 
1.0 fl oz / ac 

Untreated  
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Introduction 
Wheat bran baits and other carriers with toxicants have 
been used for over 100 years to efficiently control range-
land grasshoppers and Mormon cricket. As the current 
insecticides come under additional scrutiny from the EPA, 
new control agents must be screened to find effective, eco-
nomic, and efficient materials. Baits offer a relatively be-
nign approach to pest control near sensitive sites; they are 
rapidly consumed by most grasshoppers and Mormon 
crickets and, in general, are not as toxic to vertebrates as 
other materials used in the past. 
 

Camnula pellucida is a severe pest on rangeland grasses, 
small grains and alfalfa, and can be readily controlled  if 
populations are located during nymphal surveys. The fol-
lowing trial with C. pellucida was conducted to evaluate the 
efficacy of some potential substitutes to carbaryl (bifenthrin, 
Rynaxopyr®, indoxacarb, metaflumazone, and Permethrin) 
on currently available carriers (Table 1). 
 

Materials and Methods 
Adult C. pellucida were 
collected a few miles 
south of Mormon Lake, 
AZ (7366 ft elev.) Sept. 
2010 and returned to the 
lab, placed in cages and 
fed romaine lettuce and 
Cheerios. The test began 
Sept. 9, 2010 at the 
CPHST Phoenix lab 
range (1129 ft elev.) using 
Buchloe dactyloides and 
Bouteloua gracilis.   
 

One of 16 treatments was applied at 10 lbs / ac (0.040 gm) 
to each 2-gallon cage (7.75 inches in diameter, five C. pel-
lucida / cage). The treatments included three carriers with-
out toxicant and one untreated control. Each cage was 
checked for 7 days for mortality.  
 

Results 
The Kaplan-Meier analysis, used to study time to an event 
(such as mortality), analyzed our data; it revealed no differ-
ence among carriers, indicating equal grasshopper accep-
tance to the baits tested. Therefore our results are based 
on comparing only toxicants and their doses. 
 

Figure 1 shows the mortality curves for those toxicants that 

show promise; bifenthrin, indoxacarb, and Coragen. These 
materials produced similar results to the standard carbaryl 
treatment. If enough material is available, larger plots (10 
acres) may be used for optimal scale testing in 2011. 
 

Other results indicate the concentration of the meta-
flumizone (0.15%) is too low and the concentration of Cor-
agen is too high. The higher dose of Coragen did not give 
as effective results as the lower dose, leading to the specu-
lation that this rate may be causing the bait to be rejected 
rather than ingested. We also suspect that the meta-
flumizone rate may be too low, but until a higher concentra-
tion is available, work will continue with current materials. 
Metaflumizone, indoxacarb and Coragen are on the EPAs 
list of ‘soft’ chemistry and are likely to be viewed favorably 
if they are economical and efficacious in future trials.   
 

Conclusions 
Carbaryl on wheat bran continues to be the best overall 
combination. Four other materials show promise and war-
rant further testing; metaflumizone, bifenthrin, Coragen, 
and indoxicarb. Metaflumizone and Coragen should be 
evaluated at additional rates to look for a balance of dose, 
cost and acceptance. The bifenthrin should be field tested 
on a larger scale against carbaryl as soon as possible. 
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Comparison of registered and selected unregistered toxicant baits against 
Camnula pellucida, September 2010 
CPHST STAFF:  Larry E. Jech (Lead), R. Nelson Foster, K. Chris Rueter, Lonnie R. Black 
PPQ STAFF:   Dewey Murray 
CONTACT: Larry E. Jech (larry.e.jech@aphis.usda.gov, 602-431-3237) 

Toxicant Carrier    % 
Control Wheat Bran Untreated 
Control Crumbles Untreated 
Control Tast-E-Bait Untreated 

Carbaryl Crumbles 5.00 

Carbaryl Tast-E-Bait 5.00 

Carbaryl Wheat Bran 5.00 
Bifenthrin Crumbles 0.20 
Indoxicarb Crumbles 0.22 

Indoxicarb Defatted 
Corn 0.22 

Indoxicarb Tast-E-Bait 2.00 

Indoxicarb Tast-E-Bait 4.00 

Metaflumizone Crumbles 0.15 
Permethrin Crumbles 0.60 

Table 1.  Toxicants and carri-
ers tested (% concentration). 

M
or

ta
lit

y 
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) 

Figure  1.  Baits and carriers selected for further study. 
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Comparison of the PPQ standard 80° with a 40° flat fan nozzle tip for control of 
rangeland grasshopper 
CPHST STAFF: Larry E. Jech (Lead), Nelson Foster, Chris Reuter, Lonnie Black 
APHIS, PPQ, AEO:   Daryl Hill 
CHAMPIONS:  Bruce Helbig (PPQ State Plant Health Director, South Dakota), 
   Gary Adams (State Plant Health Director, Montana) 
Contact:   Larry E. Jech (larry.e.jech@usda.aphis.gov, 602-431-3237) 

Introduction 
Aerial pesticide application began in 1921 using insecticidal 
dusts to control an outbreak of cotton leaf worm. Originally, 
aircraft were used for quick application of insecticidal dusts 
from crude hoppers modified to spread the dust through 
sliding gates, first with hand driven, and later air driven 
feeders. Today, current aircraft recommendations can be 
found in the APHIS-PPQ Aerial Application Manual. Al-
though PPQ specifies that an 80° flat fan nozzle be used to 
make pesticide applications on rangeland grasshopper and 
Mormon cricket, many private applicators would like to use 
other nozzles that may perform better and are easier to 
change than the 80° nozzle. This report describes our test 
of a 40° flat fan nozzle tip under field conditions. 
  

The 40° flat fan tip was chosen to test because the droplet 
spectra is purported to produce fewer than 10% small drop-
lets (0.1 µm in diameter) and fewer than 90% large droplets 
(0.9 µm in diameter). Large droplets fall rapidly while small 
droplets remain suspended in the air column and are sub-
ject to drift. Therefore, the best solution would be to mini-
mize drift and still provide a large number of droplets that 
contain an appropriate amount of active ingredient, leading 
to increased grasshopper / Mormon cricket control. 
 

The following study compared 40° flat fan nozzle tips to the 
standard 80° flat fan tips. Since many factors can affect the 
performance of these tips, aspects that could be controlled 
(the mix of the materials, speed of the aircraft, direction of 
the nozzle in the air stream, etc.) were kept constant. Depo-
sition of the insecticide was evaluated by using a low dose 
of Dimilin 2L® (diflubenzuron) applied to a mixed population 
of grasshoppers near Edgemont, SD in late June 2010. The 
80° and 40° flat fan nozzle tips are designed to produce the 
same flow rate, so any difference will be due to the spray 
droplet spectra produced. We had two objectives: 
(1) To compare the performance of the 40° and 80° flat fan 
nozzle tips, and 
(2) To learn how the 40° flat fan nozzle tips perform during 
calibration for an application. 
 

Methods and Materials 
The study was conducted in Fall River County, South Da-
kota, near Edgemont on the Mark Tubbs ranch June 27 – 

July 19, 2010. The location was selected because of its;  
grasshopper and grass species diversity, grasshopper den-
sity, and better than average range conditions. The plots 
were contiguous rangeland suitable for aerial sprays in 
close proximity to ongoing studies.  
   

The spray system was calibrated to deliver within 1% of the 
desired rate. The aircraft sprayed the treatment at 32 psi 
with a 75 foot wide swath, was operated at 120 mph and at 
an altitude of 30 feet. The aircraft flew a 150 ft swath spac-
ing for reduced area application treatments (RAATs). Mete-
orological conditions were favorable for all applications.   
 

Diflubenzuron was applied at 0.75 fl oz / acre with 0.6 fl oz 
paraffinic oil and 3.4 fl oz vegetable oil, brought up to a total 
volume of 13 fl oz. Six T-Jet® SS-8003 80° flat fan stainless 
steel tips (Tee-Jet Technologies; Wheaton, IL) previously 
calibrated for another trial were used to make the first appli-
cation. The aircraft was then reconfigured with the 40° 
4003 flat fan stainless tips (UniJet®; RELAB, China) sold by 
Industrial Spray Systems. 
 

The treatment was on June 28, 2010 to replicated 40 acre 
plots with a Cessna Ag Truck equipped with winglets (DBA- 
Ag Tips: Clark Oberholtzer, Alberta, Canada). Winglets are 
added to the aircraft to reduce the production of fine drop-
lets and to improve aircraft handling. The aircraft was 
equipped with a standard commercial spraying system and 
differentially corrected guidance and recording system. 
Ground personnel also provided advice to the pilot ensuring 
acceptable abiotic operating parameters during application. 
Oil sensitive dye cards were placed at canopy level (spaced 
15 m apart) and their position was recorded with a GPS 
unit. Analyses of the cards were carried out using the Neat- 
Receipts® Neat Business Cards Mobile Full Color Card 
Reader/Scanner (The Neat Company) and a program de-
veloped by Zhu (2009) for measuring the impact of droplets 
in herbicide applications. 
 

Grasshopper populations in all plots were counted and 
sampled 1-3 days before treatment, then every seven days 
after treatment for 21 days. Corresponding check samples 
were also taken. Grasshopper densities were determined 
by counting in forty 0.1 m2 rings arranged in an approximate 
100 yard diameter circle near the center of each 40 acre 
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plot. Rings were separated from adjacent rings by ca. 15 
feet (5 m). The abundance of each species was determined 
from uniform sweep samples taken at each site. Each sam-
ple consisted of 50 high and fast sweeps (for older instars 
and the more active species) and 50 low and slow sweeps 
(for young instars and less active species). Sweep samples 
were always collected immediately after grasshopper densi-
ties had been determined and were frozen and stored until 
they could be sorted and identified in the lab.   
 

Data were expressed as percent survival based on pre-
treatment counts in the same plot and were adjusted for the 
natural population change by using the mean values of the 
untreated plots. We then converted to percent control, ac-
commodating the natural population change to insure 
against natural mortality and other environmental factors 
that affect grasshopper counts which can confound the real 
differences among treatments. 
 

Results and Discussion 
Pretreatment densities from individual sites ranged from 7.5 
- 20.5 grasshoppers / m2 and averaged 14.15 in all plots. 
The 80° tip plots ranged from 8.5 - 20.5 and the 40° tip 
plots ranged from 7.5 - 15.75. The untreated plots ranged 
from 11.25 - 20.5. At the time of treatment the age maturity 
index was 3.79, optimal for the control profile of 
diflubenzuron. The dominant species were Ageneotettix 
deorum (32.44%), Cordillacris occipitalis (24.42%), Aulo-
cara elliotti (16.71%) and Melanoplus sanguinipes 
(14.40%). These four species represented 88% of the field 
population captured, results common in the Mixed Grass 
Prairies of the Northern Plains and can cause extensive 
damage at high population densities.  
 

Analysis of grasshopper density indicates a strong re-
sponse to the treatments (Fig. 1), with the treated plots 
significantly different than the untreated plots (P<.0001). 

Using a repeated measures design it was found that there 
are no detectable differences between the nozzle tips. The 
40° tip mortality is about 6% lower; rep. 1 appeared to be 
low and resulted in reduced overall mortality. The other 
reps. show consistent results.  
 

It was expected that the 40° tip would provide better control 
than the 80° tip because it should produce fewer small 
droplets (<100 µm), resulting in less drift. In comparing the 
dye cards, the differences between the tips were not as 
dramatic as expected. On closer examination the 40° tips 
had ‘burrs,’ probably due to failure to do a final finish on the 
tips (Fig. 2); this may have disrupted the droplet spectra 
and probably affected our results.   

Conclusions 
The  diflubenzuron 0.75 fl oz / acre, 0.6 fl oz parafininic oil, 
3.4 fl oz vegetable oil and applied in a total volume of 13 fl 
oz resulted in 96% with the 80° tip and 89% mortality with 
the 40° stainless steel flat fan nozzle tip. The standard rec-
ommended nozzle has not been improved upon to date. 
The burrs on the 40° stainless steel flat fan nozzle probably 
produced more fine droplets than intended. As new nozzle 
tips are developed, experiments will have to be conducted 
to determine if there are any advances to the technology 
that improve control or reduce drift off target sites. 
 

Reference 
 

Zhu, H. 2009. DepositScan, a Scanning Program to Measure Spray 
Deposition Distributions. Software and User Manual Public Release. 
Available: http://www.ars.usda.gov/mwa/wooster/atru/depositscan.  

Figure 1. Changes in grasshopper density after treatments. 

Figure 2.  The arrow points to a burr that was common on 
the 4003 UniJet® nozzles that were used in the trial. 
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Introduction 
The current treatment options for APHIS sponsored grass-
hopper suppression efforts on rangeland are carbaryl 
(Sevin XLR Plus), diflubenzuron (Dimilin 2L) and malathion 
(Fyfanon ULV) sprays, and carbaryl baits. Both malathion 
and carbaryl have been used for almost 50 years. There 
are other treatments registered for grasshoppers on range-
land but certain label restrictions (high volume per acre 
requirements) and cost make them unattractive. An effec-
tive grasshopper suppression program needs controls that 
are effective on both immature and adult grasshoppers, 
under hot and cool conditions, that have short or longer 
residual activity, and that can be applied by air and ground 
as baits or sprays. 
 

A new class of insecticides may offer new solutions for 
rangeland grasshopper control. Coragen is an anthranilic 
diamide, a class of insecticides that provides control 
through a novel target, the ryanodine receptor. Anthranilic 
diamides activate this receptor causing impaired regulation 
of muscle contraction; affected insects exhibit rapid cessa-
tion of feeding, lethargy, regurgitation, muscle paralysis and 
typically die within 1-3 days. Coragen has been shown to 
exhibit a > 500-fold differential selectivity toward insect over 
mammalian receptors (Cordova et al., 2006). Although Cor-
agen has some contact activity, it is most effective through 
ingestion, as are all of the current treatments.  
 

Because of the continued need for multiple treatment op-
tions, evaluations of new alternatives are required. The 
following study was conducted to: 
(1) Evaluate the lowest suggested testing rate (1 fl oz/acre) 
of Coragen against rangeland grasshoppers, 
(2) Compare the field activity of Coragen with the most of-
ten used treatment (Dimilin 2L) on rangeland grasshoppers, 
(3) Generate bridging data for comparison with other pro-
posed studies with Coragen (1, 3 and 5 fl oz /acre), and  
(4) Evaluate an aqueous formulation of Coragen for ease in 
mixing, calibrating and aerial application. 
 

Materials and Methods 
The study was conducted in Fall River County, South Da-
kota, near Edgemont, on the Mark Tubbs ranch July 5 – 
July 20, 2010. The location was selected because of its 

diversity in grasshopper species and grasses, density and 
history of grasshoppers, better than average range condi-
tion, contiguous rangeland suitable for aerially applied plot 
studies, and proximity to several other ongoing studies.   
 

The Coragen (DuPont) formulation of chlorantraniliprole 
was aerially applied to a single 10 acre plot of grasshopper 
infested rangeland. The specific treatment was one fl oz 
(5.9 g AI) plus 63 fl oz of water for a total volume of 64 fl 
oz / acre. This total volume was used because we only had 
32 fl oz of Coragen and the spray system requires a mini-
mum of 10 gallons of final spray mix.  
 

The treatment was aerially applied at 100% coverage on 
July 6, 2010. One untreated plot from an ongoing adjacent 
study was included in the experimental design for compari-
son. The treatment was applied with a Cessna Ag Truck 
equipped with winglets (DBA- Ag Tips: Clack Oberholtzer, 
Alberta, Canada), used to reduce the production of fine 
droplets and improve handling. The aircraft was equipped 
with a standard commercial spraying system (calibrated to 
deliver spray within 1% of the desired rate) and differentially 
corrected guidance and recording system; ground person-
nel helped to ensure acceptable operating parameters. We 
used 23 x 8004 stainless steel flat fan spray tips (30 psi). 
The aircraft was calibrated for a 75 feet wide swath oper-
ated at 120 mph at an altitude of 30 feet during treatment.  
 

Generally, grasshopper density and species composition 
sampling followed protocols established by Foster and 
Reuter (1996). Grasshopper populations in the plots were 
counted and sampled 1-3 days before treatment and at 3, 
7, and 14 days after treatment. Grasshopper densities were 
determined by counting grasshoppers in forty 0.1 m2 rings 
(Fig. 1) arranged in an approximate 100 yard diameter cir-
cle near the center of each plot. Rings were separated from 
adjacent rings by about 15 feet. 
 

In addition, the abundance of each species was determined 
from sweep samples taken at each site (Foster and Reuter, 
1996) which were collected immediately after grasshopper 
densities had been determined. After collection, samples 
were cold stored until they could be sorted and identified. 
 

For the general population, data were expressed as percent 
mortality, based on pretreatment counts in the same plot. 
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Data was also adjusted for the natural population change 
by using mean values of the untreated plot on the appropri-
ate day. This allowed for converting data from percent mor-
tality to percent control and accommodated the natural 
population change to insure against natural mortality and 
other factors that affect grasshopper counts and can con-
found real differences between treatments. 
 

A Kruskal-Wallis one-way nonparametric analysis of vari-
ance was performed for each post-treatment sampling in-
terval. We used Statistix® 8 Analytical Software for our 
analyses (Table 1). 
 

Results and Discussion 

Pretreatment plot densities were 10.8/m2 (Coragen) and 
18.8/m2 (untreated); the population maturity index was 
0.713 and the total mean age was 4.3 (slightly above 4th 
instar). The six most abundant species were Spharagemon 
collare 33.3%, Melanoplus sanguinipes 16.7%, Ageneotet-
tix deorum 11.1%, Aulocara elliotti 11.1%, Melanoplus 
packardi 11.1% and Trachyrhachys kiowa 11.1%. 
 

The Coragen plot demonstrated a substantial and signifi-
cant decline at all of the time intervals evaluated when com-
pared to untreated populations (Table 1). A cursory exami-

nation of species composition data generated from post-
treatment sweep samples suggests the possibility of un-
equal susceptibility in the species evaluated during this 
study. M. sanguinipes was second in prominence before 
treatment, but was 7–10 times more prevalent than any 
other species in post-treatment samples. Additional studies 
will be needed to provide a clearer understanding of this 
result. 
 

While the dose studied produced significant mortality, it was 
not at a level sufficient to compete with existing USDA 
treatments, which produce 90-98% mortality in full treat-
ments and 80-98% under Reduced Agent Area Treatments 
(RAATs). RAATs are applied at one-half to one-third the 
standard dose and are applied to 50-80% of the infested 
area in alternating treated and untreated strips.     

The dose of Coragen evaluated in this study was fast acting 
but insufficient to yield mortalities that could compete with 
existing treatments used on rangeland grasshoppers in 
USDA sponsored programs. Slightly higher doses could 
provide the needed level of control and should be evaluated 
along with lower total volumes per acre under replicated 
field plot studies and operation scale studies.  
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Figure 1. Grasshopper density estimates determined by 
counting grasshoppers in forty 0.1 m2 rings. 

  3d post-treatment 7d post-treatment 14d post-treatment 

Treatment %  
reduction 

%  
control P-value %  

reduction 
% 

 control P-value %  
reduction 

%  
control P-value 

Coragen 60.47 57.64 0.0274 58.14 55.78 0.0047 72.09 76.99 0.0047 

Untreated 6.67     5.33     -21.33     

Table 1. Mean percent reduction and control of rangeland grasshoppers aerially treated with 
a selected dose of Coragen near Edgemont, South Dakota, 2010. 
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Introduction 
The broad and varying conditions under which grasshopper 
control is implemented require several tools that function 
differently. This program requires choices that provide con-
trol on the active stages of grasshoppers in both hot and 
cool conditions, that have either short or long residual activ-
ity, and that can be applied by air and/or ground as baits or 
sprays. The current treatments for APHIS sponsored grass-
hopper control efforts on rangeland are carbaryl (Sevin XLR 
Plus), diflubenzuron (Dimilin 2L), and malathion (Fyfanon 
ULV) sprays and carbaryl baits. While these treatment op-
tions are highly effective in controlling grasshoppers, the 
economics of each is of continuous concern. 
 

Diflubenzuron (Dimilin 2L, Chemtura Corp.) has been an 
ultra low volume (ULV) option since 2000. It was originally 
applied at 31 fl. oz. (1 fl. oz. Dimilin 2L + 10 fl. oz. oil + 20 fl. 
oz. water) / treated acre in traditional and reduced agent 
and area treatment (RAATs) applications. Mixes have 
evolved to include vegetable oil and/or paraffinic oil in vari-
ous ratios. While this flexibility has facilitated greater use, 
the accompanying complications should be considered. 
Different diluents or diluent mixes can exhibit different spe-
cific gravities and flow characteristics that affect calibration. 
 

The current label for Dimilin has been modified to allow for 
lower ULV applications; it allows total volumes of 12–32 fl. 
oz. / acre but requires at least 4 fl. oz. of emulsified vegeta-
ble or paraffinic crop oil / acre, with at least two parts of 
water for each one part of oil or other additives with no oil 
requirements. This higher volume occupies more space 
(less acres treated per load), requires more mixing time, 
and increases the cost. Several attempts to simplify this mix 
by eliminating the oil portion have resulted in; precipitation 
in the aircraft tank and difficulty in post application clean up 
(In-Place, Wilbur-Ellis), restrictions on BLM land (R11, 
Wilbur-Ellis), or inconsistent results (Tri-Fol, Wilbur-Ellis). 
 

The following field study, using another deposition aid, EDT 
Concentrate (Wilbur-Ellis), was conducted to simplify and 
standardize the pre-spray mixing and calibration of Dimilin 
treatments while improving the cost of ULV applications.  
Our objectives were to: 
(1) Lower the cost of the diluting materials used in Dimilin 
spray mixes without sacrificing control, 

(2) Simplify pre-spray mixing and calibration by replacing 
current diluents with a single, effective standard, 
(3) Compare EDT Concentrate and water / Dimilin mixes 
applied as RAATs with the traditional full coverage and 
RAATs treatment  mixes, and 
(4) Compare EDT Concentrate and water / diluent / Dimilin 
mixes under traditional and RAATs mixes to the low volume 
Dimilin, paraffinic oil, canola oil and water mix used by sev-
eral weed and pest districts in Wyoming. 
 

Materials and Methods 
The study was conducted in Fall River County South Da-
kota, near Edgemont, on the Mark Tubbs ranch June 22- 
July 18, 2010. The location was selected because of the 
diversity in grasshoppers and grasses, density and history 
of grasshoppers, better than average range condition, con-
tiguous rangeland suitable for aerially applied replicated 
plot studies, and proximity to other proposed studies. 
 

The five spray mixes used were: (1) 1 fl oz Dimilin 2L + 10 fl 
oz Ferti-Oil (an emulsified vegetable oil, Compton Ag. Ser-
vices) + 20 fl oz water = 31 fl oz / acre applied at 100% 
coverage and termed Dim 1, 100% (the standard Dimilin 
treatment); (2) Dim 1, 100% applied at RAATs 50% cover-
age (Dim 1, 50%); (3) 1 fl oz Dimilin 2L + 0.4 fl oz Ferti-Oil 
+ 3.6 fl oz canola oil + 8 fl oz water = 13 fl oz / acre applied 
at RAATs 50% coverage (Dim 1,WP, 50%); (4) 1 fl oz Di-
milin 2L + 0.09 fl oz EDT Concentrate + 10.9 fl oz water = 
12 fl oz / acre applied at RAATs 50% coverage (Dim 1, 
EDT, 50%); and (5) .75 fl oz Dimilin 2L + 0.09 fl oz EDT 
Concentrate + 11.15 fl oz water = 12 fl oz / acre applied at 
RAATs 50% coverage (Dim ¾, EDT, 50%).  
 

All treatments were applied to square 40-acre plots, repli-
cated four times (includes untreated plots). To insure that 
any one treatment was not assigned to plots with only high 
or low grasshopper densities, pretreatment counts were 
arranged in descending order and divided into four groups. 
Each of the treatments, including the untreated control, was 
randomly assigned to one of the plots within each group.     

Dim 1, 100% was applied on June 24. The Dim 1, 50% was 
applied June 24-26 due to excessive winds. The Dim 1, WP 
50% was applied on June 26. Both Dim 1, EDT, 50% and 
Dim ¾, EDT, 50% were applied on June 27. All treatments 
used a Cessna Ag Truck equipped with winglets (DBA- Ag 

Evaluating EDT Concentrate to replace oil diluents with Dimilin for rangeland 
grasshopper control 
CPHST STAFF  R. Nelson Foster (Lead), Larry E. Jech, K. Chris Reuter, Lonnie R. Black, Daryl E. Hill 
CHAMPIONS  Charlie Brown (Nattional GH/MC Program Manager), 
   Roeland Elliston (PPQ WR Program Manager), 
   Bruce Helbig (PPQ State Plant Health Director, South Dakota) 
CONTACT  Nelson Foster (nelson.foster@aphis.usda.gov, 602-431-3245) 

PAGE 57                               2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT  
            

GRASSHOPPER / MORMON CRICKET 



2010 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT                            PAGE 58           

Tips: Clark Oberholtzer, Alberta, Can-
ada), used to reduce the production of 
fine droplets and improve handling. The 
aircraft used a standard commercial 
spraying system (calibrated to deliver 
spray within 1% of the desired rate 
using 8003 nozzle tips) and differen-
tially corrected guidance and recording 
systems; ground personnel ensured acceptable operating 
parameters. RAATs 50% coverage treatments were 
achieved by calibrating the aircraft for a 75 feet wide swath 
and spacing the aircraft at 150 feet. Dim 1, 100% was ap-
plied with a 75 foot swath width and spacing. Applications 
occurred at 30-40 feet altitude.  
 

Grasshopper density and species composition sampling 
followed protocols established by Foster and Reuter (1996). 
Populations in the plots were counted and sampled 1-3 
days before treatment and at 7, 14, and 21 days after treat-
ment. Densities were determined by counting grasshoppers 
in forty 0.1 m2 rings  arranged in an approximate 100 yard 
diameter circle near the center of each plot. Rings were 
separated from each other by about 15 feet. 
 

The abundance of each species was determined from uni-
form sweep samples taken at each site (Foster and Reuter, 
1996) which were collected immediately after grasshopper 
densities had been determined. After collection, samples 
were cold stored until they could be sorted and identified. 
 

For the general population, data were expressed as percent 
mortality based on pretreatment counts in the same plot, 
adjusted for the natural population change by using mean 
values of the untreated plot on the appropriate day. This 
allowed for converting data from percent mortality to per-
cent control and accommodated the natural population 
change to insure that we accounted for factors affecting all 
plots. To separate means, an ANOVA was performed with 
the Tukey’s HSD multiple comparison test using Systat 6.1 
for Windows. 
 

Results and Discussion 
Pretreatment densities from individual sites ranged from 
11.4-14.9 and averaged 13.3 grasshoppers / m2 in the 
treated plots and 12.6-15.1 and averaged 13.6 grasshop-
pers / m2 in the untreated plots. The average instar age was 
3.194 (between third and fourth instar), considered to be an 
ideal time to treat. The 7 most dominant species were Cor-
dillacris occipitalis (25.5 %), Ageneotettix deorum (23.6 %), 
Aulocara elliotti (17.9 %), Melanoplus sanguinipes (12.9 %), 
Amphitornus coloradus (8.6 %), Phlibostroma quadrimacu-
latum (2.9 %) and Trachyrhachys kiowa (2.3 %).  
 

Through 21 days all sprays produced consistent and signifi-
cant mortality (Table 1). The 31 fl oz / acre treatments 
showed no advantage over the 12 and 13 fl oz / acre treat-
ments. No advantage was seen in the full coverage treat-
ment compared to the RAATs treatments. Also, no advan-
tage was seen with the WP treatment compared to the new  
treatments containing EDT or the traditional high volume 
treatments. The controls attained in 2010 was similar 
(trending higher) to those seen in 2009. The 2010 mortali-
ties, especially those with EDT, were more in line with what 
was expected of Dimilin treatments. 
 

Pathogen exploration of cadavers from this study showed a 
surprisingly high level of the grasshopper fungal pathogen 
Entomophaga grylli, which had not been observed in the 
characteristic “summit disease” death pose in this area in 
the past. This year was very wet compared to most and 
these could help explain greater and/or faster mortalities in 
the control plots compared to the last two years.  
 

No problems in mixing or clean-up were encountered with 
EDT, simplifying the mixing, calibration and clean-up. 
 

The results of this study indicate that when compared to 
some of the previous treatments that relied on various 
types of oils (paraffinic and vegetable), emulsifiers, and a 
touted attractant (canola oil), simpler and more standard-
ized diflubenzuron treatments that produce excellent control 
may be attained. Further testing on larger operational scale 
plots should be conducted to corroborate these findings.      
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  7d 14d 21d 

Treatment %  
mortality 

adj. %  
mortality 

%  
mortality 

adj. %  
mortality 

% 
 mortality 

adj. %  
mortality 

Dim 1, 100%   79.3 a 75.7 a 93.5 a 90.5 a 95.6 a 93.3 a 
Dim 1, 50%   85.5 a 81.9 a 94.8 a 91.4 a 95.3 a 90.7 a 
Dim 1,  WP, 50%  78.4 a 68.7 a 93.5 a 89.9 a 95.6 a 93.6 a 
Dim 1, EDT, 50%  84.5 a 84.7 a 95.2 a 93.4 a 97.1 a 96.1 a 
Dim ¾, EDT, 50%  87.3 a 87.5 a 96.0 a 94.6 a 95.1 a 93.4 a 
Untreated  13.3 b   29.3 b   26.0 b   

Table 1. Mean percent mortality of grasshoppers treated with selected mixes of 
Dimilin. Means followed by the same letter are not significantly different.  
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Introduction 
Ultra-low volume (ULV) sprays (defined as less than 0.5 
gallon / acre) were developed shortly after World War II for 
the control of desert locusts in East Africa. These sprays 
were applied by ground equipment and relied on the very 
fine atomization and drift of the spray. While successful and 
accepted in many parts of the world, these characteristics 
are currently unacceptable in USDA-sponsored control ef-
forts against grasshoppers and Mormon crickets on range-
land. The development of aerial ULV sprays in the United 
States, which rely on larger droplets than those produced in 
atomization sprays, was achieved by the Plant Pest Control 
Division of the USDA in cooperation with American Cyana-
mid in the early 1960’s. These efforts led to the ULV aerial 
application of malathion at 8 fl oz per acre against range-
land grasshoppers, a treatment still available today. 
 

While a majority of land treated in USDA-APHIS sponsored 
programs occurs by air (particularly in outbreak years) a 
significant amount is treated by ground. Due to the concern 
for drift, equipment currently used by APHIS in ground ap-
plications delivers about 3 gallons / acre, many times what 
an aerial application uses. These high volumes are expen-
sive in terms of ferrying and loading times and the cost of 
additional diluting material. Being able to apply spray vol-
umes used by aerial applications on the ground would pro-
vide distinct operational and economic advantages. 
 

The solution is reducing the flow rates, but to prevent at-
omization and achieve an economical swath width, larger 
droplets and thus higher rates of application are required. 
We solved this problem by installing a timer activated sole-
noid switch to quickly turn the spray system on (0.1 sec) 
and off (0.1 sec). A 50% reduction in flow rate could be 
achieved with little or no change in actual coverage. 
 

The following study was conducted to further develop and 
evaluate the on/off solenoid switch to deliver ULV sprays at 
volumes similar to those used in aerial applications.  
 

Objectives 
1) Reduce the total volume / acre requirements for ground 
treatments against grasshoppers on rangeland. 
2) Compare efficacies from ground applications using two 
standard commercial nozzles, one recently modified. 

3) Compare efficacies from timer and non-timer modified 
ground spraying systems. 
4) Compare efficacies from traditional full coverage, alter-
nating treated and non-treated swath coverage using the 
modified ground spraying systems. 
5) Compare Boominator and modified BoomJet nozzles 
with and without the on/off valve at both traditional and re-
duced agent area treatment (RAATs) coverage. 
 

Materials and Methods 
The study was conducted in Fall River County of south-
western South Dakota, near Edgemont on the Mark Tubbs 
ranch, June 28 – July 22, 2010. The location was selected 
because of the diversity in grasshoppers and grasses, den-
sity and history of grasshoppers in the area, better than 
average range condition, contiguous rangeland suitable for 
ground applied plot studies, and proximity to several other 
ongoing studies.   
 

The Jackrabbit Pro ATV Sprayer (Warne Chemical and 
Equipment Co., Rapid City, SD) mounted on a Suzuki Vin-
son QuadRunner ATV was modified with an adjustable 
timer (Eaton timer #E5-248-C142, Carlton- Bates Com-
pany, Little Rock, AR) and an activated solenoid valve 
(ASCO Next Generation Solenoid Valve # 8262P212 ¼ 
inch 12-24 DC, Industrial Automation, Cornelius, NC) to 
quickly switch the spray on and off. 
 

We used the twin nozzle Boominator 1250 and BoomJet 
5880 (body composed of 5 spray tips retrofitted with check 
valves, Fig. 1) for this study. Check valves were installed to 
prevent fluid between the solenoid valve and the tip leaking 
during the off phase. The 5 tip nozzle body consisted of two 
1506 tips located at the 2 and 10 o’clock positions, two OC-
06 tips located at the 4 and 8 o’clock positions and a single 
9502 tip located at the 6 o’clock position.  We also used a 
pressure regulator and a liquid filled pressure gauge to in-
crease accuracy. A bypass of the solenoid valve was also 
installed for ease in changing between the standard and 
timer modified spray systems. The nozzles were mounted 
about 50 inches above ground and directly behind the 
spray tank (Boominator), or about two feet behind the spray 
tank (BoomJet). All nozzles and tips were supplied by 
Spray Systems Technology (Wheaton, IL) except Boomina-
tor nozzles (supplied with Jackrabbit Pro ATV sprayer).  
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The insecticide Dimilin 2L was used in all treatments. Flow 
rates varied greatly between commercial unmodified noz-
zles. As a result the total volume of mixes applied / acre 
were different between treatments. All treatment concentra-
tions were adjusted to deliver 1 fl oz of Dimilin 2L / acre 
when a full coverage treatment was occurring. A deposition 
aid, EDT Concentrate (Wilbur-Ellis), was added to all mixes 
at 3 quarts / 100 gal. of finished mix. The experimental 
treatments were (1,2) Boominator without timer at 100% 
and 50% coverage, (3,4) Boominator with timer at 100% 
and 50% coverage, (5,6) BoomJet  without timer at 100% 
and 50% coverage and (7,8) BoomJet with timer at 100% 
and 50% coverage. The 50% coverage was achieved by 
leaving a full swath untreated between each treated swath. 
 

Each of the 8 treatments was applied to a single 10 acre 
plot on either June 30 or July 1 using electronic guidance 
(Trimble EZ Guide® 250, Westminster, CO) and ground 
measurements for accuracy.  
 

The efficacy of each treatment was assessed using 
changes in the grasshopper populations (Foster and 
Reuter, 1996). Grasshopper populations in treated and 
untreated plots were counted and sampled 1-3 days before 
treatment and at 7, 14 and 21 days after treatment. Grass-
hopper densities were determined by counting grasshop-

pers in forty 0.1 m2 rings arranged in four rows of 10 near 
the center of each 10 acre plot. Rows of rings were sepa-
rated by about 10 yards and rings within rows were sepa-
rated by about 5 yards. 
 

Data were expressed as percent mortality based on pre-
treatment counts in the same plot. For initial analysis each 
set of 10 rings in the 40 ring setup was considered a repli-
cate. Analysis was conducted on both non-ranked and 
ranked data. An ANOVA was performed with the Tukey’s 
HSD multiple comparison test to separate means using 
Systat 6.1 for Windows. Further analyses (using JMP v. 8) 
were conducted using an incomplete replicated main ef-
fects model where main effects were timer/no-timer, Boomi-
nator/BoomJet and 100%/50% coverage. 
 

Results and Discussion 
Pretreatment densities from individual sites averaged 10.7 
grasshoppers/m2 in the treated plots and 20.8 grasshop-
pers / m2 in the untreated plots. At the time of treatment the 
total average instar age (population maturity index) was 
3.826 (between third and fourth instar), considered to be 
very realistic of an ideally timed treatment. The eight most 
dominant species were Ageneotettix deorum (33.4%), Cor-
dillacris occipitalis (22.9%), Aulocara elliotti (16.4%), 
Melanoplus sanguinipes (13.6%), Amphitornus coloradus 
(7.1%),  M. infantilis (1.9%), Phlibostroma quadrimaculatum 
(1.6%) and Trachyrhachys kiowa (1.2%). 
 

All treatments produced mortality significantly greater than 
the control plots except at 21 days after treatment (DAT) 
with the Boominator, no timer, 50% coverage and BoomJet, 
timer, 50% coverage at all time intervals. With the Boomi-
nator this low value was unexpected (the 14 DAT data was 
higher). However, the initial 7 DAT data was also lower 
than other treatments at that time; grasshopper movement 
might explain this perceived outlier. Mortality produced by 
the BoomJet, timer, 50% coverage also was low and not 
significantly different from mortality in the untreated popula-
tions. However, this may be easily explained. During the 
treatment of that plot the spray pressure dropped and upon 
completion of the application the system had more material 
than it should. A post-treatment calibration indicated that 
the last plot was treated at 0.41 gal/acre instead of 0.51 gal/
acre, a 19% reduction from the original desired calibration. 
 

There was no significant difference in mortalities when us-
ing a timer compared to not using a timer, nor was there a 
significant difference in mortalities when comparing the 
Boominator and the BoomJet nozzles. Treatments applied 
at 50% coverage resulted in significantly lower mortality 
than treatments applied at 100% coverage. 
   

Figure 1. Above: The twin-nozzle Boominator 1250 
spray system. Below: The BoomJet 5880 spray system. 
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In aerially applied treatments where alternate swaths are 
purposely left untreated (RAATs), it is not unusual for an 
ca. 15% difference in reduction to occur between full treat-
ments and RAATS. In aerial treatments the dosage may or 
may not be reduced in combination with the alternating 
untreated and treated swaths. Originally RAATs were 
touted as working because of grasshopper movement from 
untreated areas into treated areas. However, in aerial treat-
ments, untreated swaths receive drift; in fact very little area 
actually receives no treatment. We were concerned that 
with RAATs ground applications drift would not be a signifi-
cant factor; that may not be the case. Drift is occurring and 
some of the unsprayed area is receiving spray. Where drift 
may not be occurring, the treatment may be considered a 
more pure RAATs and grasshopper movement into a 
treated area is more easily achieved because the swaths 
are more narrow compared to swath widths used in aerial 
applications. Spray cards placed in the untreated areas 
during ground applications will be needed for corroboration. 
 

Conclusions  
When using the Boominator and timer, a total volume of 
0.51 gal / acre achieved what required 4.12 gal / acre in the 
unmodified system, an 8.1 times advantage in terms of 
acres that could be treated without remixing and reloading. 
When using the BoomJet and timer, a total volume of 0.51 
gal / acre achieved what required 2.025 gal / acre in the 

unmodified system. This groundbreaking improvement 
saves ferrying, mixing and loading time as well as some 
diluting materials currently required of ground applications. 
The timer activated on/off solenoid valve modification can 
be easily adapted to any spray system, and will greatly im-
pact ground spray applications, especially ULV sprays. 
APHIS sponsored grasshopper programs in Arizona and 
North Dakota have used this setup already and modifica-
tions are currently occurring in several other states. 
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Introduction 
Grasshopper and Mormon cricket outbreaks can cause such 
damage that cooperative efforts may be required for relief.  
USDA programs that combat these pests currently rely ex-
clusively on traditional insecticide sprays and/or baits. It is 
not uncommon for environmentally sensitive situations to 
exist in control program areas and to preclude traditional 
chemical insecticide treatments; their presence at best com-
plicates (and more often prevents) much needed local or 
area-wide treatments on rangeland. The development of 
non-chemical measures has long been desired as an alter-
native to traditional pesticides for these control efforts; those 
currently registered for use against grasshoppers have not 
gained commercial acceptance. The fungus Metarhizium 

acridum, active against and specific to Orthopterans, has 
been found in Australia, Africa, Brazil, Peru, and Mexico 
and is registered for use in several countries. However, it 
has not been found in the US, nor have those foreign 
strains been registered for use here.  
 

Another fungus, M. brunneum (formerly M. anisopliae) 
Strain F52, has been registered in the U.S. for control of 
Coleoptera and for soft bodied ticks (Novozymes Biologi-
cals, Salem VA). In laboratory bioassays with immature 
Mormon crickets, we observed that the F52 strain was 
highly infectious, presenting a potential alternative. 
 

The most popular belief concerning ineffective results using 
B. bassiana  (another  fungus registered for grasshoppers 
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but not generally accepted for use) against unconfined field 
populations of grasshoppers supposes that infected insects 
increase body temperatures higher than their typical levels 
by increasing their exposure to sun, resulting in a body tem-
perature too high for fungal growth. Additionally, after sun-
down body temperatures may drop too low for fungal 
growth. This thermoregulation by the grasshopper yields 
only a few hours each day during which fungi can develop. 
As a result, the mycosis takes too long to significantly re-
duce grasshopper populations in a timely fashion. Simply 
put: For a fungi to work as a control agent the strain must 
be active against the target pest and the also must be able 
to replicate at the host pest temperatures in a timely period. 
 

Scientists from CPHST Phoenix Lab, USDA ARS-Northern 
Plains Agricultural Research Laboratory (NPARL), and 
Utah State University (USU) have been collaborating to 
better understand the parameters under which the native 
fungi B. bassiana and M. brunneum show useful activity 
against grasshoppers or Mormon crickets. That effort has 
been energized by the major effort of the PPQ Western 
Region which, in the process of conducting normal grass-
hopper surveys, collects and ships soil samples to USU for 
isolation and identification of potential fungal pathogens. 
This could yield a domestic strain of M. acridum and/or ad-
ditional fungal strains that may be useful against grasshop-
pers, Mormon crickets and other pests. 
 

The following study used ground application spray equip-
ment to apply several isolates of Metarhizium to 10 acre 
plots of grasshopper infested rangeland. 
 

Objectives 
(1) Determine the efficacy of different strains of fungal 
agents on overall grasshopper populations and individual 
species. 
(2) Determine the posttreatment period required until signifi-
cant initial mortality and final effective mortality. 
 

Methods and Materials 
The study site was in Howell Valley, Box Elder Co., near 
Tremonton, UT. The location was selected because of its 
diversity and density of grasshopper species and grasses 
and contiguous rangeland suitable for the study. The vege-
tation was composed of nearly monospecific stands of two 
dominant plants (sagebrush, Artemisia triplex confertifolia 
and winterfat, Ceratoides lanata) and supports a variety of 
upland game including grouse, pheasant and mule deer.  
 

The DWR346 and DWR356 strains of M. robertsi (Donald 
Roberts, USU) and the F52 strain of M. brunneum 
(Novozyme Biologicals) were each ground applied to a 10 
acre rangeland plot. An additional plot treated with only the 
oil carrier was also included in the design. Each plot was 

surrounded by a 110 ft. wide treatment of carbaryl (Sevin 
XLR Plus) to minimize possible grasshopper movement.  
 

Testable quantities of M. robertsi were produced by Stefan 
Jaronski at the USDA-ARS-NPARL in Sidney, MT. The 
conidia were formulated in the lab in emulsifiable vegetable 
oil (Golden Pest Natural Oil) at 1 x 1012 conidia / quart. 
Each quart was mixed with 7 quarts of water (two gallons 
total) for application.  
 

All treatments including the carbaryl buffers were applied 
using a commercial ground application spray system; a 
Jackrabbit Pro ATV Sprayer (Warne Chemical and Equip-
ment, Rapid City, SD) mounted on a Suzuki Vinson Quad-
Runner ATV. The spray system was modified to deliver 
material through a single nozzle Field Jet ¼ KLCSS 5 
(Spray Systems) and calibrated to deliver 2 gallons / acre at 
6 mph and 22 psi with a 25 ft wide swath. 
 

When we arrived to apply the treatments on 12 July, land 
adjacent to our study site was being aerially treated with 
diflubenzuron (Dimilin 2L) by helicopter for rangeland 
grasshoppers, and that treatment was nearly complete. Our 
study continued as planned, since it was not feasible to 
reset the plots. Vegetation samples were collected in areas 
that may have received drift from the helicopter treatments 
and sent to CPHST Gulfport to test for diflubenzuron con-
tamination. Our treatments were sprayed before noon 12 
July, and the buffer zones were treated with SEVIN® (12 fl 
oz / acre) the following day.   
 

To assess density, forty 0.1 m2 rings were placed in four 
rows (10 rings per row) in the center of each plot. Rows 
were separated by 30 feet and rings within rows were sepa-
rated by 15 feet. Grasshoppers were counted on approach 
by the observer as they jumped from the rings, and each 
ring was carefully examined to assure that no individuals 
were missed. Counts were conducted two days before 
treatment and up to 45 days after treatment.  
 

To determine the species composition at each ring site, two 
sets of sweep samples were collected. Each sample con-
sisted of 50 high and fast sweeps (older instars and the 
more active species) and 50 low and slow sweeps (for 
young instars and less active species). Sweep samples 
were always collected immediately after grasshopper densi-
ties had been determined and were cold stored until they 
could be sorted and identified. USU completed the data 
collection, including grasshopper counts and samples.   
 

Results 
Data analysis for the first 21 days of the experiment indi-
cate that no significant difference can be seen between 
plots, including the untreated sites (Fig. 1). Only two sam-
ples taken to detect diflubenzuron from the unplanned heli-
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copter spray detected this chemical. Our test plots were 
apparently uncontaminated.   
   

Several factors potentially confounded our results: 
-Movement of grasshoppers into and out of plots.   
-Plot elevation; grasshoppers increased in the DWR 356 
plot while declining in the others. This plot had the lowest 

elevation and vegetation may have had better access to 
ground water and moist air. Grasshoppers may also have 
been dispersing into the plots from a roadside margin. 
-High populations of spiders. While spiders are commonly 
seen on rangeland, in our experience populations of the 
size we observed in this study are highly unusual. Most 
individuals were large and formed wide above ground webs 
which were trapping large numbers of grasshoppers.  
 

Conclusions   
Although we did not find significant difference among treat-
ments, we gained valuable experience with the application 
technology and the temperature issues associated with the 
biopesticides. Future studies will focus on more optimal 
target age structures, environmental temperatures and iso-
lates with more attractive thermal windows of activity that 
are consistent with typical conditions in the western US. 
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Figure 1.  Population trends among the plots treated with 
the biopesticides and their associated controls, Howell 
Valley, UT, 12 July through 26 August, 2010. 
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