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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) Laboratory; please view it as an attempt to provide 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 2009 
the laboratory staff made advancements in weed and insect management, invasive plant ecology, geospatial and identifica-
tion technology, and pest detection and survey, as follows: 
 

IDENTIFICATION TECHNOLOGY. The Identification Technology Program team managed 17 new and ongoing cooperative 
agreements to produce identification tools, and delivered two exemplary matrix-based tools on both Internet and CD.  A 
highly fruitful relationship with Colorado State University resulted in significant progress on ID Source components, and the 
team explored new horizons in cooperation and stakeholder input for improved project initiation and development.  The ro-
botic automation identification (RAPID) project saw the enhancement of RitaWeb, a tool to provide complete, electronic sur-
vey support, and preliminary, positive results from FlowCAM technology adapted for PCN (potato cyst nematode) detection. 
 

WEED MANAGEMENT.  Scientists discovered that the Canada thistle rust mite occurs on many native Cirsium spp., includ-
ing two new species sampled in 2009. A native US lace bug is now being studied for its potential role in the biocontrol of 
Canada thistle; results showed feeding on native thistles as well as Canada thistle.  Due to ongoing legal issues, Diorhabda 
elongata was not redistributed for saltcedar control in 2009.  PPQ funded CABI Bioscience to conduct pre-release research 
on eight weed targets; dyer’s woad, garlic mustard, hawkweeds, hoary cress, hound’s-tongue, perennial pepperweed, Rus-
sian knapweed, and yellow toadflax.  Funding was also provided to Colorado State U. to initiate rearing of the stem weevil 
Mecinus janthinus for yellow toadflax biocontrol.  Artificial diets for two potential biocontrol insects (one each on loosestrife 
and the diffuse/spotted knapweed complex) were also improved in 2009. 
 

In 2009, CABI Bioscience began surveys for potential biocontrol pathogens in Canada thistle’s native range. Pathogens were 
collected, but political unrest precluded access to sites in China that are climatically similar to the United States. Surveys will 
continue in 2010. An unreported race of Albugo candida, a white rust pathogen, was identified through perennial pepper-
weed surveys. Host specificity and efficacy studies with this A. candida race and another unreported race from California 
were conducted to determine their host range and potential use for biological control.  Both isolates have a similar narrow 
host range that differs slightly. Efficacy studies are still ongoing and will continue in 2010. 
 

The CPHST lab in Fort Collins has an active invasive weed control program.  The primary goal of the program is to improve 
control of federal noxious weeds and other target species selected by the State Plant Health Directors.  The field and lab 
studies include testing the use of selective herbicides, commercial adjuvants, and alternative spraying systems.  Herbicide 
treatments are matched to the local climate and weed species.  Replicated field studies have been conducted on benghal 
dayflower (FL), cogongrass (FL, AL), common tansy (SD), leafy spurge (CO), onionweed (AZ), and yellow toadflax (SD).  In 
2010 new field studies will test herbicide treatments for sweet resinbush and fountain grass (AZ) and giant hogweed (ME).  
In addition, a prototype magnetic sprayer will be tested for spray drift reduction and improved weed control.    
 

INVASIVE PLANT ECOLOGY PROGRAM.  PPQ is revising our Quarantine 37 regulation (plants for planting). Plants with 
an unknown invasive history will be placed on the Plants Not Authorized Pending Plant Risk Analyses (NAPPRA). Our mis-
sion is to develop laboratory and greenhouse methods to evaluate plants that fall into WRA’s “further evaluate category” and 
for problematic plants already established in the U.S. that lack concrete information to support federal regulation. We are 
also developing molecular diagnostic tools for invasive plants.  
 

GEOSPATIAL TECHNOLOGY.  The Asian gypsy moth (AGM) is an exotic pest that has been detected, but not established, 
in the United States.  In 2009 CPHST helped develop a geospatial model to enhance trap placement in Washington and 
Oregon.  This year we have expanded the work to include California.  In addition to the AGM, we are working on models for 
grasshopper population dynamics, an analysis to look at possible correlations of pest outbreaks and areas of high ethnic 
populations, an analysis if different management strategies to control the spread of Asian citrus psyllid in TX., and ways to 
use geospatial technology to monitor invasive weeds. 
 

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 2009 our laboratory staff made significant progress in biological and chemical control of pink bollworm, grass-
hoppers and Mormon crickets, as follows: 
 

PINK BOLLWORM. A sprayable mating disruption formulation for pink bollworm, named PBW-GEL, was tested aerially and 
by ground on 11 Safford, Arizona cotton fields for effectiveness and economic value. GEL is harmless to cotton, has easy 
application and clean-up processes and is effective for 26 - 42 days depending on the timing of application.  Laboratory and 
large-scale field experiments indicated that the OX1138BB (genetically modified pink bollworm that expresses a fluorescent 
protein) compares favorably with the APHIS mass-reared PBW.  The OX1138BB fluorescence is heritable, stable, and de-
tectable with proper light and filter, or with PCR.  These means of identification will vastly reduce the misidentification of wild 
vs. mass-reared moths in on-going and post-eradication practices and lower biological risks, costs and uncertainty. 
 

GRASSHOPPER / MORMON CRICKET. Partnering CPHST, ARS and Utah State University scientists using the Field Aerial 
Application Spray Simulation Tower Technique, previously developed by CPHST scientists, applied five candidate formula-
tions of domestic fungi, pathogenic for Mormon crickets, to 1,104 mini rangeland plots (684, Sidney, MT and 420, Logan, 
UT). Subsamples of field exposed Mormon crickets, moved to the laboratory after 2 days, confirmed that doses sufficient to 
cause 90 to 100% mortality had been administered in the field. Field mortality was substantially lower, delayed and different 
between locations, but temperatures measured in thermal surrogates in the field and meteorological conditions at the two 
sites help explain differences in overall results. These data will further the understanding of operational environmental pa-
rameters necessary for development of successful fungal agents for suppressing rangeland grasshoppers and Mormon 
crickets as well as other non-related pests, current or as yet unforeseen. 
 

To improve the economics of Tracer® (an organic insecticide based on spinosad), it was applied with In-Place®, a deposi-
tion and drift management agent that can extend the half-life of the control agent under field conditions.  Comparisons be-
tween Tracer with and without In-Place, were carried out on ten acre plots against rangeland grasshoppers in South Dakota.  
Cages were placed in the field immediately after application and mortality followed for seven days.  Results indicate that the 
In-Place did extend the half-life in the field and mortality was slightly improved.  However, caged grasshoppers exposed 48 
hours after the initial application showed no mortality for either treatment.  
 

Scientists looked at the acceptability and toxicity for indoxacarb, metaflumazon, bifenthrin, and permethrin when compared 
with carbaryl on currently available carriers for grasshopper control. They found carbaryl on flaky wheat bran continues to be 
the best overall combination. The second best combination was the Indoxacarb 4% on the Tast-E-Bait. Indoxacarb and pos-
sibly metaflumazone appears to have promise, especially if the concentrations of the toxicants are increased. 
 
 

Research was conducted to compare the control efficacy and cost of application of β-cyfluthrin, Baythroid XL with malathion, 
and Fyfanon ULV, against rangeland grasshoppers under field conditions in South Dakota.  There was no difference be-
tween the pyrethroid and organophosphate in control at 2 and 7 days post application.  However, the β-cyfluthrin cost is 6.7 
times the cost of the malathion to apply even using Reduced Agent Area Treatment (RAATs) Strategies.  Future studies will 
look first at reducing the amount of active ingredient followed by cutting down on the amount of diluent required by the label.  
The current rate of 2-10 gallons per acre by air or ground limits the area covered per load and increases the cost. 
 

A two part study was conducted to standardize mixes, reduce diluents, prevent clean-up problems and precipitation seen in 
the experimental treatment mixes, used in aerial sprays with Dimilin. Clean-up problems were eliminated by reducing the 
ratio of In-Place (deposition and drift management agent) to Dimilin in the mix. Precipitation and foaming problems were 
solved by adding 0.25% of R11 (spreader/activator nonionic surfactant) to the mix. These changes, when verified for effi-
cacy, will standardize, simplify and greatly improve the economics of Dimilin sprays. 
 

Scientist redesigned a standard ATV mounted, commercial, 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 from 2 - 4.5 gal/acre to one gal/acre and to provide future capability for ULV rates similar to those used in 
aerial applications (4 fl oz to 32 fl oz/acre). This major advancement saves ferrying, mixing and loading time as well as dilut-
ing materials. The modification can be easily adapted to any spray system, therefore greatly broadening the scope of impact 
on ultra-low volume ground applications. 
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Identification Technology Program: 2009 Year in Review 
 Terrence Walters – ITP Coordinator 
 Julia Scher – ITP Resource Developer 
 Jeff Drake – ITP Engineer 

 Amanda Redford – ITP Technician  

The Identification Technology Program (ITP) supports PPQ 
in its efforts to prevent the entry, spread, and establishment 
of invasive pests in the U.S. by delivering interactive, elec-
tronic identification tools. Our mission is to address new 
identification challenges and embrace advanced technolo-
gies to maximize identification capabilities within PPQ. Our 
clients are diverse in their level of experience as well as in 
their detection and identification responsibilities. We there-
fore strive to support the agency by serving a broad audi-
ence and addressing both current and future needs.  
 

In 2009, the ITP team administered 17 cooperative agree-
ments and contracts with taxonomic and technical experts 
throughout the country to produce identification tools. Our 
team also grew from three members to four with the hiring 
of Amanda Redford as ITP’s Technician. Amanda works 
directly on identification tools and provides training and 
technology support for our numerous tool developers and 
tool users throughout the U.S. 
 

Delivering Matrix-based Identification Tools for Plant 
Protection & Quarantine 

 

One area of focus for the ITP is matrix-based, 
interactive, electronic identification keys. Matrix 
keys, unlike traditional dichotomous keys, are 
media-rich and allow users considerable flexibility 
in the choice of characters. USDA-APHIS-PPQ-
CPHST uses Lucid matrix key software 
(www.lucidcentral.org) to develop and deliver tools 
including one or more Lucid keys linked to media 
such as fact sheets, images, and videos. These 
“Lucid tools” can enhance and complement exist-
ing paper-based resources for purposes of identifi-
cation, verification, and information gathering. 
 

In 2009, ITP released two Lucid tools and initiated 
and continued development of 15 more for use by 
a variety of regulatory officials both domestically 
and offshore. Additionally, two funding requests 
were submitted and approved for development of 
Lucid tools to begin in 2010. One of these, ITP’s 
request for Section 10201 2008 Farm Bill funding, 
includes eight Lucid tools, as well as a long-
overdue assessment component; for the first time, 
tool users will be surveyed about each tool’s value 
and utility. Survey results should provide develop-
ers, stakeholders, and managers with constructive 
data with which to plan future projects and shape 
the ITP team’s direction. 
 

“PIAkey: Identification Guide to Invasive Ants of 
the Pacific Islands” and “LBAM ID: Tools for Diag-
nosing Light Brown Apple Moth and Related 
Western U.S. Leafrollers (Archipini: Tortricidae),” 
both released on CD this year, are standouts in 
terms of quality and content. They showcase two 

Images taken from four Lucid tools in development during 2009, all with an 
expected release date of 2010. Clockwise from upper left: 
 Cracked spot form of Citrus Black Spot on citrus fruit from “Diseases and 

Disorders of Cultivated Citrus in the U.S.” 
 Anastrepha fenestrata (left to right) aculeus of ovipositor, apex of oviscape 

showing dorsobasal scales, and dorsal view, from “Identification Resource 
for the Fruit Fly Species of Anastrepha” 

 Achenes of Senecio inaequidens (Asteraceae), from “Federal Noxious 
Weed Disseminules of the U.S., Edition 2.0” 

 Cochlospermum orinocense (Cochlospermaceae) fruit, from “Identification 
of Imported Dried Botanicals” 
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“firsts” for ITP: identification by video and by molecular se-
quence matching, respectively. In addition, both are under-
going further development to expand their scope: 
“Introduced Ants of the United States,” one of the proposed 
Farm Bill tools to be started in 2010, will expand on PIAkey’s 
geographic coverage area; and “TortAI: Tortricids of Agricul-
tural Importance,” begun in 2009, will broaden LBAM ID’s 
scope to include the entire U.S. and many more pest and 
common non-target species. 2009 was a significant year in 
terms of advancing a major ITP objective: to produce tools 
of broad to comprehensive scope to better serve our clients. 
  

ITP entered an important arena in 2009, that of providing 
identification support for export and trade. Previously, all ITP 
identification tools had been pest- or commodity-based. For 
the first time, ITP is addressing our trading partners’ con-
cerns about invasive organisms on U.S. exported table 
grapes. A proposal was cooperatively developed with  
USDA-PPQ Western Region, California Department of Food 
& Agriculture (CDFA), University of California (UC), and 
grape industry representatives, as well as representatives 
from our trading partners’ plant regulatory departments. 
USDA Foreign Agricultural Service funded the proposal for 
two Lucid tools to cover spiders and weed seeds that are or 
potentially could be associated with California Central Valley 
table grapes. Intended tool users include U.S. county, state, 
and federal inspectors, the California table grape industry, 
and plant inspectors from Australia and New Zealand. 
 

Broadening our Scope: Harnessing the Internet’s  
Potential to Support Identification 
 

The Internet offers a vast collection of identification-themed 
websites containing tools such as keys, fact sheets, and 
image galleries. These digital tools are being widely pro-
duced worldwide as taxonomists and other experts increas-
ingly opt to produce electronic media. However, a means to 
quickly and easily locate and compile such resources is 
lacking. Enter “ID Source,” an online, searchable database 
of information about and links to web-based identification 
tools. ID Source has been conceived as being the preferred 
website to use when looking for useful identification aids on 
the Internet, enabling users to quickly zero in on those 
online identification aids (ID Aids) suiting their particular 
needs. ID Aids are vetted prior to inclusion in the interactive 
ID Source database. Only those sites that meet our stan-
dards of quality, utility, and applicability are included, ensur-
ing user searches yield sites that will help PPQ and coop-
erators quickly identify pests, weeds, and diseases of cur-
rent and future concern. 
 

In 2009, ITP’s ID Source project entered an exciting new 
phase: a cooperative relationship with Colorado State Uni-

Screen-capture of an ant taxon video, one of 20 videos in “PIAkey: 
Identification Guide to Invasive Ants of the Pacific Islands” Lucid 
tool, showing the strong recruiting behavior of Monomorium de-
structor (Singapore ant) at a peanut-butter bait. PIAkey was re-
leased on CD in 2009 (available upon request from ITP) and also 
on the Internet (http://www.lucidcentral.org/keys/v3/PIAkey).  

Home page for a Lucid tool currently in development “TortAI: Tor-
tricids of Agricultural Importance.” Greatly expanding on the scope 
of the 2009 Lucid tool “LBAM ID: Tools for Diagnosing Light Brown 
Apple Moth and Related Western U.S. Leafrollers (Archipini: Tortri-
cidae),” (http://www.lucidcentral.org/keys/v3/LBAM), TortAI covers 
both adults and larvae of pest species as well as common non- 
target species among the approximately 9,500 species in the fam-
ily Tortricidae worldwide. TortAI also enables users to confirm 
identifications by entering molecular data into its expanded DNA 
barcode database. Expected release date of TortAI is 2012. 
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versity was initiated and will continue into 2010. Through 
this highly fruitful association, a computer science team 
has programmed and refined the underlying database us-
ing interviews, user scenarios, and scenario testing to im-
plement customized user interfaces. Two modules were 
developed in 2009: one for ID Aid data entry and one for 
entering, revising, and linking an ID Aid to taxonomy data. 
Also during 2009, a bio-agriculture graduate student vetted 
over 900 websites, and of these, selected and entered over 
550 as suitable ID Aids. ITP plans to release a beta version 
of ID Source in late 2010. 

 Through another project, “ID Image,” ITP seeks to harness 
the potential that online digital image display offers for vis-
ual recognition and comparison as a powerful, “gestalt” 
method of identification. ID Image is envisioned to be an 
online image database facilitating quick visual identification 
of pests, diseases, and weeds of immediate and future 
concern. ID Image is currently in the concept stage; initial 
development involving assessment of PPQ’s needs and 
implementation issues is on the horizon for 2010/2011. 
 

Cooperation: Central to ITP’s success 
 

Through cooperative relationships, ITP is able to develop 
multiple identification tools simultaneously to meet needs 

within PPQ. During 2009, ITP worked with a number of de-
velopment teams through cooperative agreements; these 
collective efforts expanded ITP’s horizons and advanced our 
ability to deliver quality products. For instance, ITP has 
tapped the expertise of Australian entomologist Dr. Jennifer 
Beard of the Queensland Museum for the Lucid tool 
“Identification of Flat Mites of the World.” The team is ex-
tremely fortunate to have Dr. Beard on board, particularly 
due to her valuable experience authoring a previous Lucid 
tool to quarantine significant mites of Australia. As an added 
bonus, Dr. Beard’s collaboration with ITP fosters coopera-

tion between the U.S. and Australia, as 
part of the Quad (Quadrilateral Scien-
tific Collaboration in Plant Biosecurity) 
Lucid initiative to produce Lucid tools 
that benefit efforts to combat invasive 
pests, weeds, and diseases in four 
countries, the U.S., Australia, New 
Zealand, and Canada.  
 

Other Quads support activities include 
a week-long visit by Les Zeller, an en-
gineer sponsored by Australia’s 
CSIRO (Commonwealth Scientific and 
Industrial Research Organization). 
Through this productive meeting with 
ITP’s engineer, we are now developing 
a number of collaborations between 
the U.S. and Australia to support the 
use of robotics in the automation of 
pest identification.  
 

In 2009, ITP made significant strides in 
ensuring the quality of its deliverables, 
by seeking and obtaining stakeholder 
input on two projects. An advisory 
team  was created to advise ITP and 
authors of “Arthropod Pests of Culti-
vated Citrus in the United States” dur-

ing development of this commodity-based Lucid tool. The 
citrus advisory team includes representatives from PPQ-
CHRP (Citrus Health Response Program), CPHST, CDFA, 
and University of California at Riverside. For the grape ex-
port commodity tool, a roundtable meeting was held in 
Fresno, California in December, during which federal, state, 
county, and industry stakeholders provided important input, 
including contributions from our Australian and New Zealand 
trading partners, in the tool’s planning and development. 
This kind of pre-development validation and support sets a 
valuable precedent as a way to direct future identification 
tool projects with higher standards of quality, accountability, 
and deliverability.  
 

Screen-capture showing a portion of the data from the taxonomy database contained within 
ID Source. The “Working” version has been selected for viewing; taxonomy changes can be 
made to this version, which will subsequently become the “Published” version.  Data from 
this database is used to describe the taxonomy covered by each ID Aid. 
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Reaching Out: Providing Training and Support to Tool 
Developers and Clients  
 

ITP supports its many cooperating tool authors by provid-
ing technical and conceptual key-building guidance to en-
sure their projects move forward and achieve a high stan-
dard of quality. Much of this support is offered as issues 
arise, but advance support and training is also offered. In 
2009, ITP met face-to-face with several Lucid tool develop-
ment teams to offer guidance, resolve issues, and track 
progress. Meetings were held with authors of “Diseases of 
Cultivated Citrus in the United States” and “Wood Boring 
Beetles of the World,” while a more structured full-day 
workshop was held with the “Pests and Diseases of Culti-
vated Palms from the United States and Caribbean” team. 
This level of attention has been crucial to the progress and  
deliverability of cooperative projects. 
 

 

ITP also conducts training sessions for clients within APHIS 
and cooperating institutions on using Lucid keys, through 
hands-on instruction and practice. In 2009, participants tried 
out Lucid keys online at the “New Lucid Resources” work-
shop given by ITP during the 2009 NPDN Conference. ITP 
also led a workshop on Lucid keys for the course “Plant Bio-
security Issues and Technologies” at Rutgers University as 
part of PPQ’s Plant Biosecurity Curriculum, a program to 
prepare students for a governmental career in plant protec-
tion regulation. Particularly noteworthy is the central role ITP
-produced Lucid keys have played at hands-on sessions 
during non-ITP workshops focusing on pest identification. 
For example, LBAM ID was featured at a February CDFA 
workshop to train CAPS survey trapping supervisors in rec-
ognizing LBAM and false coddling moth, as well as at an 
April demonstration sponsored by NPDN and NIS. 

 
 
 
 
 
Authors, designers, developers, and 

coordinators comprising the Palm 
Resource Team for the future Lucid 
commodity-based resource “Pests 
and Diseases of Cultivated Palms 
from the United States and Carib-

bean,” taken during “Palm Workshop 
III,” held in Gainesville, Florida at the 

Division of Plant Industries. 

 
 
Terrence Walters, Identifica-
tion Technology Program 
Coordinator (at laptop) dem-
onstrating Lucid keys to stu-
dents at Rutgers University 
during his session of the 
“Plant Biosecurity Issues and 
Technologies” course entitled 
“Developing and Using Lucid 
Identification Tools for Plant 
Protection and Quarantine.” 
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Delivering Automation Technology for Identification 
  

To continually reduce the risk of pest introductions through 
time, we must take advantage of the latest scientific tech-
nologies to improve the efficiency and effectiveness of sur-
veillance methods. The RAPID (Robotic Automated Pest 
ID) project attempts to deliver tools and systems using 
automation. Ultimately, these tools and systems will provide 
direct support for building on and improving our nation’s 
emergency response capacity for early pest detection. 

    

The RAPID project strives to deliver a multifaceted survey 
support system. By automating the handling, counting, clas-
sification, physical sorting, and reporting of survey samples, 
RAPID aims to greatly reduce the volume of survey sam-
ples that must be processed and identified by hand. Be-
yond the advantages of speed and relief from tedium, auto-
mation captures data instantly and frees limited and highly 
trained human resources to focus on the larger picture. 
RAPID utilizes the latest advances in image processing and 
analysis, remote sensing, pattern recognition, industrial 
robotics technology and Internet communications. 
 

RAPID is a federal-state collaborative effort that has made 
significant progress in reaching its stated objectives. The 
CPHST RAPID laboratory is equipped with the project’s 
development system: RITA - Robotic Information Technol-
ogy Assistant, which includes systems for automated sam-
ple feeding and distributing, classification, physical sorting, 
and record keeping. During 2009, significant progress was 
made on two RAPID tools, RitaWeb and PCN ID, and a 
third RAPID tool, Ladybug ID, was initiated. 
 

RitaWeb, a tool introduced in 2008 and enhanced in 2009, 
forms the data foundation for the suite of RAPID survey 
support tools. With the introduction of RitaWeb, users of the 
RAPID automated survey support tools now have access to 
a complete, electronic, end-to-end survey support system. 
RitaWeb is composed of web-based, server-side applica-
tions and relational databases that link all survey aspects, 
providing instant access to survey data. RitaWeb links all 
RAPID survey tools and data, from the definition of survey 
parameters such as trap location and date of collection, 
through automated identification, documentation via imag-
ing, and to the generation of survey statistics and reports. 
RitaWeb leverages the power of the industrial automation 
techniques that are fundamental to RAPID, automatically 
documenting data on every sample that enters the system. 
RitaWeb provides immediate, easily accessible, powerful 
new information for managers, decision makers, survey 
personnel, and scientists. 
 

 PCN ID is a new tool intended to support PPQ’s ever-
expanding survey and detection programs. Using RAPID 
technology, we are conducting a trial of its efficacy in auto-
mating the screening of soil extracts in an effort to identify 
samples contaminated with cyst-forming nematodes. The 
core technology being utilized in this trial is a liquid particle 
analyzer called the FlowCAM©, which combines microscopy 
with particle analysis to process a fluid suspension of flot-
sam from the soil washing process, capture images, and 
filter the result to target a component of the mixture. Origi-
nally developed to analyze sea water samples for plankton, 
the system has been adapted to the study of Potato Cyst 
Nematodes (PCN) in a flotsam of soil and plant debris. This 
trial is ongoing, but preliminary results are positive, indicat-
ing this technology does hold promise for adaptation to 
PCN survey program needs, as well as other similar needs 
within PPQ. 

Ladybug ID. In 2009 the RAPID team began collaborating 
on an NSF-Cornell University project entitled “Have You 
Spotted Me?: Learning Lessons Looking for Ladybugs.” 
This is a citizen science program using ladybugs to illus-
trate concepts such as invasive species, biodiversity, and 
conservation, through activities that connect culture and 
science. Using technologies developed through RAPID, we 
are developing an online automatic identification system for 
ladybugs. Input to the imaging system will be color digital 
photos taken by citizen scientists. Once submitted via the 
web the system will use pattern recognition protocols to 
determine the species each image represents. 
 

The FlowCAM liquid particle analyser (left), includes a pump, 
microscope-like optics, lighting, flow cells, camera, image cap-
ture hardware, and a computer. The flat panel display, on the 
right, is showing PCN cysts. 
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Significant 2009 Activities for the Identification Technology Program Team 

Funding Requests Approved in 2009 

Source: USDA Foreign Agricultural Service 
Title: Digital Diagnostic Tools to Support Table Grape Export to Australia and New Zealand 
Purpose: Funding to develop and deliver two digital diagnostic tools (for weed seeds and spiders) to the Califor-

nia table grape industry, county, state, and federal inspectors, as well as inspectors and port personnel at 
Australia and New Zealand ports of entry 

 
Source: Section 10201 2008 Farm Bill 
Title: Web-based, multimedia resources to pests, diseases, and weeds to support commodity-based and pest-

based surveys 
Purpose: Funding to complete eight identification tools in two formats (commodity-based and pest-based), and, 

following their deployment, an assessment report, based on extensive feedback and input from stake-
holders and clients on their use of the prototype identification tools 

Presentations Given by or Associated with ITP in 2009 

15th Biennial Research Symposium for the Association of Research Directors 
Title: Digital Identification Resource for Insect Pests of Cultivated Palms in the United States and Caribbean 

Countries 
Date: April 3, 2009 
Presenter: ITP Cooperators Muhammad Haseeb and Moses Kairo (Florida A&M University) 
 
PPQ Western Region Program Managers Monthly Meeting 
Title: CPHST’s Identification Technology Program: New Tools and Technologies for Identification Support for 

Plant Protection and Quarantine 
Date: July 15, 2009 
Presenter: Terrence Walters 
 
Annual Meeting of the American Phytopathological Society 
Title: Commodity-based Lucid Tools: What are they? Why do it? Who do they help? What is involved? 
Date: August 3, 2009 
Presenter: ITP Cooperator David Serrano (Broward College and Nova Southeastern University) 
 
CPHST Mission Laboratory Lecture Series 
Title: LBAM Biology and Identification 
Date: September 23, 2009 
Presenter: ITP Cooperator Todd Gilligan (Colorado State University) 
 
Global Ant Project Synthesis Meeting 
Title: Ant ID using Lucid3 
Date: November 5, 2009 
Presenter: ITP Cooperator Eli Sarnat (University of California Davis and University of Illinois) 
 
Second National Plant Diagnostic Network (NPDN) National Meeting 
Title: On the Horizon: Rapid and Streamlined Identification of Current and Exotic Arthropod Pests of Citrus using 

Lucid Software 
Date: December 8, 2009 
Presenters: ITP Cooperators Amanda Hodges, Norman Leppla, and Kirk Martin (Southern Plant Diagnostic Net-

work (SPDN) and University of Florida) 
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Workshops Given by ITP and Cooperators in 2009 

Title: Developing a Commodity-based Lucid Identification Resource for CAPS: Pests and Diseases of Palms 
Cultivated in the United States and Caribbean 

Instructors: Terrence Walters and Julia Scher 
Date: January 22, 2009 
Location: Gainesville, Florida 
Collaborators presented updates on their progress on development of the resource, and planned the path  
 forward to resource release. 
 
Title: LBAM ID: a New Lucid Tool to Support CAPS 
Instructor: ITP Collaborator Marc Epstein (California Department of Food & Agriculture) 
Date: February 26, 2009 
Location: Fresno, California 
CAPS survey trapping supervisor training on how to recognize LBAM and False Codling Moth 
 
Title: NPDN’s Adult Lepidoptera Identification Workshops: LBAM ID 
Instructor: ITP Cooperator Marc Epstein (California Department of Food & Agriculture) 
Date: March 24-26, 2009 (two workshops) 
Location: Davis, California 
Identification training to recognize newly introduced adult pest moth species in trap surveys and to distinguish 

them from established species. LBAM ID, an internet-based Lucid resource for diagnosing LBAM and re-
lated western U.S. Leafrollers (Tortricidae), was demonstrated by its co-author and used by participants 

 
Title:  Plant Biosecurity Issues and Technologies course session: Developing and Using Lucid Identification   
  Tools for Plant Protection & Quarantine 
Instructor: Terrence Walters 
Date: April 22-23, 2009 
Location: Rutgers University, New Jersey 
Rutgers Plant Biosecurity Certificate Program course for its current undergraduate and graduate students 
 
Title: New and Upcoming Lucid Identification Tools for Diagnosticians 
Instructor: Terrence Walters 
Date: December 8, 2009  
Location: Miami, Florida 
Workshop given during the Second National Plant Diagnostic Network (NPDN) National Meeting 
 

Title: Developing a Lucid Identification Resource to Support the Export of Southern California Table Grapes 
Instructor: Terrence Walters  
Date: December 18, 2009 
Location: Fresno, California 
All-day session to plan development of a commodity-based identification resource to support the export of  
 pest-free California table grapes to Australia and New Zealand 

Publications Associated with ITP in 2009 

Title: Molecular Identification of the light brown apple moth (Lepidoptera: Tortricidae) in California using a  
  Polymerase Chain Reaction assay of the Internal Transcribed Spacer 2 locus 
Citation: Journal of Economic Entomology 2009, Volume 102, Number 6, Pages 2333-2342 
Collaborators: USDA/APHIS/PPQ Center for Plant Health Science and Technology, California Department of 

Food & Agriculture, and Colorado State University 
 
Title: Polymerase Chain Reaction-Restriction Fragment Length Polymorphism Method to Distinguish Three  
  Mealybug Groups Within the Planococcus citri-P. minor Species Complex  
Citation: Journal of Economic Entomology 2009, Volume 102, Number 1, Pages 8-12 
Collaborators: USDA/ARS Systematic Entomology Laboratory and University of Maryland 
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Titles (two): LBAM ID: Tools for Diagnosing Light Brown Apple Moth and Related Western U.S. Leafrollers 

(Archipini: Tortricidae) and Wood Boring Beetle Families: A New Lucid Interactive Identification Tool 
Citation: California Department of Food & Agriculture Plant Pest Diagnostics Center 2008 Annual Report, May 

2009, http://www.cdfa.ca.gov/phpps/PPD/PDF/PPDC2008.pdf 
Collaborators: USDA/APHIS/PPQ Center for Plant Health Science and Technology, California Department of 

Food & Agriculture, Montana State University, and Colorado State University 
 
Title: A revision of the Anastrepha robusta species group (Diptera: Tephritidae) 
Citation: Zootaxa 2009, Number 2181, Pages 1-91, http://www.mapress.com/zootaxa/content.html 
Collaborators: USDA/ARS Systematic Entomology Laboratory and University of Panama 

Lucid Tools Delivered by ITP to USDA/APHIS/PPQ and Cooperators in 2009 

Title: LBAM ID: Tools for Diagnosing Light Brown Apple Moth and Related Western U.S. Leafrollers  
  (Archipini: Tortricidae) 
Collaborators: USDA/APHIS/PPQ Center for Plant Health Science and Technology, California Department of 

Food & Agriculture, and Colorado State University 
Availability: Published on the internet (http://keys.lucidcentral.org/keys/v3/LBAM/) and on Compact Disc 
 
Title: PIAkey: Identification Guide to Invasive Ants of the Pacific Islands, Edition 2.0 
Collaborators: USDA/APHIS/PPQ Center for Plant Health Science and Technology, University of California 

Davis, New Zealand Ministry of Agriculture and Forestry, and the Quadrilateral Scientific Collaboration in 
Plant Biosecurity 

Availability: Published on Compact Disc.  

Lucid Tool Beta Versions Completed and Under Peer and Client Review  

Title: Grasshoppers of the Western United States, Edition 4 
Collaborators: USDA/APHIS Plant Protection & Quarantine and Colorado Department of Agriculture 
Release in 2010 
 
Title: Wood Boring Beetles of the World: North American Scolytids (Coleoptera: Scolytinae) 
Collaborators: Colorado State University and USDA Forest Service 
Release in 2010 
 
Title: Diseases and Disorders of Cultivated Citrus in the United States 
Collaborators: USDA/APHIS/PPQ Citrus Health Response Program and University of Florida 
Release in 2010 

Lucid Tools Initiated or in Development by ITP During 2009  

Title: Spiders Associated with California Central Valley Table Grapes 
Collaborators: California Department of Food & Agriculture and University of California Riverside 
Expected Completion: 2011 
 
Title: Weed Seeds Associated with California Central Valley Table Grapes 
Collaborators: California Department of Food & Agriculture and University of California Davis 
Expected Completion: 2012 
 
Title: TortAI: Tortricids of Agricultural Importance 
Collaborators: Colorado State University and California Department of Food & Agriculture  
Expected Completion: 2012 
 
Title: Federal Noxious Weeds Disseminules of the U.S., Edition 2.0 
Collaborator: California Department of Food & Agriculture 
Expected Completion: 2010 
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Title: Identification of Flat Mites (Acari: Tenuipalpidae) of the World: Brevipalpus and Raoiella 
Collaborators: University of Maryland, Australia’s Queensland Museum, and USDA-ARS Systematic  
 Entomology Laboratory 
Expected Completion: 2011 
 
Title: Identification of Imported Dried Botanicals 
Collaborators: USDA/APHIS/PPQ Eastern Region and Delaware State University  
Expected Completion: 2010 
 
Title: Identification Resource to the Fruit Fly Species of Anastrepha: Anastrepha daciformis, grandis, robusta,  
  schausi, and serpentina species groups 
Collaborators: USDA/ARS Systematic Entomology Laboratory, Smithsonian Institution, Commonwealth Scien-

tific and Industrial Research Organization (Australia), and Universidad de Panama 
Expected Completion: 2011 
 
Title: Molluscs of Agricultural Significance to the United States 
Collaborators: University of Florida 
Expected Completion: 2011 
 
Title: Pests and Diseases of Cultivated Citrus in the United States  
This commodity-based resource will include three separate tools: diseases and disorders, arthropod pests, and 

citrus cultivars and relatives 
Collaborators: USDA/APHIS/PPQ Citrus Health Response Program, NC State University, and Univ. of Florida 
Expected Completion: 2012 
 
Title: Pests and Diseases of Cultivated Palms from the United States and Caribbean  
This commodity-based resource will include six separate tools covering mites, scales, beetles, diseases and 

disorders, palm genera, and a general pest key 
Collaborators: Southern Plant Diagnostics Network, University of Florida, Florida A&M University, and Florida 

Department of Agriculture and Consumer Services-Division of Plant Industry 
Expected Completion: 2010 
 
Title: Wood Boring Beetles of the World: Genera of Buprestidae 
Collaborators: Calif. Department of Food & Agriculture, University of California Davis, and Harvard University 
Expected Completion: 2011 
 
Title: Wood Boring Beetles of the World: Genera of Bostrichidae 
Collaborator: Montana State University 
Expected Completion: 2012 
 
Title: Wood Boring Beetles of the World: Genera of Xyleborina Ambrosia Beetles 
Collaborators: NSF PEET, University of Wisconsin, and Michigan State University 
Expected Completion: 2010 
 
Title: Wood Boring Beetles of the World: North American Genera of Ironclad and Cylindrical Bark Beetles  
  (Coleoptera: Zopheridae) 
Collaborator: University of New Mexico 
Expected Completion: 2011 
 
Title: Wood Boring Beetles of the World: World Genera of Longhorn Wood Boring Beetles  
  (Coleoptera: Cerambycidae: Onciderini) 
Collaborator: University of New Mexico 
Expected Completion: 2011 

Digital IDENTIFICATION TECHNOLOGYDigital IDENTIFICATION TECHNOLOGYDigital IDENTIFICATION TECHNOLOGY  
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Canada thistle, Cirsium arvense (Asteraceae), is among the 
most 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 contin-
ues.  This report summarizes 2009 activities with a native 
lace bug and an accidentally-introduced rust mite that feed 
on Canada thistle in the US, and assesses the utility of 
these arthropods in a biocontrol program. 
 

Assessment of a native lace bug as a potential Canada 
thistle biocontrol agent. In 2008, I began initial studies 
with an endemic lace bug feeding on Canada thistle foliage 
in eastern Colorado, occasionally causing leaf and shoot 
mortality (CPHST FCL 2008 Annual Report).  This insect 
has been tentatively identified as Corythucha distincta 
(Hemiptera: Tingidae), the distinct lace bug.  Host utilization 
studies with the lace bug and various nontarget plants con-
tinued in 2009 with laboratory and field cage tests.  In gen-
eral, my goal was to compare feeding and survival on Can-
ada thistle with that on native and crop plants. 
 

A C. distincta laboratory colony was initiated in fall 2008, 
utilizing adult bugs collected at several Colorado sites.  
Bugs were placed on Canada thistle plants within Plexiglas 
cages, and maintained in a growth chamber (day and night 
temperatures of 25° and 15°C, respectively, and a 16:8 
hour light:dark cycle) or in the lab near a window (under 
ambient temperature and light conditions).  I was able to 
culture three lace bug generations in 2009, though popula-
tions varied considerably through the year.  In general, only 
adult lace bugs from the colony were used in the following 
tests, though field-collected adult bugs were sometimes 
used to supplement numbers in summer tests.  Test plants 
were grown from seeds in the lab, under ambient tempera-
tures and fluorescent lighting (16:8 hours light:dark). 
 

-Survival test.  Four native thistles (Cirsium calcareum, C. 
centaureae, C. scariosum, and C. scopulorum) and the 
exotic weed Canada thistle (C. arvense) were used in this 
study; C. scariosum was replicated three times while single 
plants of the other species were used.  Ten adult lace bugs 
were confined on a large leaf of each test plant, using a 
cylindrical cage (Fig. 1).  Plants were held in a growth 
chamber under conditions described above, and cages 
were examined at 7 and 14 days.  The numbers of live lace 
bugs on plant tissue or the cage, dead bugs and missing 

bugs were recorded.  In general, C. distincta survival and 
location patterns on Canada thistle and native thistles were 
similar, with the exception of comparatively low survival on 
the native C. calcareum after 14 days (Fig. 2). 
 

-Laboratory host choice tests.  Six test plants were ran-
domly placed in a Plexiglas cage, around a central lace bug 
release point.  This experiment was replicated three times, 
with various combinations of test plants depending on avail-
ability. Test plants included native thistles (Cirsium cal-
careum, C. centaureae, C. ochrocentrum, C. tracyi, and/or 
C. undulatum), the exotic weed milk thistle (Silybum mari-
anum), safflower (Carthamus tinctoria), cardoon or Spanish 
artichoke (Cynara cardunculus), and garden sunflower 
(Helianthus annuus).  Each replicate also used a Canada 
thistle plant.  Lace bug adults were released in the center of 
each cage; cages were maintained in a growth chamber 
with a 16:8 hour photoperiod and 25°:15°C thermoperiod.  

Biological control of Canada thistle 
CPHST STAFF:     Rich Hansen (Lead); Christina Southwick (Support)  
CHAMPIONS:  Shaharra Usnick (WR Program Manager); Ron Weeks (ER Program Manager)  
CONTACT:    Rich Hansen (richard.w.hansen@aphis.usda.gov, 970-490-4461) 

Figure 1.  Leaf cages 
used in the lace bug  
survival experiment. 

Figure 2.   Survival and location of lace bug adults at 7 and 14 
days (Hosts: CAL = Cirsium calcareum; CEN = C. centaureae; 
SCA = C. scariosum; SCO = C. scopulorum; ARV = C. arvense). 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT    
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All test plants were examined for live bugs at various dates 
after release.  The relative level of lace bug feeding activity 
(none, slight, moderate, or significant) was noted for test 
plants in replicate 1.  Replicates 1, 2, and 3 employed 30, 
50, and 30 C. distincta adults, respectively. 
 

Utilization of native thistles was similar to, or exceeded, 
utilization of Canada thistle (Tables 1 & 2).  In general, 
crop test plants (cardoon, safflower, and sunflower) and 
milk thistle were not, or rarely, visited by C. distincta. 
 

-Field cage host choice tests.  Nine test plants were 
planted within two 1-m3 fine-mesh cages at the ARS farm 
(Fig. 3).  These included several native Cirsium thistles, 
Canada thistle, milk thistle, sunflower, cardoon, and saf-
flower.  One hundred C. distincta adults were released in 
each cage.  All plants were examined 7, 14, and 21 days 
later and all bugs counted (Table 3, following page).  
Counts were low in both cages; ants were abundant on test 
plants, many of which were infested with aphids, so preda-
tion was probably an issue.  Once again, lace bug counts 
on native thistles were similar to, or higher, than on Canada 
thistle.  Bugs were not observed on safflower or sunflower 
plants, and a single bug was observed twice on cardoon. 
 

Corythucha distincta is apparently a native North American 
insect.  Previous reports had listed Canada thistle and other 

exotic Cirsium and Carduus thistles (not tested here), two 
native Cirsium thistles, as well as plants from Fabaceae, 
Malvaceae, and several other plant families as hosts.  In 
general, many lace bugs are believed to have compara-
tively narrow host ranges.  From these experiments, it ap-
pears that native Cirsium thistles could be the ancestral 
hosts, with closely-related exotic thistles also utilized.  More 
distantly-related plants in Asteraceae (e.g. sunflower, saf-
flower, and cardoon) appear to be poor hosts, at best; host 
records from other plant families are probably erroneous.  
Though C. distincta may occasionally cause significant 
feeding damage to Canada thistle populations, its utilization 
of native Cirsium thistles should eliminate its use as a bio-
control agent. 
 
 
 

Test plant 
(N = native) 

7 d 14 d 24 d 
# live bugs  

on plant 
Leaf  

feeding 
# live bugs  

on plant 
Leaf  

feeding 
# live bugs  

on plant 
Leaf 

feeding 
Cirsium calcareum (N) 3 Slight 2 Slight 0 Slight 
C. centaureae (N) 9 Moderate 11 Significant 2 Significant 

C. ochrocentrum (N) 2 Slight 1 Slight 0 Slight 
C. tracyi (N) 1 None 5 Slight 1 Slight 
C. undulatum (N) 0 None 0 None 2 Slight 
Cirsium arvense 1 None 0 None 0 None 

Total 16 (of 30)   19 (of 30)   5 (of 30)   

Table 1.  Corythucha distincta laboratory host choice test, rep. 1: adult location and feeding (N = native plant). 

Figure 3.  Field 
cages used in the 
host-choice test. 

Test plant 
(N = native) 

Rep. 2 Rep. 3 
7 d 24 d 3 d 9 d 16 d 

# live bugs  
on plant 

# live bugs  
on plant 

# live bugs  
on plant 

# live bugs  
on plant 

# live bugs  
on plant 

Cirsium calcareum (N)     2 2 0 
Cirsium tracyi (N)     5 5 2 
Cirsium undulatum (N) 0 3 0 2 0 
Carthamus tinctoria 0 0       
Cynara cardunculus 1 0 0 0 0 
Helianthus annuus 0 0       
Silybum marianum 0 1 0 0 0 
Cirsium arvense 11 1 0 0 0 
Total 12 (of 50) 5 (of 50) 7 (of 30) 9 (of 30) 2 (of 30) 

Table 2.  Corythucha distincta laboratory host choice test, reps. 2 and 3: adult location (N = native plant). 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   
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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 2009.  Sixteen thistles were sampled for mites 
in 2009, including ten native Cirsium thistles and four exotic 
species.  Among the native thistles, three species were 
sampled for the first time: Cirsium canescens (collected in 
Laramie Co., Wyoming), C. eatonii (tentative identification; 
Summit Co., Colorado), and C. neomexicanum (Mesa Co., 
Colorado).  Putative A. anthocoptes mites were collected 
from all native thistles except C. neomexicanum (Table 4).  
2009 sampling confirmed that no mites have been collected 
from the exotic weed bull thistle (Cirsium vulgare) or from 
any thistles outside the genus Cirsium. 
 

Additional voucher specimens were identi-
fied by Dr. Radmila Petanovic, University of 
Belgrade (Serbia) in 2009.  These confirm 
that mites from seven of the native Cirsium 
thistles and from Canada thistle are A. an-
thocoptes; the identification of mites col-
lected from C. tracyi remains uncertain 
(Table 4).  2009 mite samples from C. 
canescens and C. eatonii will be sent to 
Serbia for identification in 2010. 
 

Our thistle garden, initiated in 2008, was 
sampled for A. anthocoptes abundance dur-
ing summer and fall 2009, to ascertain 
among-host differences in relative mite 
abundance and seasonal population pat-
terns under field conditions.  The garden 
contains seven native Cirsium thistles, the 
exotic weeds Canada thistle, bull thistle, and 
milk thistle, and the crop plants globe arti-
choke (Cynara scolymus) and cardoon.  
Because there were insufficient plants of 

most species for replication, five leaves were removed from 
a single plant of each species at weekly or biweekly inter-
vals.  Fresh leaf samples were weighed, and mites were 
extracted using a bleach solution (CPHST FCL 2008 An-
nual Report) and counted; mite numbers were divided by 
sample biomass to account for among-host differences in 
leaf size.  In general, mites were most abundant on Canada 
thistle and native thistles, with the highest numbers re-
corded from Cirsium scopulorum (Fig. 4).  Populations ap-
peared to ‘peak’ in late August-early September.  A few 
mites were occasionally collected from milk thistle, arti-
choke, and cardoon, but virtually no mites were found on 
bull thistle throughout the season. 
 

 

Test plant 
(N = native) 

Cage 1 Cage 2 
7 d 14 d 21 d 7 d 14 d 21 d 

# live bugs on 
plant 

# live bugs 
on plant 

# live bugs 
on plant 

# live bugs 
on plant 

# live bugs 
on plant 

# live bugs 
on plant 

Cirsium calcareum (N) 2 0 0 9 4 0 
Cirsium ochrocentrum (N) 2 1 4 5 9 4 
Cirsium tracyi (N) 6 13 7 8 8 3 
Carthamus tinctoria 0 0 0       
Cynara cardunculus 1 0 0 0 1 0 
Helianthus annuus 1 0 0 0 0 0 0 
Helianthus annuus 2 0 0 0 0 0 0 
Silybum marianum 1 2 0 0 5 4 3 
Silybum marianum 2       0 1 0 
Cirsium arvense 5 3 7 0 1 1 

Total 18 (of 100) 17 (of 100) 18 (0f 100) 27 (of 100) 28 (of 100) 11 (of 100) 

Table 3.  Corythucha distincta field cage host choice test: adult bug location. 

  Aceria mites coll’d (year)?   
Host plant 2006 2007 2008 2009 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. scopulorum + + + + Yes 

C. tracyi   – + + No (?) 
C. undulatum + + + + Yes 

Exotic thistles           
Cirsium arvense + + + + Yes 
C. vulgare –   – -–   
Carduus nutans – –   –   
Onopordum acanthium     – –   
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Table 4.  Collection and identification of Aceria anthocoptes from various hosts in 
Colorado and Wyoming. 



Results from 2009 confirm earlier observations that; (a) 
Aceria anthocoptes only utilizes thistles in the genus Cir-
sium; (b) at least 10, and undoubtedly more, native Cirsium 
thistles are hosts, and (c) the European thistle Cirsium vul-
gare is not a mite host, corroborating European observa-
tions.  Thus, the utilization of nontarget native plants pre-
cludes the use of this adventive mite as a Canada thistle 
biological control agent. 

However, no beetles from any life stage were collected at 
the Wyoming site in spring and summer 2009; we believe 
that this population no longer survives.  Similarly, no bee-
tles of any life stage were collected in the three Fort Collins 
cages from spring through fall 2009.  Diorhabda adults 
were abundant in all three cages in late summer 2008, and 
presumably some or all of these insects entered diapause.  
Since no adult beetles emerged in the spring, it appears 
that the caged Diorhabda populations did not survive the 
winter.  Perhaps the overwintering substrate available in the 
cages was inadequate to protect beetles from low winter 
temperatures and moisture levels.  We are attempting to 
locate other Diorhabda populations to possibly resume this 
study in 2010. 
 

Biological control of Russian knapweed (Acroptilon 
repens)  
Initial field releases of the bud gall midge Jaapiella 
ivannikovi.  Jaapiella ivannikovi (Diptera: Cecidomyiidae) 
was permitted for US field release in early 2009.  Releases 
were made on the Wind River Reservation near Riverton, 
Fremont County, Wyoming in May and July 2009.  These 
releases utilized mature J. ivannikovi galls, containing pu-
pae, from a quarantine colony established at Montana State 

Biological control of saltcedars (Tamarix spp.) 
Distribution of saltcedar leaf beetles.  In 2009, there 
were no new Diorhabda leaf beetle releases or augmenta-
tion of existing field insectaries in the 10 states involved in 
PPQ’s northern US release program.  This was a conse-
quence of an ongoing legal action addressing possible non-
target impacts of Diorhabda spp. in the southwestern US, 
and reinitiation of program consultation between USDA-
APHIS and USDA Fish and Wildlife Service (FWS).  It is 
uncertain if, or when, active beetle distribution will be re-
sumed.  However, post-release monitoring efforts continued 
at most sites in 2009. 
 

Phenology of saltcedar leaf beetle life stages.  In 2008, 
we initiated a study to document the relative abundance of 
Diorhabda leaf beetle life stages throughout the growing 
season.  These data were collected at two locations: a field 
insectary site near Torrington, Wyoming and caged popula-
tions released near Fort Collins, Colorado (CPHST Fort 
Collins 2008 Annual Report).  Beetle data would be coupled 
with temperature data collected at both locations in an at-
tempt to develop degree day-based Diorhabda phenology 
models, which could be used by cooperators to schedule 
beetle sampling and collection efforts. 
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Figure 4.  Relative abundance 
of Aceria anthocoptes on 12 
potential hosts in ARS farm 
thistle garden (2009). 
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University (MSU) (Fig. 1). 
One caged and two open 
releases were made in May 
and five additional open 
releases were made in 
July, for a total of eight 
separate releases within 
about a 3-ha area.  J. ivan-
nikovi has several genera-
tions per year; monitoring 
visits throughout the sum-

mer discovered progeny galls within the field cage and in 
the vicinity of the various open releases (Fig. 2).  In August 
2009, additional galls from MSU were released at a site 
near Powell, Park Co., WY (also an open release); site vis-
its in September confirmed post-release galling on Russian 
knapweed plants.  Thus, one caged and seven open J. 
ivannikovi releases were made in two Wyoming counties in 
2009.  Post-release sampling showed establishment at both 
sites; 2010 monitoring will confirm winter survival.  If popu-
lations survive and spread in 2010, gall collections may be 
made for distribution in other areas of Wyoming and in 
other western states.  Partners in the Wyoming releases 
include the PPQ Wyoming state office, Fremont Co. Weed 
and Pest, the U. of Wyoming, and Montana State U. 

 

Jaapiella ivannikovi was also released in a field cage at the 
Colorado Department of Agriculture (CDA) laboratory in 
Palisade, Mesa Co., Colorado in August 2009.  Galls used 
in this release originated from a quarantine colony at the 
CPHST Mission laboratory.  Adults emerged from these 
galls, but no obvious post-release galling was observed in 
the cage.  CDA will monitor the cage in spring 2010 to de-
termine if J. ivannikovi has successfully established. 
 

Galls from the Mission quarantine were sent to CPHST Fort 
Collins in October 2009, where they were placed in a 

growth chamber (5.0°:2.5°C day:night temperatures, 12:12 
hours light:dark).  In early 2010, these galls will be removed 
from cold storage; any emerging J. ivannikovi adults will be 
used to initiate a laboratory rearing program at FCL. 
 

Status of the bud gall wasp Aulacidea acroptilonica.  
Aulacidea acroptilonica (Hymenoptera: Cynipidae) was 
permitted for US release in 2008, the first insect approved 
as a Russian knapweed biocontrol agent.  However, diffi-
culties in rearing this insect in quarantine culture (CPHST 
Mission and MSU) have prevented any US field releases.  
Pre-release quarantine rearing is required because A. 
acroptilonica galls collected in its native Asian range are 
typically infested with a variety of parasitoids, predators, or 
inquilines, preventing the direct release of foreign-collected 
material.  In 2008, a field cage release of the wasp was 
made by Agriculture and Agri-Foods Canada in Lethbridge, 
Alberta, but it appears that this population did not establish.  
We will revisit rearing efforts in 2010, hopefully providing 
insects for field release in summer 2010. 
 

Biological control of yellow toadflax (Linaria vulgaris) 
Rearing and release of a yellow toadflax-adapted 
‘strain’ of Mecinus janthinus.  In 2008 and 2009, estab-
lished populations of the stem-mining weevil Mecinus jan-
thinus (Coleoptera: Curculionidae) were confirmed in yellow 
toadflax infestations at several western Montana sites.  This 
was unexpected since the preferred host of this weevil is 
the related Dalmatian toadflax (L. dalmatica), and all other 
M. janthinus releases targeting yellow toadflax had failed to 
establish.  This weevil has successfully controlled Dalma-
tian toadflax at many sites; utilization of the yellow toadflax 
‘strain’ may lead to similar results against this weed in east-
ern and western states.  In June and July 2009, M. jan-
thinus adults from yellow toadflax sites were collected in 
Montana and shipped to CPHST Fort Collins to be used for 
rearing and research by project partners.  Cooperators in-
clude the U. of Idaho, Colorado State U. (CSU), Colorado 
Department of Agriculture, and USDA Forest Service. 
 

In early July 2009, CDA cooperators released approxi-
mately 150 M. janthinus adults in a field cage at a yellow 
toadflax site near Meeker, Rio Blanco County, Colorado 
(Fig. 3).  Post-release monitoring revealed the presence of 

Figure 1.  Jaapiella ivannikovi 
galls released in Fremont Co., 
WY, May 2009. 

Figure 2.  Russian 
knapweed galled by 
Jaapiella ivannikovi, 
Fremont Co., WY, 
June 2009. 

Figure 3.  Caged Mecinus 
janthinus release on yellow 
toadflax, Rio Blanco Co., 
CO, July 2009. 
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stem mines and progeny larvae, pupae, and adults.  If bee-
tles successfully survive the winter, adults will be collected 
in 2010 to initiate new caged releases in Colorado and, 
perhaps, other western states. 
 

In June 2009, additional weevils were provided to CSU 
cooperators for basic research on Mecinus janthinus host 
utilization.  Preliminary results from host performance ex-
periments with the yellow toadflax ‘strain’ of M. janthinus 
indicate that these weevils perform somewhat better on 
yellow toadflax than on Dalmatian toadflax, but that they 
can also lay eggs, feed and develop successfully on either 
host.  Thus, there appears to be no inherent reason why 
the Montana M. janthinus population has uniquely estab-
lished on yellow toadflax; perhaps plant characteristics or 
physical site factors are involved.  CSU will continue these 
experiments in 2010 in an effort to better understand host 
selection by M. janthinus. 
 

CSU also initiated a Mecinus janthinus rearing program in 
June 2009.  Approximately 180 adult weevils were divided 
among three rearing cages, each containing two potted 
yellow toadflax plants.  At weekly intervals, the exposed 

plants were removed from each cage and two new yellow 
toadflax plants were introduced; this continued until the end 
of July, when all adult weevils had died (M. janthinus adults 
are relatively long-lived, and females lay eggs over an ex-
tended period of time).  All exposed plants were maintained 
in an outdoor rearing cage until late November, when the 
aboveground portions of each plant (containing progeny 
adults) were harvested and moved into cold storage (1°C).  
Up to 600 M. janthinus adults were produced in 2009; these 
will be removed from cold storage in late spring 2010 to 
repeat the rearing effort.  By 2011, we anticipate using 
reared adults to initiate field releases in various states. 
 

Biological control of musk thistle (Carduus nutans) and 
Scotch thistle (Onopordum acanthium). 
I completed a ‘white paper’ titled Current status of, and fu-
ture prospects for, biological control of musk thistle and 
Scotch thistle in the US.  This report was requested by PPQ 
Western Region and was delivered to the Regional Pro-
gram Manager and Regional Biocontrol Steering Commit-
tee in November 2009.  It reviews the current options for 
thistle biocontrol and suggested strategies for a renewed 
biocontrol effort against these damaging exotic weeds. 

Introduction.  Before classical biological control can be 
implemented against an exotic weed target, potential bio-
logical control agents must be identified and collected, stud-
ied for possible effectiveness, and screened for host speci-
ficity (i.e. their risk to nontarget native US and crop plants 
assessed).  Pre-release research and development is con-
ducted in the native range of the weed, typically in Europe 
and Asia.  Host specificity, the relative tendency of a poten-
tial agent to restrict its feeding and development to the tar-
get weed while avoiding utilization of other plants, is as-
sessed using (a) no-choice (or starvation) tests, where the 
agent is exposed only to a test plant, and (b) choice tests, 
where the agent is exposed to one or more test plants in 
the presence of the target weed. 
 

This report summarizes the current status of research and 
development efforts addressing 10 weed targets prioritized 
by PPQ.  All were identified during PPQ target canvassing 
efforts 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 con-
ducted by CABI Bioscience (Delémont, Switzerland), along 
with a variety of European and Asian cooperators. USDA-
ARS is collaborating in pre-release research addressing 
hoary cress, Russian knapweed, and hawkweeds.  Through 
a cooperative agreement with CABI, CPHST Fort Collins 
funded pre-release research for all biocontrol projects listed 
below (except hawkweed) in 2009.  A cooperative agree-
ment with the University of Idaho was funded in 2009 to 
provide native US plants for host specificity tests with hawk-
weed agents. 
 

Dyer’s woad, Isatis tinctoria (Brassicaceae).  Biocontrol 
research and development efforts targeting this weed be-
gan in 2005, with natural enemies surveyed in western 
Europe, Turkey, Russia, and Kazakhstan.  Due to budget 
constraints, CABI concentrated developmental efforts with 
three prospective biocontrol agents in 2009.  The root 
crown-mining weevil Ceutorhynchus rusticus is a promising 
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agent with an apparently high degree of host specificity; in 
tests through 2009, it has been able to complete at least 
limited development on only 5 of 63 nontarget host plants 
tested.  The stem-mining flea beetle Psylliodes isatidis is 
another potentially effective agent.  Host specificity tests to 
date indicate that 28 of 60 nontarget plants could support 
some P. isatidis larval development in no-choice tests, 
though utilization is much lower in choice tests.  Preliminary 
host specificity tests with the seed-feeding weevil Ceu-
torhynchus peyerimhoffi began in 2009.  Host specificity 
experiments with all three agents will continue in 2010. 
 

Garlic mustard, Alliaria petiolata (Brassicaceae).  The 
biocontrol development effort targeting garlic mustard was 
initiated in 1998.  Host specificity tests with the most 
promising potential agent, the root-mining weevil 
Ceutorhynchus scrobicollis (Fig. 1), were completed in 
2008, and showed that the weevil developed on only 5 of 
79 plants studied in no-choice or host choice environments.  
No native US plants tested were utilized; however, some 
development occurred on the crop plant watercress, 
Nasturtium officinale.  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 nontarget utilization of several 
native mustards.  CABI plans to conduct additional host 
specificity experiments and re-submit the petition in 2010. 

Other potential garlic mustard agents in development in-
clude three additional Ceutorhynchus weevils, and host 
specificity experiments continued in 2009.  The shoot-
mining weevil C. alliariae was able to complete develop-
ment on 4 of 77 plants tested, including watercress and a 
common native mustard, Rorippa sinuata (spreading yel-
lowcress).  Another shoot-mining weevil, C. roberti, has 
developed on only 3 of 64 nontarget plants tested, none of 
which is a native species.  A seed-feeding weevil, C. con-
strictus, only utilized 1 of 72 plants tested to date –  the 
Eurasian black mustard, Brassica nigra, which is a very 

minor crop plant but also an exotic weed in the US.  Host 
specificity experiments with these three insects will also be 
continued in 2010. 
 

Hoary cress, Lepidium draba (Brassicaceae).  Through 
2009, seven potential biocontrol agents have been identi-
fied and studied by CABI, and four are currently in active 
development.  The agent closest to completion is the stem-
galling weevil Ceutorhynchus cardariae.  This insect was 
able to complete development on 12 (including 7 US na-
tives) of 93 nontarget plants tested in no-choice experi-
ments but did not develop on any nontarget species in 2009 
choice tests.  Host specificity tests will be completed, and a 
release petition submitted to TAG, in 2010.  Testing is 
nearly complete with the seed-feeding weevil C. turbatus, 
which appears to be the most host-specific prospective 
hoary cress agent.  This insect was able to complete devel-
opment on one nontarget plant tested, the European spe-
cies Lepidium campestre (an exotic weed in the US).  Host-
specificity tests will be continued in 2010, with submission 
of a TAG petition in 2010 or 2011.  C. turbatus should be 
able to reduce hoary cress seed production 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.  Melanobaris 
sp., the only root feeder in development, has demonstrated 
larval feeding on 12 of 35 test plants to date, including 5 
native species.  CABI plans to continue host specificity ex-
periments in 2010, after which a decision on whether or not 
to continue research with Melanobaris sp. will be made.  P. 
wrasei appears to be a high impact agent, but with a fairly 
broad host range.  In no-choice larval feeding tests through 
2009, 26 of 78 tested nontarget plants supported develop-
ment, including one native US plant but no crop species.  In 
2010, a decision will be made on whether to continue de-
velopment efforts with P. wrasei. 
 

In 2010, additional natural enemy surveys for new potential 
hoary cress agent may be conducted in Iran, Russian, Tur-
key, and/or Uzbekistan. 
 

Perennial pepperweed, Lepidium latifolium 
(Brassicaceae).  In 2006 and 2007, CABI conducted natu-
ral enemy surveys in Turkey, Russia, Kazakhstan, and 
Russia to identify potential perennial pepperweed agents.  
Preliminary host specificity tests with several prospective 
agents were conducted in 2008 and 2009.  These include 
Ceutorhynchus marginellus, a stem-galling weevil and Phyl-
lotreta reitteri, a stem-mining flea beetle (Fig. 2).               
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Figure 1.   
Garlic mustard 
root weevil,  
Ceutorhynchus 
scrobicollis, 
adult (CABI 
Bioscience). 
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C. marginellus development occurred on 5 of 32 nontarget 
plants in no-choice tests, but these plants were attacked 
much less frequently than the target weed.  P. reitteri com-
pleted development on 15 of 39 plants tested to date, in-
cluding limited development on 8 native species.  Prelimi-
nary studies with a third agent, the root-mining weevil 
Melanobaris sp. near semistriata, show that this weevil is 
distinct from the Melanobaris weevil feeding on hoary 
cress.  Host specificity testing will continue with these three 
insects in 2010.  Host specificity experiments will begin for 
two additional Turkish arthropods: the gall mite Metaculus 
lepidifolii and the stem-mining fly Lasiosina deviata. 
 

F i e l d  b i n d w e e d ,  C o n v o l v u l u s  a r v e n s i s 
(Convolvulaceae).  Two biocontrol agents, the gall mite 
Aceria malherbae and the leaf-feeding moth Tyta luctuosa 
were released in the US in the 1980s, but have had limited 
impact on most field bindweed infestations.  In 2009, CABI 
and its eastern European partners initiated a new develop-
mental effort, primarily seeking potential root- and stem-
feeding bindweed agents.  The host plant test list will be 
revised and submitted for TAG consideration in 2010.  Two 
of the most promising potential new agents are Melanagro-
myza albocilia, a shoot- and root-mining fly, and Longitar-
sus pellucidus, a root-mining flea beetle.  Host specificity 
experiments with these two insects will be initiated in 2010. 
 

Yellow toadflax, Linaria vulgaris (Scrophulariaceae).  
CABI continued research with two promising potential bio-
control agents in 2009: the stem-galling weevil Rhinusa 
pilosa and the stem-mining weevil Mecinus heydeni.  Host 
specificity experiments with R. pilosa have employed 67 
nontarget plants to date, including 41 native North Ameri-
can species.  Limited adult development was observed on 
one native, Sairocarpus virga, in no-choice tests but no 
development occurred on natives in host-choice tests.  M. 
heydeni has been tested with 26 plants, including 21 native 
species; limited development has been observed on two 
native plants in no-choice experiments.  Both agents ap-
pear to have a major negative impact on yellow toadflax 
and are quite host-specific.  Hopefully, host specificity ex-

periments can be completed in 2010, if sufficient native test 
plants are available.  Because of recent taxonomic revi-
sions of the Scrophulariaceae and related families, a re-
vised host plant test list will be completed by 2010. 
 

H o u n d s t o n g u e ,  C y n o g l o s s u m  o f f i c i n a l e 
(Boraginaceae).  In 2009, pre-release research continued 
with the most promising biocontrol agent, the seed-feeding 
weevil Mogulones borraginis (Fig. 3).  This weevil appears 
to be the most host-specific houndstongue agent, and is 
able to reduce seed production by up to 50%.  An obstacle 
to possible release in the US has been host-specificity test-
ing with two critical native plants, Cynoglossum grande 
(Pacific houndstongue) and C. occidentale (western hound-
stongue).  Flowering and seed production have proven very 
difficult with these plants in greenhouse and quarantine 
conditions.  In 2009, CABI successfully accomplished feed-
ing tests with the seed weevil and C. grande; no oviposition 
or feeding were observed on this native plant in host choice 
experiments.  These tests will be completed in 2010, lead-
ing to a possible submission of a TAG petition later in 2010.  
Weevils were collected in Europe and sent to quarantine 
facilities at the University of Idaho and Agriculture and Agri-
Foods Canada (Lethbridge, Alberta) in 2009, to initiate 
colonies for research and field release. 

Russian knapweed, Acroptilon repens (Asteraceae).  
Two agents were permitted for US field release in 2008 (the 
gall wasp Aulacidea acroptilonica) and 2009 (the gall midge 
Jaapiella ivannikovi).  Work on additional agents continued 
in 2009.  These include the root-boring moth Cochylimor-
pha nomadana; this is a potentially effective agent but is 
very difficult to work with in the lab or in the field, and CABI 
is considering suspending research on this insect.  The bud 
gall mite Aceria sp. near acroptiloni appears to be a host-
specific agent, and taxonomic and host specificity studies 
will continue in 2010.  An unidentified leaf-feeding beetle 
from Uzbekistan will be identified and its biology and host 
specificity will be examined initially in 2010.  Several seed-
head gall flies (Urophora spp.) have been identified by 
USDA-ARS; in 2010, life history and host specificity studies 
will continue in quarantine at Montana State U. 
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Figure 2.  Perennial pep-
perweed flea beetle, Phyl-
lotreta reitteri, adult (CABI 
Bioscience). 

Figure 3.  Hound-
stongue seed  
weevil, Mogulones  
borraginis, adult 
(CABI  
Bioscience). 
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Hawkweeds, Pilosella (Hieracium) spp. (Asteraceae).  
CPHST has not directly funded development work at CABI 
with prospective biocontrol agents, but has funded collec-
tion and propagation of native North American test plants 
used in this research from 2007 through 2009.  Orange 
hawkweed (Pilosella aurantiaca) and meadow hawkweed 
(P. caespitosa) are the two primary exotic weeds in the US 
that are targets for new biocontrol agents.  A release peti-
tion for the bud gall wasp Aulacidea subterminalis was sub-
mitted to, and approved by, TAG in 2009; an environmental 
assessment is currently being prepared by APHIS, and field 
release may be permitted in 2010.  Host specificity experi-
ments with the root-mining fly Cheilosia urbana continued in 
2009.  To date, 63 nontarget plants, including 36 native 
North American species, have been tested; several native 
Hieracium hawkweeds supported limited development.  A 
release petition may be submitted to TAG in 2010.  Host 
specificity testing will continue with two other prospective 
agents in 2010: the stem-mining fly Cheilosia psilophthalma 
and the stem gall wasp Aulacidea hieracii. 
 

Canada thistle, Cirsium arvense (Asteraceae).  To date, 
seven insects and a rust fungus have been deliberately or 
accidentally introduced and employed as Canada thistle 
biocontrol agents in the US.  However, no current agent is 
reliably effective, and several have negatively impacted 
nontarget native Cirsium thistles.  Recent surveys show 
that there are few thistle-feeding insects in Europe and Asia 
sufficiently host specific to be considered as potential bio-
control agents for the US.  Thistle pathogens, which may be 
highly host-specific, have received limited attention for Can-
ada thistle biocontrol.  CABI and its partners proposed 
pathogen surveys in the Xinjiang Autonomous Region of 
northwestern China in summer 2009; this region supports a 
diverse Cirsium flora and is climatically similar to much of 
the continental US.  However, political unrest in Xinjiang 
precluded access, so 22 sites in western Mongolia were 
instead surveyed in 2009. A variety of pathogens were col-
lected, but it appears that the Mongolian hosts were the 
closely-related Cirsium setosum rather than C. arvense.  In 
2010, molecular analyses will be used to confirm popula-
tions of C. arvense and C. setosum; additional pathogen 
surveys will also be conducted in Xinjiang and, perhaps, 
Tibet. 
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Perennial pepperweed, an introduced plant in the mustard 
family (Brassicaceae) from southeastern Europe and Asia, 
is invasive throughout the western United States.  It can 
establish in a wide range of environments and is a common 
problem in flood plains, irrigation structures, pasture, wet-
lands, riparian areas, roadsides, and residential sites. Per-
ennial pepperweed can rapidly form large, dense stands 
that displace desirable vegetation. Root segments as small 
as 1 inch are capable of producing new shoots. Perennial 
pepperweed is a prolific plant; in addition to the root re-
serves it is capable of producing 6 billion seeds per acre.  
 

Current research focuses on herbicides for pepperweed 
control. Several postemergent herbicides control perennial 
pepperweed, but repeat applications are usually necessary 
for several years to treat resprouting shoots and seedlings. 
Although there is an active program to find biological con-
trols for perennial pepperweed, there are currently none 
available. Perennial pepperweed is in the same family as 
mustard and canola and 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 pro-
ject was to evaluate the effi-
cacy of white rust on peren-
nial pepperweed and to sur-
vey for other endemic patho-
gens 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 manage-
ment option for perennial pep-

perweed. Of the eleven races of Albugo candida reported to 
cause white rust on a range of hosts within the Brassica-
ceae 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. 
 

In 2006 through 2008, 18 field sites in Colorado and Wyo-
ming in five counties were surveyed for the presence of 
diseased perennial pepperweed. A total of 202 plant sam-
ples displaying disease symptoms were collected, plant 
pathogens cultured and identified. A total of three fungal 
genera were identified including: Albugo, Peronospora, and 
Phyllostitca.   
 

The differential hosts for the 11 known races of A. candida 
were grown and inoculated with the Colorado isolate in 
2008 and 2009 (Table 1). We obtained an isolate of Albugo 
candida from perennial pepperweed from California in 2008 
and have completed the same inoculations of the species 
listed in Table 1. Results indicate that the race of A. can-
dida affecting perennial pepperweed in Colorado and Cali-
fornia is a new or unreported race, because it did not cause 
disease on any of the reported differentials for races 1 
through 11.  
 

Since the Colorado and California isolates did not conform 
to an existing race of A. candida, several native and inva-
sive Lepidium species, crop species, and other species 
within the Brassicacae were grown to begin the preliminary 
stages of host specificity testing for the white rust pathogen 
(Table 2). Both isolates have a similar narrow host range 
that differs slightly. The Colorado isolate infected four hosts 
in addition to perennial pepperweed including Iberis umbel-
lata, Lepidum ruderale, Lepidum sativum, and Stanleya 
pinnata (shown in red). The California isolated infected 
these same four hosts and Lepidium campestre, Lepidium 
draba, and Thelypodium integrifolium (shown in blue). 
 

 

Survey for white rust (Albugo candida) and other natural enemies of Perennial 
pepperweed (Lepidium latifolium) 
CPHST STAFF:   Melinda Sullivan (Lead); Christina Sullivan (Support) 
CHAMPIONS:   Shaharra Usnick (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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Plant Cultivar 

Tests 
for 

Which 
Race? 

Colorado Isolate 
Reaction 

R=Resistant 
S=Susceptible 

California Isolate 
Reaction 

R=Resistant 
S=Susceptible 

Raphanus sativus (radish) French  
Breakfast 

1 R R 

Brassica juncea (brown and 
oriental condiment mustard) 

Mustard, India ten-
dergreen 
  

2 R R 

  ‘Burgonde’ 2A R R 
  ‘Cutlass’ 2V R R 
Armoracia rusticana (horse 
radish) 
  

  3 R R 

Capsella bursa-pastoris 
(shepherd’s purse) 
  

  4 R R 

Sisymbrium officinale 
(hedge mustard) 

  5 R R 

Rorippa islandica  
(water cress) 
  

  6 R R 

B. rapa (B. campestris)   7 R R 
  Broccoli Raab 7 R R 

  ‘Torch’ 7A R R 
  ‘Reward’ 7V R R 
  ‘Tobin’ 7V R R 
  ‘AC Parkland’ 7V R R 

B. nigra (black mustard)   8 R R 
B. oleracea   9 R R 
 Cultivar  group 

acephala (Kale) 
  

  R R 

 Cultivar group 
acephala (Collards) 

  R R 

  Cultivar group  
botrytis (Cauliflower) 

  R R 

 Cultivar group  
capitata (Cabbage) 

  R R 

 Cultivar group  
gemmifera (Brussels 
Sprouts) 

  R R 

 Cultivar group  
gongylodes (Kohl 
rabi) 

  R R 

 Cultivar group italic 
(Broccoli) 
  

  R R 

Sinapis alba (white mus-
tard) 

  10 R R 

B. carinata   11 R R 

Table 1. Reaction of Colorado and California on host differentials for the 11 reported races of A. candida. 
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Plant 

Colorado  
Isolate Reaction 

R=Resistant 
S=Susceptible 

California  
Isolate Reaction 

R=Resistant 
S=Susceptible 

Alyssum saxatile R R 

Arabidopsis 
thaliana R R 

Arabis holboellii var. 
retrofracta R R 

Arabis sparsiflora 
var. subvillosa R R 

Barbarea vulgaris R R 

Brassica napus 
(cvs. Cascade and 
Bridger) 

R R 

Brassica rapa subs. 
pekinensis R R 

Brassica rapa var. 
rapa (turnip) R R 

Camelina sativa R R 

Descurainia  
californica R R 

Descurainia incisa 
subsp. incisa R R 

Descurainia  
californica R R 

Draba reptans R R 

Eruca sativa 
(arugala) R R 

Erysimum  
capitatum R R 

Erysimum cheiri R R 

Hesperis matronalis R R 

Iberis umbellata S S 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   

Table 2. Reaction of Colorado and California isolates of A. candida on native, agronomic, and invasive Brassicaceae.  
Those species in red are susceptible to both A. candida populations, those in blue are susceptible to only one. 

Plant 

Colorado  
Isolate Reaction 

R=Resistant 
S=Susceptible 

California  
Isolate Reaction 

R=Resistant 
S=Susceptible 

Lepidium 
campestre (field 
pennycress) 

R S 

Lepidium  
densiflorum R R 

Lepidium draba 
(hoary cress) R S 

Lepidum fremontii R R 

Lepdium  
lasiocarpum R R 

Lepidium latifolium 
(Perennial  
Pepperweed) 

S S 

Lepidium ruderale S S 

Lepidium sativum S S 

Lepidium virginicum 
var. Pubescens R R 

Lobularia maritima R R 

Lunaria annua 
(money plant) R R 

 Nasturtium  
officinale R R 

Sisymbrium  
altissimum R R 

Stanleya elata R R 

Stanleya pinnata S S 

Thelypodium  
integrifolium R S 

Thelypodium  
laciniatum R R 

Lepidium arvense R R 
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the sorghum/sudangrass cover crop (Fig. 1).  The cover 
crops were about 56 days old when they were sampled.  
Cover crop dry foliar biomass was 63, 107, and 81 g/m2 for 
the iron-clay pea, sorghum/sudangrass, and sunnhemp 
cover crops, respectively.  In comparison, the BDF dry foliar 
biomass was 68, 37, and 44 g/m2 for the iron-clay pea, sor-
ghum/sudangrass, and sunnhemp cover crops, respec-
tively.  Soil fumigants such as metam sodium, metam po-
tassium (Vapam and K-Pam) and dazomet (Basamid) may 
be needed to control the soil seedbank, followed by a fallow 
season to control major infestations of BDF. 

Onionweed, Asphodelus fistulosus, is a federal noxious 
weed that is spreading in New Mexico, Arizona, and Califor-
nia; it is hard to control with Roundup.  Two herbicide field 
studies were installed in the winter of 2008/2009 in Tomb-
stone, AZ.  The objective of the first study was to evaluate 
the efficacy of Escort when applied in December.  The ob-
jective of the second study was to evaluate the efficacy of 
Escort and Manor when combined with two methylated 
seed oil (MSO) adjuvants.  Manor is a generic formulation 
of metsulfuron methyl and is registered for sod and turf 
grass use.  Previous studies found that Escort provided 
excellent onionweed control. 
 

The first study included three treatments of Escort applied 
at 2 oz/ac, used alone or in combination with either MSO or 
a seaweed extract.  Twenty onionweed plants for each 
treatment were individually sprayed, pinned and labeled in 
Dec. 2008.  The second study was installed in Feb. 2009.  

Benghal dayflower (BDF), Commelina benghalensis, is a 
federal noxious weed that is invasive in cotton, corn and 
peanut crops in the southeastern US.  It is tolerant to gly-
phosate, which is used for weed control in all RoundUp 
Ready crops.  BDF germinates late in the season (50-70% 
in July) which coincides with leaf senescence in corn.  Post 
emergent herbicides such as Dual Magnum II lose their soil 
activity by mid-summer, and thus cannot control late sea-
son BDF seedlings.  This is an integrated pest manage-
ment (IPM) study that combines herbicide control with 
cover crops.  The hypothesis of this study is that fast grow-
ing cover crops will provide enough shade and competition 
to effectively suppress late season BDF germination rates. 
 

A field study was installed at the University of Florida, West 
Florida Research and Education Center in Jay, FL in the 
spring of 2009.  The study was a 5 x 5 full factorial design 
testing the interactions among five herbicides and five 
cover crops.  DeKa’b Roundup Ready GMO corn was 
planted on 4/21/09 in 36 inch rows.  It was fertilized in April 
and May.  Five early, post emergence herbicides were ap-
plied on 5/11/09, which were followed by two directed appli-
cations on 6/7/09.  The corn was harvested on 8/30/09, and 
the five cover crops were planted on 9/14/09.  The cover 
crop species were iron-clay pea (Vigna unguiculata), sunn-
hemp (Crotalaria juncea), sorghum/sudangrass hybrid 
(Sorghum bicolor X S. sudanense), and pearl millet 
(Pennisetum glaucum).  The pearl millet seed had mildew 
and did not successfully germinate, so the millet cover crop 
was dropped from the study.  During Nov. 5-13 each plot 
was sampled for cover crop biomass that was clipped from 
randomly placed 0.5 m2 vegetation quads.  BDF biomass 
was only sampled in blocks one and two so treatment ef-
fects could not be analyzed for this variable. 
 

The results do not support our hypothesis.  Although the 
sorghum/sudangrass and sunnhemp cover crops helped 
suppress BDF growth, all treatments were ineffective in 
controlling BDF.  Benghal dayflower is aggressive and rap-
idly spreads across fields, thus partial control of this weed 
results in only slightly slower expansion rates.  Six months 
after treatment (MAT) BDF dry foliar biomass in the control 
plots averaged 94 g/m2 (Fig. 1).  The lowest BDF dry foliar 
biomass sampled in the two blocks was 23 g/m2 for Dual 
Magnum II + Aatrex + RoundUp Weathermax followed by 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   

Updates on the chemical and cultural control of invasive weeds 
CPHST STAFF:  Craig Ramsey (Lead) 
CHAMPIONS:       Al Tasker (National Noxious Weed Program Manager); 
                              Anthony Man-Son-Hing (ER Noxious Weed Program Manager) 
CONTACT:    Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 
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Figure 1.  Benghal dayflower and cover crop oven-dry foliar 
biomass, 6 MAT. 
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Another set of 20 onionweed plants for each treatment 
were individually sprayed, pinned and labeled.  Both stud-
ies were evaluated for onionweed mortality in Nov. 2009. 
 

The first study shows that all three Escort treatments re-
sulted in 100% onionweed control.  Onionweed maintains 
green foliage throughout the winter in Arizona, thus it can 
absorb and translocate foliar applied herbicides when most 
other plants cannot.  Winter applications for onionweed 
control lowers the risk of non-target injury to nearby plants 
and helps applicators (lower temperatures and allowing for 
easily spotting green onionweeds among dormant vegeta-
tion).  The second study had similar results, with virtually 
100% onionweed control with all Escort or Manor treat-
ments (Fig. 2). Manor (1 oz/ac) had 100% control when 
combined with either adjuvant, Phase or MSO with Lecithin. 
Manor can be applied up to 1 oz/ac in most turf conditions.  
To ensure minimal non-target injury to onionweed infested 
lawns, Manor could be applied without an adjuvant during 
the winter months as a directed spray to individual plants.  
Application rates for Manor should be checked for each turf 
species within the infestation. 

Cogongrass, Imperata cylindrica, is a federal noxious 
weed that infests much of the southeastern US.  We in-
stalled an herbicide field study in southwest Alabama to 
compare a conventional boom system with a magnetic, air 
assisted spray system.  The magnetic sprayer 
(MagSprayer) uses hollow magnets in the spray lines to 
induce a north/south charge onto 50 micron droplets, which 
are attracted to the opposing charges on live foliage.  The 
objectives for this study were to: 1) compare the Mag-
Sprayer with a conventional boom sprayer for cogongrass 
control, 2) evaluate three application rates for Chopper, a 
forestry herbicide, and 3) determine the effects of the adju-
vant Cogon-X in combination with Chopper. 
 

In 2007 a randomized complete block study was installed 
with 80 plots using a full factorial design.  The study factors 
were two spray systems, the three Chopper, and three 
Cogon-X rates.  The site was brush hogged in May to re-
duce uneven patch growth, and induce foliar regrowth.  
Chopper treatments were applied 2.5 months later in Au-
gust.  Cogongrass readily resprouts after most herbicide 
applications due to a massive rhizome system.  Herbicide 
efficacy was determined by visually assessing the percent 
cogongrass cover in each plot in the fall of 2008 and 2009. 
 

Chopper maintained very good control (<3% regrowth) of 
cogongrass at 27 MAT (Fig. 3), partially due to root reserve 
reduction by refoliation from brush hogging, high Chopper 
rates and spray timing coinciding with immature foliar re-
growth.  Cogongrass cover for the nine Chopper treatments 
was similar between the MagSprayer and the boom sprayer 
at 27 MAT (p value = 0.8013).  Increasing rates of Chopper 
or Cogon-X did not enhance cogongrass control: according 
to label restrictions, Chopper rates up to 10% (v/v) are al-
lowed only as directed sprays.  Effective cogongrass con-
trol that extends over two years may reduce the number of 
applications on a site, devoting spray equipment, man-
power and other resources to more critical infestations. 

Common tansy, Tanacetum vulgare, is an invasive peren-
nial forb that has infested approximately 125,000 acres in 
South Dakota and is widespread in the lake states.  An 
herbicide field study was installed in June 2005 at Terry 
Peak Ski Resort in Lead, SD.  The objectives of this herbi-
cide field study were to evaluate the response of common 
tansy and other vegetation to Escort and two adjuvants 
(MSO Concentrate applied at 10% v/v and Cogon-X applied 
at 0.16% v/v).   
 

Grass cover increased significantly in all Escort treatments 
when compared to the control plots at 49 MAT (Fig. 4).  
Escort applied at 1 oz/ac provides excellent tansy control 
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Figure 2. Percent onionweed control for Manor and Escort ap-
plied in Feb. 2009 (8 MAT). 
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Figure 3. Percent cogongrass cover for Chopper and Cogon-X  
at 27 MAT. 

PAGE 25                         2009 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT  
            



up to 49 MAT (Fig. 5).  At 15 MAT, tansy stem density was 
121, 67, 5, and 3 stems/m2 for the control, Escort alone, 
Escort + MSO, and Escort + MSO + Cogon-X treatments, 
respectively.  At 49 MAT, tansy stem density was 89, 63, 
11, and 12 stems/m2 for the control, Escort alone, Escort + 
MSO, and Escort + MSO + Cogon-X treatments, respec-
tively.  Although established plants were well controlled, a 
second treatment should be considered when significant 
numbers of new tansy plants have germinated from the 
existing seedbank.  In our study, this was after three or four 
growing seasons, depending on the treatment. 

 
 
 
 
 
 
 
 

Yellow toadflax (YTF), Linaria vulgaris, is classified as a 
noxious weed in many western states, including MT, CO, 
and SD.  Previous research reveals that YTF is difficult to 
control with herbicides, potentially due to its diverse genetic 
profile. Using an open prairie grazed by cattle, an herbicide 
study for YTF was installed in Eureka, SD on the Ordway 
Prairie property owned by The Nature Conservancy.   
 

The objectives of this study are: 1) to determine the efficacy 
of a DuPont numbered herbicide (KJM-44) plus Telar, both 
applied at two rates, and 2) to determine the effects of com-
bining three adjuvants with these herbicides. 
 

The three adjuvants are: Nu-Film (a spreader- sticker that 
increases droplet retention on foliage and protects the her-
bicide from UV degradation), MSO Concentrate with leci-
thin, and Cogon-X.  Each herbicide treatment used a back-
pack sprayer with a nine foot boom, and Stem density for 
YTF was collected before herbicide treatments and again in 
July 2009, 12 MAT. 
 

Control of YTF increased as the KJM-44 and Telar rates 
increased.  Combining the adjuvants with the herbicides did 
not improve YTF control (Fig. 6).  Stem density was 42 and 
1 stems/m2 for the control and KJM-44 + Telar (2.75 oz/ac 
without adjuvants) treatments, respectively, 12 MAT.  The 
YTF was not flowering at time of spraying, and was some-
what shielded from the spray by the taller prairie grass.  
Although the highest herbicide rate resulted in good control, 
the remaining plants could rapidly re-colonize the site if 
repeated herbicide applications were not applied. 
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Figure 4. Percent common tansy cover for three vegetation 
classes and four herbicide treatments, 49 MAT. 
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Figure 5. Percent common tansy cover for Escort applied alone 
or mixed with two adjuvants, 49 MAT. 
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Figure 6. Yellow toadflax density for KJM-44 applied at  
2 oz ai/ac plus Telar at 0.75 oz ai/ac when mixed with three adju-
vants. 
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exact match to those of the reverts, indicating that Rubra 
and the reverts have the same genotype and origin. Rubra 
differed from wildtype cogongrass in the ITS and trnL-F 
regions, verifying that reverts did not originate from wildtype 
cogongrass. 
 

We applied the differences in the DNA sequences between 
cogongrass and Rubra genotypes to develop genotype-
specific DNA primers for polymerase chain reaction (PCR). 
Genotype specific primers provide a cost-effective and reli-
able method to distinguish between the morphologically 

Introduction: With the help of our cooperators, we are 
developing and applying molecular diagnostic technologies 
to provide essential information about invasive plants for 
regulatory purposes (Fig. 1). These technologies provide 
cost-effective and reliable tools to identify plant material to 
ensure clean exports and imports, distinguish among 
closely-related plants, examine relatedness to other plants, 
provide evidence for the enforcement of regulation, and 
verify the origin and pathway of an invader. Invasive plants 
cause substantial harm to both natural and agro-
ecosystems, costing the US an estimated 34.5 billion    
dollars annually (Pimentel et al., 2005). These costs are 
expected to rise due to an increased likelihood that invad-
ers will be introduced  through the ever growing globaliza-
tion of trade. Our ability to safeguard against invasive 
plants relies on information that is sometimes not available, 
such as accurate taxonomy, the ability to distinguish invad-
ers from closely related native and introduced flora, and 
their pathway into the US. This information, along with  re-
solving taxonomic issues including the identification of plant 
taxa not identifiable through morphological analyses, can 
be obtained by applying molecular diagnostic tools.   

Imperata cylindrica ‘Rubra’, an ornamental grass that 
can revert to an invasive form.  A number of intentionally 
introduced plants closely related to known invasive species 
have become invasive themselves. One such plant is a red-
leafed ornamental grass Imperata cylindrica var. koenigii 
(Retzius) that is widely distributed in the US under the 
names of Imperata cylindrica ‘Rubra’, Red Baron, and 
Japanese blood grass. Given the correct conditions, Rubra 
is reported to revert to an invasive form that closely resem-
bles one of the world’s worst weeds and one of our federal 
noxious weeds, cogongrass (Imperata cylindrica). Evidence 
to support reversions, however, was lacking. Thus, it was 
unknown whether the putative reverts originated from wild-
type cogongrass or Rubra. To address this, we conducted 
genetic analyses of Rubra, cogongrass and three inde-
pendent putative Rubra reverts from Maryland, South Caro-
lina and Missouri. Our genetic analysis included in depth 
comparisons of five variable regions in nuclear (ITS) and 
chloroplast DNA (matK, rbcL, ndhF, trnL-F, and TrnH-
psbA). For all regions, DNA sequences of Rubra were an 

Molecular diagnostic technologies for invasive plants 
CPHST STAFF:   Sharon Talley 
CHAMPIONS:   Alan Tasker (PPQ, National Noxious Weed Program Manager);  
            Anthony Man-Son-Hing (ER Program Manager); 
            Donald Givens (WR Program Manager) 
COOPERATOR:   Dr. Leland Cseke (University of Alabama in Huntsville) 
CONTACT:    Sharon Talley (sharon.m.talley@aphis.usda.gov, 970-490-4470) 
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Figure 1: Cooperator, Leland Cseke, and CPHST scientist, 
Sharon Talley, are isolating nuclei for analyses in flow cytometry 
in the CPHST Fort Collins laboratory.  

Figure 2: Example of PCR gel electrophoresis using genotype- 
specific DNA primers and positive and negative controls.  Note 
that Rubra-specific primers only amplify Rubra genotypes. 
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similar revert and cogongrass (Fig. 2) and will aid to main-
tain geographic separation of reverts from cogongrass to 
prevent potential crosses. Preventing crosses between 
cogongrass and Rubra genotypes is necessary, because 
cogongrass requires a different genotype to produce viable 
wind-dispersed seeds (Dozier et al., 1998). In addition,   
Rubra is more shade and cold tolerant than cogongrass 
(Patterson, 1980), and gene flow between them may gener-
ate hybrids that have an expanded geographic potential. 
 

Oplismenus hirtellus ssp. undulatifolius has unknown 
relationship to native and ornamental subspecies.  
Oplismenus hirtellus ssp. undulatifolius (OHU, or wavyleaf 
basketgrass) is a shade tolerant grass that was recently 
discovered invading the forest understory in Maryland and 
has quickly spread to Virginia. The origin of OHU, its ge-
netic relatedness to our native (O. hirtellus ssp. setarius 
and fascicularis) and introduced (O. hirtellus ssp. varigatus) 
taxa and how it entered the US is unknown, yet this infor-
mation is necessary to prevent its spread. There are also 
discrepancies in the taxonomic treatment of the genus 
(Barkworth, 2009, personal communication). Oplismenus 
taxa are highly polymorphic, making some difficult to distin-
guish from each other. We are applying molecular technol-
ogy to develop taxonomic aids and to address whether the 
invasive is a reversion of a commonly sold horticultural vari-
ety, a variant of our native, a distinct taxa, or a hybrid. 
 

Molecular tools for federal noxious weeds that are  oth-
erwise difficult to identify. Molecular tools can serve to 
identify plants (and plant parts) quickly without botanical 
expertise and aid in the enforcement of regulation. Molecu-
lar diagnostics are often crucial to identify plant taxa that 
are too difficult to identify with conventional morphological 
methods due to inadequate specimens, a lack of taxonomic 
information, discrepancies in the taxonomic treatment, high 
polymorphisms, or lack of unique and distinguishable struc-
tures. We are in the process of developing molecular diag-
nostic tools to distinguish federal noxious weeds from their 
non-invasive counterparts. Some candidate taxa include 
Caulerpa taxifolia, Arctotheca calendula, Mikania spp., Oro-
banche spp., Striga spp., Cuscuta spp., Azolla pinnata, 
Commelina benghalensis, Hygophila polysperma, Limno-
phila sessiliflora, Ipomea aquatica and Sagittaria sagittifolia. 
 

To develop the most cost-effective technologies, we exploit 
the vast collections of DNA sequences for plants that are 
already published or stored in public databases such as 
GenBank and BOLD. DNA sequences used to fingerprint 
plant taxa usually consist of short sequences from highly 
variable regions of the nuclear (e.g., ITS) and chloroplast 
DNA (e.g., matK, rbcL, trnL-F, ndhf, and trnH-psbA).     

Recent advances in DNA sequencing technology are    
reducing its cost and making it widely available to use. This, 
coupled with a global initiative to barcode all plant taxa, is 
increasing the volume of high quality genetic sequences. 
Using information available on databases, we align se-
quences from taxa of interest with close relatives to identify 
regions where there are sufficient differences to distinguish 
taxa at the genus, species, or variety level.  
 

Differences in DNA sequences among taxa is the basis for 
developing genotype-specific primers and hybridization 
probes that allow for cost effective and rapid molecular di-
agnostic tools. Genotype-specific primers only amplify the 
DNA from a specific taxon, and hence, they eliminate the 
need to sequence the region of interest each time this 
taxon requires identification. After sequences have been 
verified and methods have been optimized, future identifica-
tion requires only DNA extraction and PCR analysis. Hy-
bridization probes such as molecular beacons can provide 
an additional level of specificity or eliminate the need for 
taxa-specific primers.  
 

Recent advancements in molecular technologies are facili-
tating the development of complete diagnostic systems that 
help decrease costs while improving user-friendliness,  
versatility, accuracy, portability, and speed of diagnosis. 
One such emerging molecular diagnostic system uses mul-
tiplex nested PCR and hybridization technology in a minia-
turized, closed, user friendly and fully automated system. 
This   tabletop system can diagnose up to 48 samples in 
less than two hours and employs disposable custom made 
cassettes that are preloaded with the appropriate panel of 
molecular amplification and detection technology to detect 
up to 30 different taxa per cassette. Adapting this system to 
identify invasive plants will require some development and 
optimization. 
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rhizomes, and less leaf area than the reverted and cogon-
grass phenotypes (Fig. 1). Rubra also had thinner leaves 
and rhizomes and less leaf toughness than did reverted 
and cogongrass phenotypes. In general, the reverted phe-
notypes more closely resembled cogongrass than Rubra 
phenotypes (Fig. 2). One of the primary modes of repro-
duction and spread in cogongrass is through the rhizomes, 
and the reverted phenotype has considerably larger rhi-
zomes than Rubra.  Therefore the reverted phenotype has 
a greater potential to spread than does the Rubra pheno-
type. Through genetic analysis, we confirmed that red-
leafed Rubra and the green-leafed revert are the same 
genotype, indicating that Rubra contains the genes, and 
therefore, the potential to produce larger, greener more 
aggressive phenotypes. We conclude that Rubra varieties 
have the potential to become invasive.  

Before a plant taxon can be considered for federal regula-
tion, substantial evidence that it has the potential to be-
come an invader is required. Nonetheless, such supportive 
information is not always readily available. Our project goal 
is to develop methodologies to evaluate the invasive poten-
tial of plants. The impact of invasive plants to our natural 
and agro-ecosystems costs the United States an estimated 
$34.5 billion annually (Pimentel et al., 2005). These costs 
are anticipated to rise as increases in global trade also 
increases the likelihood that invaders will be introduced. 
Over the past ~20 years, there has been a dramatic rise in 
the volume and diversity of imported plants for planting. To 
keep in pace with the growing threat of invasive plant intro-
ductions, 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 system is modeled 
after traditional systems, which rely on information already 
available in the literature and internet. Given the limited 
information for many plant species, the new WRA system 
will likely generate a number of plants that fall into the 
“further evaluate” category. Currently, there is no methodol-
ogy in place to remove plants from this category. We are 
developing experimental methods to evaluate plants in the 
“further evaluate” category and for problematic plants al-
ready established in the U.S. that lack concrete information 
for federal regulation.  
 

Invasive potential of Imperata cylindrica var. rubra. 
One such problematic plant that lacks substantial evidence 
for its potential to become invasive is the cultivar Imperata 
cylindrica var. koenigii (Retzius), also known as I. cylindrica 
‘Rubra’, Red Baron, and Japanese blood grass. This red-
leafed ornamental grass is a cultivar of the federally-listed 
species cogongrass (I. cylindrica). Rubra is considerably 
smaller and less aggressive than cogongrass until it reverts 
to a green phenotype that closely resembles cogongrass. 
Reversion of Rubra to a green phenotype is not a rare oc-
currence; we have documented at least five independent 
reversions and heard of many other accounts. We grew 
Rubra, reverted, and cogongrass phenotypes in the green-
house and compared their morphological characteristics. 
Rubra had lower chlorophyll content, shorter leaves and 

Figure 1. 
Chlorophyll 
content, leaf 
length, leaf 
area, and 
root length 
for three I. 
cylindrica 
phenotypes 
grown in 
greenhouse.  

Figure 2. Photograph 
of the three I. cylin-
drica phenotypes 
grown in greenhouse. 
From left to right: 
Rubra, revert, and 
cogongrass pheno-
types. 
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Differences of Oplismenus hirtellus ssp. undulatifolius 
to native and horticultural taxa. Oplismenus hirtellus ssp. 
undulatifolius (OHU) is a shade tolerant grass that was re-
cently discovered invading the forest understory in Eastern 
US; little is known about its biology. OHU is currently classi-
fied as the same species as our native taxa (O. hirtellus 
ssp. setarius and fascicularis; OHS and OHF, respectively) 
and introduced taxa (O. hirtellus ssp. varigatus, OHV). Due 
to their high polymorphic nature, they are difficult to distin-
guish from one another. Because the distributions of the 
invader (OHU) and our native (OHS) are in close geo-
graphic proximity, land managers must be able to distin-
guish between subspecies for eradication attempts to be 
successful. In addition to identification difficulties, we dis-
covered several discrepancies in OHU’s taxonomic treat-
ment while investigating its occurrence and invasiveness 
elsewhere in the world (Barkworth, 2009, personal commu-
nication). To address differences of the subspecies and the 
unknown biology of OHU, we grew OHU, OHS, and OHV in 
the greenhouse for morphological comparisons. All the sub-
species differed in the length and density of trichomes on 
the leaf surfaces. OHV did not produce any inflorescences, 
OHU produced inflorescences with white stigmas, and OHS 
produced reddish-purple stigmas (Fig. 3). There was some 
question whether OHU was a reverted phenotype from the 
cultivar OHV, but we found no evidence to support this. 
OHV often reverts to an all green form, and this reverted 
phenotype does not resemble OHU, lacks leaf trichomes, 
and has not produced seeds or inflorescences.  

OHU has invasive potential due to its effective seed disper-
sal mechanism, clonal growth habit, and seed dormancy. 
OHU has sticky awns, which adhere to fur and clothing, 
leading to seed dispersal over long distances. OHS also 
has sticky awns and our greenhouse trials suggest that it 
produces inflorescences later than OHU. Early flowering is 
associated with plant invasiveness (Pyšek and Richardson, 
2007). Our seed germination trials show that OHU seeds 
can hold dormancy due to an impermeable membrane that 
must be scarified before a sufficient number of seeds can 
germinate. The scarification  process occurs in nature from 
passing through digestive systems, animal traffic, insect 
activity, freezing temps, wind, rain, and microbial activity in 

the soil. Also, OHU seeds are somewhat freeze tolerant 
and may be viable in the soil seed bank for at least two 
years. Our results suggest that a successful OHU eradica-
tion program, with herbicide and cultural practices, will re-
quire repeated applications over several years.   
 

Seed dormancy and germination of invasive and non-
invasive species pairs. One of the most important biologi-
cal processes to the invasive potential of plants is their abil-
ity to successfully propagate and widely disperse over time. 
Traits that enable plant species to propagate and disperse 
include high fecundity and germination rates, seed dor-
mancy and effective seed dispersal, such as fleshy fruit for 
dispersal by animals, windblown seeds or attachment struc-
tures for sticking to fur and/or clothing. Using twelve pairs of 
invasive and non-invasive plant species, we conducted 
seed germination assays to compare seed dormancy and 
germination rates. Seeds were surface sterilized and 
placed in Petri dishes on moist filter paper. Taxa with  zero 
or poor germination were subjected to additional treatments 
(i.e., scarification, concentrated sulfuric acid soaks, heat, 
red light, gibberillic acid, and potassium nitrate). In general, 
we found that invasive taxa were more difficult to germinate 
than non-invasive taxa. Invasive taxa required an average 
of 3.8 attempts to germinate a sufficient number of seeds 
(greater than 25%) compared to only one attempt to germi-
nate non-invasive taxa (Fig. 4).  Invasive taxa also required 
a greater number of days to germinate (12 days) than did 
non-invasive taxa (7 days). Also, the average percent ger-
mination was 41 and 57% for the invasive and non-invasive 
species, but variation in germination rates between these 
groups was too large to distinguish between the groupings. 
Our results suggest that invasive species may have a more 
complex set of dormancy mechanisms than non-invasive 
species.  Complex seed dormancy mechanisms may allow 
invasive species to germinate only when environmental 
conditions are favorable for germination and growth.  Our 
results are consistent with other studies that seed dor-
mancy is positively associated with invasiveness (Pyšek 
and Richardson, 2007).  

Figure 3. Inflo-
rescences of O. 
hirtellus ssp. 
setarius (left) 
and O. hirtellus 
ssp. undulati-
folius (right). 

Figure 4.  Number 
of attempts required 
to germinate seeds of 
twelve invasive and 
non-invasive taxa  
(p-value = 0.0448).   

INVASIVE PLANT ECOLOINVASIVE PLANT ECOLOINVASIVE PLANT ECOLOGY PROGRAMGY PROGRAMGY PROGRAM   

 

2009 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT                            PAGE 30
           



Spatial analysis of invasive weed community dynamics 
requires a long-term database that includes spread rates of 
individual patches.  Many invasive plant species are peren-
nials that spread vegetatively (rhizomes, stolons, etc.), 
forming distinct patches.  Patch spread rates for invasive 
plants are a primary variable in impact analyses of invasive-
ness, or aggressiveness.  The objective of this study is to 
develop a spatial database for several invasive plant spe-
cies and estimate perimeter spread rates on a spring/fall or 
annual basis.  Each site was selected to ensure infestations 
are undisturbed or slightly grazed for 1 - 3 years, and 
patches are “free-to-grow”, or not restricted by trails, 
streams, rock outcrops, or heavy shading.  
 

The perimeter of each patch was measured with a Trimble 
GeoExplorer XH Global Positioning System (GPS) and 
handheld Zephyr antennae, with an accuracy of 20 – 30 
cm.  The GPS unit automatically records a location every 
second.  Patch parameters recorded at each site include: 
measurement date, location, species, stem density/total 
stem counts, and patch descriptions.  Annual estimates of 
patch growth rates were calculated based on time between 
two GPS measurements (m2/total time, or ft2/total time), 
then converted to daily growth rates (m2/d, or ft2/d).   
 

This project involved 10 – 12 species in seven states over 
the past three years.   For this report only information on 
cogongrass (Imperata cylindrica), Canada thistle (Cirsium 
arvense), leafy spurge (Euphorbia esula), and onionweed 
(Asphodelus fistulosus) will be mentioned.  The cogongrass 
site is in Jay, FL, located on industrial forest property.  A 
total of 20 patches were measured, with seven patches 
completely or partially underneath a nine year-old loblolly 
pine plantation.  The remaining 13 patches were located in 
recent timber harvest areas that were sprayed with herbi-
cides in May 2007.  Patch perimeters were measured in 
June and November 2009, a range of 158 – 172 days be-
tween measurements.  The seven cogongrass patches 
underneath the loblolly pine had a spread rate of 9.9 ft2/day 
(21% increase, Fig. 1).  The 13 patches in the clear-cuts 
spread at an average rate of 13.3 ft2/day (40% increase).  
The smallest patch was 1031 ft2, while the largest patch 
was 66,453 ft2.  Rainfall data collected from nearby weather 
station states that 50” and 91” of rain fell in 2008 and 2009, 
which translates into a 41” annual rainfall increase and 

broke the drought in 2008.  Patches in the clear-cuts were 
fully recovered from the 2007 herbicide application and 
were settling into a more typical rate of patch expansion.   
 

The Canada thistle and leafy spurge sites are located in 
Fort Collins, CO.  Three Canada thistle patches grew a total 
of 628 ft2 between May and Sept. 2009, with an estimated 
average patch growth of 5.8 ft2/day.  Four leafy spurge 
patches grew a total of 676 ft2 between May and Sept. 
2009, with an estimated average patch growth of 5.8 ft2/day 
(Fig. 2, following page).  The average spread rates for leafy 
spurge and Canada thistle in 2008 was 0.7 and 4.3 ft2/day.  
Fort Collins had 13.28” and 21.55” of rain in 2008 and 2009, 
respectively, which partially explains the increase in patch 
spread rates for these two species.  Thirteen onionweed 
patches were monitored in Tombstone, AZ.  Between these 
dates nine of these patches expanded and four patches 

GIS invasive weed mapping 
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CHAMPIONS:       Al Tasker (National Noxious Weed Program Manager); 
                              Donald Givans (WR Noxious Weed Program Manager) 
CONTACT:            Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

Figure 1. Infra-red aerial photograph of cogongrass patches in 
loblolly pine plantations and in clear-cuts.  Patch perimeters were 
walked in June (green) and November (yellow), 2009.    
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The state of California has comprehensive surveillance sys-
tems in place to identify (and eradicate if necessary) any 
moths prior to establishment.  The trapping system is organ-
ized and managed with expert local knowledge, and places 
higher trap densities in and near major shipping ports and 
population areas. 

contracted.  The average spread rate for the expansion 
rates was 0.4 ft2/day (55%  increase) between Feb. and Oct. 
2009.  The contraction rates are generally attributed to sub-
jective errors in judging which plants formed the outside 
edge, or missing young seedlings (1-2 inches tall).  Onion-
weed only spreads by seed, thus any new seedlings in a 
patch are the result of germinating seeds.  Onionweed den-
sity averaged 0.286 plants/ft2 in February 2009.  Average 
patch spread rates ranged from 0.4 to 25 ft2/day, depending 
on rainfall, human disturbance, and other site factors.   
 

The use of GPS field units and geospatial technology can 
accurately monitor seasonal patch dynamics of slow spread-
ing species in the semi-arid western states.  It may be possi-
ble to measure patch dynamics (even at shorter time inter-
vals) between two adjacent invasive species, or between 
shaded or grazed, and unshaded or non-grazed patches of 
the same species.  Information on invasive species patch 
dynamics could be used to rank the aggressiveness among 
species, or justify a manager’s requests for funding to con-
trol an invasive weed.         

Figure 2.  GIS map of leafy spurge patches located in Fort 
Collins, CO showing patch spread rates between June (red) and 
September (blue) 2009. 

Enhancing Asian gypsy moth (AGM) trapping in California 
CPHST STAFF:    Lisa Kennaway (Lead) 
CHAMPIONS:    Roeland Elliston (WR Program Manager); Weyman Fussell (APHIS PPQ ISPM);  
   California Department of Food and Agriculture (CDFA);  PPQ CA State Plant Health Director’s 
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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, in-
cluding 500 species of trees and shrubs (APHIS, 2003). 
The AGM is similar to the European gypsy moth.  However, 
AGM 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 identify-
ing early introductions of the pest very important.     
 

AGM is native to Asia.  A primary pathway of introduction 
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.  
 
 
 
 
 

Figure 1. Female Asian gypsy moth (left) and Larva (right). 
Image courtesy of John Ghent, USDA Forest Service. 
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To enhance the placement of traps in these areas, a geo-
spatial model is being developed to predict areas with the 
highest AGM introduction risk based on multiple variables.  
In 2008, a model was developed for Washington and Ore-
gon.  This project was highlighted in the 2008 CPHST Fort 
Collins Annual Report.  In 2009, the project continued with 
the model for California.  The goal of both models is to im-
prove and/or validate existing trapping locations.   
 

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) analy-
sis can only account for AGM activity on the outside of trav-
eling mechanisms and containers. 
 

Currently, sixteen data inputs have been assembled for the 
California model: 
 

1. Major seaports 
2. Other deepwater shipping ports 
3. Warehouse districts  
4. Intermodal facilities 
5. AGM trap interception points 
6. AGM ship interception points 
7. Inland waterway between San Francisco Bay and    
       Stockton  
8. Urban areas (>500 housing units per square mile) 
9. Major transportation routes (highways) 
10. Rest areas 
11. Railways 
12. Major population areas based on nighttime lights 
13. Port of entry & inspection states (federal and state) 
14. City/county parks 
15. Forest density 
16. Wind resource zones 
 

Within the model, data are grouped into four categories; 
Maritime, Transportation, Population, and Environment 
(Fig. 2).  Each category is given a weight of importance 
within the model.  Currently, many different weighting 
strategies are being evaluated.  Testing and on-going dis-
cussion with the stakeholder group will determine the best 
weighting strategy.  While the influence of each variable is 
still being discussed, it is agreed that maritime variables are 
the most important for predicting AGM risk.   
 

The model results will be delivered in a spatially referenced 
raster data set that depicts a range of introduction hazard.  
Figure 3 (following page) shows early model results for 
California.  The results will be modified as testing pro-
gresses.  In addition, once the model is complete, a quanti-

tative spreadsheet analyzing the relationship between mod-
eled AGM risk and 2009 survey traps will be developed. 
 

Within California, this will be challenging as the majority of 
traps are managed by individual counties and are not spa-
tially referenced or GPS’d.  Luckily, the California Depart-
ment of Agriculture (CDFA) has GPS’d all the seaport and 
delimiting survey gypsy moth traps.  All other trap locations 
will be 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.  This 
project will use the 2000 census as a source for housing 
units numbers.  However, the actual trapping program di-
verges from this value at times using local knowledge and 
recent growth patterns. 
 

Future: 
The California AGM Trapping Model will be delivered to the 
stakeholders to use during the 2010 trapping season.  It is 
expected that there will be an ongoing flow of comments 
between users in the field and model developers.  The 
model will then be adjusted if there are any new intercep-
tions in 2010. 
 

The final phase of this model is to distribute the data using 
a web-based or stand alone software system that will allow 
a variety of users to access the data and ask general que-
ries.  A final delivery method has not been determined, 
however it is agreed that the method will require a spatially 
accurate data delivery system that includes additional base 
data and imagery for reference.  Top options being consid-
ered include a web-based mapping application (e.g. Google 
Earth), and ArcExplorer, a stand alone GIS data viewer 
software (www.esri.com).   
 

Figure 2.  Visualization of the model process. 
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The Asian citrus psyllid (Diaphorina citri Kuwayama, ACP) 
(Fig. 1) is a pest that is a vector of Candidatus Liberibacter 
asiaticus, one of the causal agents of citrus greening dis-
ease, also called Huanglongbing.  It is an increasingly im-
portant pest for APHIS as citrus greening is the most dev-
astating disease of citrus in the world (CDFA 2009).   

While ACP was first detected in Texas in 2001, citrus 
greening has not been detected within the state.  In the 
Lower Rio Grande Valley (LRGV) of southern Texas, there 
are ~28,000 acres of citrus spanning three counties with an 
industry that supports ~$160 million in economic activity.  It 
has been suggested that citrus greening could result in a 
20% production loss within two years and up to 60% within 
five years of disease introduction (Rosson 2007).  
 

Currently, ACP has spread to more than 50 counties 
throughout the LRGV.  In 2008, the CPHST Mission Lab 
developed an Area-Wide Monitoring Study for ACP, focus-
ing on methods development to determine best control 
practices.  In 2009, the study included 1500 acres of com-
mercial grapefruit and orange and closely involved local 
producers and growers.  The study is a joint effort between 
several groups including PPQ CPHST, Texas A & M Uni-
versity, Texas Citrus Mutual, AgriLife Cooperative Exten-
sion and Texas Department of Agriculture.  
 

The Area-Wide Monitoring Study incorporates a compre-
hensive sticky trap grid and direct sampling observations.  
With data being collected every one to two weeks, the 
amount of records to manage and analyze grew very 
quickly.   Since the data contains both tabular and spatial 
information, the CPHST Fort Collins Lab was asked to as-

sist with bringing geospatial technology to the project’s data 
management and analysis.  Together, representatives from 
the CPHST Mission and Fort Collins Labs developed the 
workflow described below to guide the geospatial portion of 
the study (Fig. 2). 

The workflow guides all geospatial phases of the project 
including:  1) data collection (both existing records and new 
GPS data); 2) the database (storing information related to 
each sticky trap, weekly visual observations, and treatment 
application), and 3) the in-house data processing and re-
porting including quality control, replication, and analysis.  
Each component of this workflow is equally important and 
guides project staff to develop accurate, timely, and useful 
information.  Also, having this workflow defined communi-
cates the entire spatial process to program management 
and new staff. 
 

In 2009, the first phase of geospatial effort was completed.  
This involved the creation of a geospatial database to 
house nearly 10,000 records of observation data ranging 
from February through July 2009.   
 

With those data, numerous reports and maps were created 
communicating how ACP populations were changing in the 
study area (Figs. 3 and 4).  These data were then used to 
interpolate raw data values into surface areas that show 
how population variables were changing over time.  These 

Using Geospatial Technology to Assist an Existing Area-Wide Monitoring  
Project for Asian Citrus Psyllid 
CPHST STAFF:    Lisa Kennaway 
COLLABORATORS:   David Bartels (CPHST Mission, TX Lab)   
CONTACT:    Lisa Kennaway (lisa.kennaway@aphis.usda.gov, 970-490-4463) 

Figure 1.  (A) ACP adults and nymphs on stem (Photo courtesy 
of David Bartels, USDA APHIS PPQ CPHST), (B) Citrus green-
ing symptoms (Photo courtesy of Dr. Patricia Barkley, Elizabeth 
Macarthur). 

Figure 2.  Geospatial workflow. 
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data were put into visual animations (aka movies) that visu-
alize changes over the twelve week time period.  
 

The second phase of the geospatial effort focuses on add-
ing more monitoring data into the database, incorporating 
treatment data, and adding percent citrus acreage infested.  
These new variables will provide a more complete picture 
of how control strategies are effecting ACP populations. 
 

The CPHST Mission Lab is likely expanding the Area-Wide 
Monitoring Study in 2010 and will include a much bigger 
study area.  This will involve more data being collected and 
additional opportunity to use geospatial technology as a 

tool to assist with data management and analysis.  The 
CPHST Fort Collins Lab is excited about the continuing 
effort and is committed to assisting the Mission Lab with the 
geospatial component of their study.  
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Department of Food & Agriculture website:  http://www.cdfa.org. 

 
Rosson, P. 2007. Economic Impacts of Greening on the Texas Citrus 

Industry. Center for North American Studies, CNAS Issue Brief 2007-01 
February 12, 2007. 

Figure 3.  ACP report of visual observations 2/19-4/3/09 (Graph 
courtesy of David Bartels, PPQ CPHST). 

Figure 4.  ACP map, mean number of adults for sample period 6. 
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Investigating New Methods for Developing the Annual Grasshopper Hazard Map 
CPHST STAFF:    Lisa Kennaway (Lead); Tom Kalaris (Support) 
CHAMPIONS:    Roeland Elliston (WR Program Manager); Charlie Brown (APHIS PPQ)   
CONTACT:    Lisa Kennaway (lisa.kennaway@aphis.usda.gov, 970-490-4463) 

The USDA APHIS PPQ program to monitor and control 
grasshopper populations in the United States is well estab-
lished with some data dating back to the early twentieth 
century.  While grasshoppers are a part of the native eco-
system and serve a vital role to the rangeland, some spe-
cies can reach problematic and even outbreak levels. 
 

The goal of the APHIS Grasshopper program is not to 
eradicate grasshoppers but to reduce these populations to 
less economically damaging levels.  Covering the 17 West-
ern states, the program conducts annual surveys to deter-
mine the extent of grasshopper infestations and determines 
the need for suppression treatments (APHIS Grasshopper 
Fact Sheet 2009) (Fig. 1). 
 

For several years, geospa-
tial technology has been 
used to store, manage and 
analyze grasshopper data 
both within the APHIS PPQ 
Western Region and 
CPHST.  To assist with 
program planning, an an-
nual map is developed that 
interpolates future infesta-
tion hazards from current 
survey information.  Histori-
cally, this map was devel-
oped using a spatial analy-

Figure 1.  2009 grasshopper 
survey (Map courtesy of APHIS 
PPQ WR GIS). 
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sis method that relied solely upon the spatial location of a 
survey point and the grasshopper density value at that 
point.  In recent years, program managers began to feel 
that the traditional hazard map might be enhanced or im-
proved by adding more variables to the analysis. 
 

Numerous approaches were investigated to meet this ana-
lytical need.  The approaches included:   
 

1) Incorporating environmental variables into the analysis 
such as soil type, current and historic weather, land 
cover, biomass, solar radiation, and ecoregions; 

2) Conducting the analysis at an individual state level 
rather than a Western region level, and 

3) Using new analysis methods and software to develop a 
hazard prediction map. 

 

This initial effort concluded that predicting future grasshop-
per hazard is difficult because: 
 

1) Current survey points are not randomly collected 
across the area/state/region and annual grasshopper 
monitoring is influenced by resource availability; 

2) Variability exists in the spatial accuracy of the survey 
point and the descriptive accuracy of the density calcu-
lated, and 

3) The factors that influence grasshopper populations are 
still not completely understood. 

 

While these issues have challenged the ability to develop 
useful grasshopper hazard prediction, one particular suc-
cess can be highlighted.  An analysis was completed for the 
state of Arizona that effectively modeled hazard for the 
2009 survey season.  The model incorporated over 30 envi-
ronmental variables including April through September 
monthly weather data for 2008  (such as precipitation, tem-
perature, and frost free days), and landscape data such as 
ecoregion, land cover, biomass, and soil type. 
 

A modeling software, See5 (rulequest.com), was used in 
the analysis.  The software uses a decision tree/data mining 
approach to develop a surface model for any variable one is 
trying to predict.  For the state of Arizona, two See5 models 
were run that divided up the survey data into two seasons, 
June/July and August/September.   
 

This division was suggested by Nelson Foster of the 
CPHST Phoenix Lab who felt that the grasshopper popula-
tion has a distinct early and late season, and that combining 
all the data for overall prediction could be misleading.  The 
results of the modeling were exciting as it helped document 
the difference between early and late season grasshopper 
populations. 
 
 

Figure 2 shows the predicted grasshopper hazard for 2009 
based on 2008 survey data and environmental factors.  The 
areas that the model predicts to have highest grasshopper 
populations are drawn in green, red and orange.  The differ-
ence between the early and late season hazard is distinct. 
 

The complete model was delivered to grasshopper program 
staff in early 2009.  The staff was pleased to have a model 
like this to support the planning of the 2009 survey season 
and felt that the tool does depict hazard accurately.  After 
the 2009 survey was complete, the model was further re-
viewed and discussed with program staff.  Support contin-
ued and the staff felt that the model depicted hazard accu-
rately and even alerted them to areas in the extreme south-
ern part of the state that were deemed as moderate and/or 
high hazard.  The 2009 survey points collected in that area 
were indeed some of the highest in the state. 
 

In 2010, a similar model will be run for Arizona using the 
2009 survey data.  The model will use similar variables as 
the previous year and will continue to split the analysis into 
two seasons.  It is hopeful that the model results will be as 
useful as the 2009 attempt.  If the method proves success-
ful, it may be applied to other states with significant grass-
hopper populations such as South Dakota and Wyoming. 
 

 

GEOSPATIAL TECHNOLOGGEOSPATIAL TECHNOLOGGEOSPATIAL TECHNOLOGYYY   

 

Figure 2. 2009 predicted grasshopper hazard for Arizona. 
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In 2007 and 2008, California saw an increased number of 
fruit fly introductions into the state.  While fruit flies are al-
ways a threat, these two years had a significant increase 
over what was anticipated.  In early 2009 CPHST was 
asked to conduct some preliminary analyses to see if the 
causes of the increased introductions could be determined. 
The fruit flies of concern are from three species:  Anastre-
pha ludens (Mexican fruit fly or Mexfly), Bactrocera dorsalis 
complex (Oriental fruit fly), and Ceratitis capitata 
(Mediterranean fruit fly or Medfly).  In California alone, com-
modities at risk from fruit fly have a value of over $10 bil-
lion.  Annual monitoring and surveillance costs for trapping 
exotic fruit flies in California are more than $20 million.  
When a new introduction is detected, it requires increased 
monitoring and traps, and often, establishing a quarantine 
area and conducting eradication programs. 
 

California and APHIS asked many questions about the in-
creased introductions, including: 
 

-What part of the world are the flies coming from? 
-Are they arriving in commercial shipments, via 
individual travelers, or some other vector? 
-Are we exposed more now than in the past? 
-Have there been any changes in port operations 
that could affect this? 
-What has changed as far as trade and the  
volume and movement of travelers? 
 

This report examines why Oriental fruit fly introductions are 
occurring at their locations. 
 

The Bactrocera species (Fig. 1) are found in Asia, particu-
larly SE Asia, Indonesia, and the Philippines, but they also 
occur in southern China and India.  To cite some informa-
tion from the California Department of Food and Agriculture 
(CDFA) Oriental Fruit Fly fact Sheet: 
 

The Oriental fruit fly (OFF) is an invasive pest that attacks 
over 230 crops including: apple, apricot, avocado, bell pep-
per, fig, grape, grapefruit, lemon, lime, melons, nectarine, 
orange, peach, pear, persimmon, plum, pomegranate, tan-
gerine, tomato and walnut. In California, the combined 2005 
gross value of the commercial hosts potentially affected 
was over $9.8 billion.  
 

OFF was first found in California in 1960 and has been rein-
troduced every year since 1966 through the movement of 
infested fruits and vegetables into the state. Numerous 
eradication efforts undertaken by CDFA and USDA over the 

years have prevented these introductions from becoming 
permanently established.  
 

Because we had some reasonably good data on the Bac-
trocera introductions, we focused on this species complex 
first.  For this analysis, we took the historic data of Bactro-
cera finds in the Los Angeles area and overlaid the years to 
locate areas of recurring introductions (Fig. 2).  This shows 
the areas of recurring introductions of Bactrocera. 

While this map by itself is interesting, we wanted to take the 
analysis further.  While we examined many factors to look 
for relationships with the introductions (income levels, edu-
cation, housing, number of people per household, percent-
age foreign born, etc), one factor we thought may be corre-
lated with the repeated introductions was areas of high eth-
nic population, particularly Asian populations.  We thought 
there were at least three reasons for this: 1) the fruit flies 
could be arriving with people traveling to and from Asia and 
returning to family and friends in these areas, 2) local ethnic 

Fruit Fly Introductions into California 
CPHST STAFF:    Tom Kalaris; Lisa Kennaway; Yu Takiuchi; Glenn Fowler 
CONTACT:    Tom Kalaris (tom.m.kalaris@aphis.usda.gov, 970-490-4462) 
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Figure 2.  Areas of repeated Bactrocera introductions in 
Los Angeles. 

Figure 1.    
Oriental fruit fly 
(Bactrocera dor-
salis) adults.   
Courtesy of CDFA. 
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markets could be the source of some of these introductions, 
or 3) packages shipped from Asia  arrive at these locations. 
 

US Census data has information on the ethnic background 
of residents which we were able to develop into a layer of 
areas of Los Angeles with higher Asian populations.  We 
then overlaid this with the historic Bactrocera introductions.  
The map below (Fig. 3) is the result. 

In Fig. 3, the gray areas in the background are the popu-
lated areas of Los Angeles.  The green locations represent 
areas with both repeated Bactrocera introductions and 
higher Asian populations.  One of the areas that showed up 
in this analysis, not unexpectedly, was the Chinatown sec-
tion of L.A.  But another area was a surprise to analysts - 
the green section shown between Long Beach and Irvine.  
When we showed the map to staff from CDFA they identi-
fied the area as having a strong Vietnamese and Thai com-
munities.  While this analysis is not a final proof of how 
Bactrocera flies are being introduced, it does give manag-
ers and personnel something to evaluate in the field; spe-
cifically, what is there about these areas that relates the 
ethnic populations and the Bactrocera introductions?  How 
closely does SITC monitor ethnic markets in these areas?  
Does the timing of the introductions correspond to any festi-
vals or holidays in these areas? 
 

This work was conducted in the spring and early summer  
2009.  Since then, PPQ has formed a Fruit Fly Task Force 
whose goal is to further study fruit fly introductions in Cali-
fornia.  This work has been presented to them and they are 
following up with further analysis.  CPHST continues to 
work with the regions to support these efforts. 
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Figure 3. Areas of repeated Bactrocera introductions  
overlaid with Asian populations. 

Updates on the light brown apple moth (LBAM) and beneficial  weevil projects 
CPHST STAFF:  Nada Carruthers 
CONTACT:  Nada Carruthers (nada.t.carruthers@aphis.usda.gov, 510-559-5790)  

Light Brown Apple Moth (LBAM):  Rearing technology for 
the mass production of LBAM (Fig. 1) was optimized and 
transferred to the mass rearing facility in Moss Landing, 
CA.  The size of the LBAM colony doubled for many 
months while trays of eggs and diet (Fig. 2) were shipped 
to initiate an LBAM colony at our Moss Landing facility.  
Newly hired technicians for Moss Landing were trained in 
handling LBAM and their rearing procedures. 

LBAM specimens were sent, when requested, to various 
research institutions and USDA branches in compliance 
with APHIS quarantine and safety regulations.  Institutions 
which received specimens included:  Dr. Norman Barr, 
USDA APHIS PPQ CPHST, Edinburg, TX; Dr. Robert 

Koch, University of Minnesota; Dr. 
Joseph Morse, University of Cali-
fornia Riverside; Kira Zhaurova, 
USDA APHIS PPQ, College Sta-
tion, TX; Dr. Mark Epstein, Califor-
nia Department of Food and Agri-
culture (CDFA) Sacramento, CA; 
and Dr. William Roltsch, CDFA 
Sacramento, CA.   
 

Our cooperation with Dr. William Roltsch of CDFA is an 
ongoing project on the biological control of LBAM utilizing 
commercially available and native parasitoids.  The project 
has been successful and is yielding promising results in 
field tests. 
 

In addition, we are conducting experiments to improve rear-
ing efficiency (Fig. 3).  Tests include alteration of diet nutri-
tional qualities, light regimes, egg:diet ratios, and the effect 
of density on survival of larvae. 

Figure 1.  Light 
brown apple moth 
adult, courtesy of  
Todd Gilligan, 
www.tortricid.net. 

Figure 2.  LBAM rearing containers 
containing diet and developing larvae.  

PAGE 39                         2009 CPHST FORT COLLINS/PHOENIX ANNUAL REPORT  
            



2009 LBAM Presentations: 
Poster: Native Trichogramma parasitism of the newly introduced 
light brown apple moth in California. Presented with CDFA, 3rd 
International Symposium on Biological Control of Arthropods. 
Christchurch, New Zealand. 8-13 February 2009 (Roltsch W.J., & 
N.T. Carruthers). 
 
Poster: Effect of Nutrasoy® levels in artificial diet on survival, fe-
cundity and longevity of light brown apple moth Epiphyas postvit-
tana. Indianapolis, IN. 12-16 December 2009 (Carruthers N.T., 
Madieros D., Sims M., & Shelly T.). 
 
 

Beneficial Root Feeding Weevils: The umbrella project 
“Development of rearing systems for beneficial root-feeding 
insects” is comprised of three different sub-projects based 
on utilizing rearing systems for facilitating biological control 
of exotic and invasive species:  
 

1. The rearing system for Hylobius transversovittatus is fully 
developed and technology is transferred and utilized in sev-
eral states and one tribal insectary.  Thousands of insects 
are produced and distributed to customers for the control of 
purple loosestrife.  Although our laboratory colony of this 
species is terminated, we still play an important role as a 
hub for field customers to exchange experiences and ideas 
associated with rearing this insect in production facilities.   
 

2. The rearing system for Cyphocleonus achetes to control 
knapweeds was also improved (Fig. 4).  Nutritional and 
physical properties of the diet were altered. Stepwise ad-
vances were made by testing the effects of different levels 
of cholesterol, sucrose and cellulose on survival of larvae.  
In 2009 more than 350 9th and 10th generation adults were 
produced.  Our best performing diet yields ~40% survival 
(Fig. 5).  Extensive interest in our rearing system by foreign 
countries led to changes in the diet formulations, based on 
world market availability of nutrients.   
 

3. Achievements were made in the use of artificial diets 
developed in Albany, CA for facilitating foreign exploration.  
Our cooperators in Rome from Biotechnology and Biologi-
cal Control Agency used our diet in field collections for over 
20 genera of insects, including a Cerambycid longhorn bee-
tle that is a potential agent for perennial pepperweed.  
These beetles were collected as larvae, placed on artificial 
diet, and reared to adulthood. 
 

2009 Weevil Presentation: 
Invited presentation of our work was given in November 2009 at 
the meeting organized by the Department of Interior: Bureau of 
Land Management, Montana. Dakotas State Office in Billings, 
MT.  
 
2009 Weevil Publications: 
Publication: Tomic-Carruthers N. (2009) Rearing of Hylobius 
transversovittatus and Cyphocleonus achetes larvae on artificial 
diets (Coleoptera: Curculionidae). Florida  

Figure 3.  Egg strips being 
collected from an adult 
LBAM cage. 

Figure 4. Sterilizing eggs of  
Cyphocleonus achetes. 

Figure 5. Yield improvement of two beneficial weevil species through 
diet development. 
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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 and mites, nematodes, weeds, plant 
pathogens, and mollusks. The goals of the CAPS program 
include protecting American agriculture and facilitating the 
export of US agricultural products.  
 

To protect American agriculture, one of the primary func-
tions of the CAPS program is to detect exotic pests before 
they can become well established. The economic costs 
associated with eradication of a pest that is not well estab-
lished within a particular area are much less than when the 
pest is established and reproducing. In the past, the CAPS 
surveys have focused on surveying for one to a few organ-
isms at a time. The purpose of commodity-based surveys is 
to increase efficiency by surveying for a suite of exotic 
pests at the same time, including those that may only be 
considered minor pests. By increasing survey efficiency, 
the odds of detecting a pest before it becomes established 
will be greatly enhanced.  
 
 
 

A series of survey references and guidelines are being de-
veloped for CAPS cooperators by CPHST to assist with 
commodity-based surveys. The Commodity-Based Sur-
vey References are comprised of a series of pest data-
sheets, which include images of the pest and information 
gathered from Pest Risk Assessments (PRAs) and the sci-
entific literature. Each pest section contains detailed infor-
mation on the biology, host-range, distribution, survey, and 
identification of the pest in appropriate detail for CAPS sur-
veyors. The second document, the Commodity-Based 
Survey Guidelines, provides guidelines for survey and 
identification 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. This is followed by a one month review that is 
open to the entire CAPS community (document is posted 
on the NAPIS-CAPS website). Final edits are made and the 
document is posted on the NAPIS-CAPS website for use  
(http://ceris.purdue.edu/caps/). After this initial review proc-
ess, documents are open for comment on a yearly basis. 
Table 1 shows the current status of several commodity-
based documents. 
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Development of CAPS commodity-based survey schemes 
CPHST STAFF:   Melinda Sullivan 
CHAMPIONS:   John Bowers (National Survey Coordinator);  
   Kristian Rondeau (WR Program Manager Pest Detection);  
   Brian Kopper (ER Program Manager Pest Detection)  
CONTACT:    Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 
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Manual Status/Last Update* Comments 

Citrus 
Reference 

 
  

  
Survey guidelines 

Final version posted on CAPS site/
July 2005 

Citrus pests are now covered under the 
Citrus Health Response Program; Up-
date of reference document to be initi-
ated in 2010. 

Final version posted on CAPS site/
March 2006 

  

Soybean 
Reference 

 
  

Survey guidelines 
  

Final version posted on CAPS site/
October 2008 

Initial manual published Feb. 2006; 
completed an update in 2008 

Final version posted on CAPS site/
July 2007 

  

Oak 
Reference 

  
Survey guidelines 

Final version posted on CAPS site/
September 2006 

Authors: University of Minnesota,  
USDA Forest Service 

Final version posted on CAPS site/
September 2006 

  

Grape 
Reference 

   
Survey guidelines 

Final version posted on CAPS site/
July 2007 

  

Final version posted/August 2008   

Small grains 
Reference 

  
            Survey guidelines 

Final version posted on CAPS site/
February 2008 

Includes wheat, oats, rye, and barley 

Final version posted on CAPS site/
April 2008 

  

Pine 
Reference 

  

 
            Survey guidelines 

  

Final version posted on CAPS site/
March 2008 

Authors: University of Minnesota,  
USDA Forest Service 

Final version posted on CAPS site/
April 2008 

  

Corn 
Reference Initial draft due February 2010   

Potato 
Reference 

  
  

             Survey guidelines 

Initial draft due 2010 – Due to an 
extension request 
  

Authors: University of Wyoming 
  

Initial draft due  2010 – Due to an 
extension request 

  

Stone Fruit 
Reference 

  
  
  

 Survey guidelines 

Initiated September 2009 — 
Due September 2010 

Authors: West Virginia University 

Initiated September 2009 — 
Due September 2010 

Includes peaches, plums, nectarines, 
and cherries 

Table 1: Status of Commodity-based survey manuals produced from 2005 through 2009 
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Pink bollworm mating disruption: sprayable pheromone development 
CPHST STAFF:  Michelle Walters (Lead); Barry Barnes; R. Nelson Foster 
ACPRC:   Mike Whitlow (Phoenix, AZ) 
AEO:   Tim Roland; Daryl Hill (Mission, TX) 
CHAMPIONS:  Bill Grefenstette (USDA, APHIS, PPQ, Staff officer); 
   Larry Antilla (Arizona Cotton Research and Protection Council, Director) 
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-437-1295 X 233) 

Since its arrival in the Southwestern United States, the pink 
bollworm, Pectinophora gossypiella (Saunders), has proved 
to be a devastating cotton pest, one of the main crops of 
the region.  Through the area-wide and programmatic use 
of techniques like mating disruption via the dispersal of sex 
pheromones, PBW populations have been suppressed and 
eradicated.  The current standard mating disruption prod-
uct, PB-Robe L, is effective and long-lived but requires 
hand application. The eradication program needed a mating 
disruptant that could be mechanically applied by air or 
ground, economically priced and be effective for at least 30 
days.  Effectiveness in this case means trap catches in the 
treated fields must remain under the economic threshold 
(catch an average of less than one moth per trap per night). 
 

Methods and Materials 
We used PBW-GEL (supplied by Pacific Biocontrol, 9.2% 
AI, acrylic formulation) with 1% NALCO-TROL (drift control 
additive by Nalco Co., Naperville, IL, 30% polyvinyl poly-
mer)  to thicken it, with the expectation of larger droplets.   
 

In 2009, a pump was found by Mike Whitlow (Arizona Cot-
ton Research and Protection Council) that allowed a stan-
dard tractor rig to apply the GEL by ground.  Further modifi-
cations to an aircraft were made to stabilize application 
rates.  Subsequently, ground and aerial application re-
search was conducted in Safford, AZ (Graham County), in 
2009. The 7 Pima fields used in Safford were untreated  
non-Bt cotton and uninfested with wild PBW.  Four addi-
tional fields (two Bt and two treated with PB-Rope L) were 
not treated with GEL, and were used as controls. The fields 
included in the research ranged in size from 27-50 acres 
and received 2,700 sterile PBW moths per week per acre, 
in 3 aerial releases per week, to provide a PBW population 
against which to test the mating disruptant.  
 

The first gel application was applied at the pin square stage 
(3-7 leaf cotton), 3 fields treated aerially (GEL with 1% 
NALCO-TROL), and 4 by ground rig with straight GEL . All 
seven fields were treated in a day’s time. A second applica-
tion was performed over a two week period (delays due to 
irrigation schedules) in early mid-season, entirely by ground 
methods – the aircraft was not available. The third and final 
application of the season was performed in a two day span, 
entirely by the aircraft, owing to the height and condition of 

the cotton and the availability of the aircraft. All aerial appli-
cations were made by a Cessna (USDA APHIS AEO) with 
minor modifications, while the ground applications were 
performed by a standard tractor (ACRPC). 
 

Moth populations were monitored with Delta traps (in field, 4 
per field). The traps were placed 30 rows from the edge of 
the field and 30 paces into the field. Each trap was baited 
with a standard septa lure (changed biweekly), and checked 
two times a week.  
 

Results  
After the first application at pin square, the material on both 
the ground and air treated fields lasted at least 26 days but 
increased to ≥ 1 moth/trap/night by day 29 (Fig. 1). Note 
that at least 90% of the aerially applied formulation fell on 
open ground, vs. a cotton plant, because of the size of pin 
square cotton.  After the second application, applied by trac-
tor to much larger plants, the formulation remained effective 
for an average of 38 days (Fig. 1). The third application, 
applied by aircraft with most of the formulation deposited on 
foliage, was effective for 42 days (Fig. 1) until the traps 
were pulled so the cotton could be picked. Releases of ster-
ile moths remained constant throughout the test.  Recapture 
rates in untreated fields declined, due to less activity from 
male moths, in the second and third application test stages 
(this phenomenon is consistent and observed annually 
across the eradication area). 

Figure 1. The average number of pink bollworm catches, 
by treatment and over time. 

Pink BollwormPink BollwormPink Bollworm   
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Conclusions 
GEL is easy to apply aerially and by ground, without major 
modification to standard equipment, on pin-square stage 
cotton or post-bloom cotton.  GEL is harmless to the cotton 
crop and does not cause observable phytotoxicity – the 
treated leaves appear normal and, most important, GEL 
does not cause early senescence nor leaf drop.  GEL 
stands up well to typical levels of sun, rain and wind.  The 
GEL was effective 26 days at pin square, 38 days mid-
season and more than 42 days late season. Our experi-
enced aerial application staff considered clean-up easy 
relative to standard pesticides.  We are very encouraged by 
the performance of this formulation to register and make 
the product available to eradication programs. 

Field and laboratory performance trials for DsRed marked OX1138BB pink bollworm 
CPHST STAFF:  John Claus; Tom Kalaris; Anna Lowe; Maria Sims; Guolei Tang; Mickey Sledge; Michelle Walters; 
   Colothdian Tate; Gregory Simmons 

COLLABARATORS: Leighton Liesner  (Arizona Cotton Research and Protection Council) 
CHAMPIONS:  Charlie Allen (Texas Boll Weevil Eradication Foundation, Director); 
   Don Parker (National Cotton Council, Manager of Integrated Pest Management); 
   Robert Staten (UofA/National Cotton Council, PBW Eradication Program Consultant); 
   Larry Antilla (Arizona Cotton Research & Protection Council, Director); 
   Jim Rudig (CDFA, Program Supervisor)  
CONTACT:  Michelle Walters (michelle.l.walters@aphis.usda.gov, 602-437-1295 X 233) 

 

Plans for 2010 
Pacific Biocontrol and Shin-Etsu are pursuing registration 
for GEL.  The PBW eradication program expects to use 
GEL during and following eradication.   
 

Mike Whitlow, ACRPC, plans to adapt the ground rig to 
connect directly to the collapsible GEL container.  This will 
further simplify application and cleanup. 
 

USDA APHIS PPQ CPHST and AEO plan to finalize aerial 
procedures to make them more compatible with existing 
commercial aerial application equipment. 

The USDA APHIS Pink Bollworm Rearing Facility provides 
all sterile moths for the PBW Eradication Program in the 
southwestern US and northern Mexico. CPHST personnel 
conducted field and laboratory studies to compare field and 
rearing performance of a genetically modified strain that 
expresses a fluorescent protein (OX1138BB) with the mass 
reared pink bollworm moth (APHIS). 
 

In the PBW Eradication Program, misidentification of the 
release insect as a wild insect (false positive) can lead to 
expensive control and quarantine measures. Conversely, 
misidentification of a wild PBW as a release insect (false 
negative) can lead to the undetected establishment of a 
pest population or the application of late or ineffective con-
trol measures.  The OX1138BB PBW recaptured in a moni-
toring trap can be positively identified using excitation light 
(at excitation 536-556 nm) and emission filters (emission 
590 nm (long-pass) or with polymerase chain reaction 
(PCR) techniques.  PCR uses DNA that is present in every 
cell, and will be used as a backup means of identifying the 
OX1138BB vs. wild (or APHIS) release insects.  Of critical 
importance, the OX1138BB genetic modification is herita-
ble and remains stable in rearing and the field.  In 2009, 
OX1138BB and the PBWRF APHIS strain were compared 
in studies conducted at the Phoenix lab (Tables 1 & 2) and 
in cotton fields in Coolidge, AZ (Fig. 1). 

 

In Table 1, percentages within each row followed by the 
same letter are not significantly different. Laboratory data 
indicated that both strains were highly productive in a mass 
rearing system.  APHIS and OX1138BB did not differ sig-
nificantly for egg-to-pupal yield, average pupae per cell, or 
adult eclosion.  OX1138BB was significantly lower than 
APHIS for percent egg hatch and average pupae per day, 
but was significantly higher than APHIS for average pupal 
weight (Proc Logistic, SAS®). 
 

In Table 2, percentages within each row followed by the 
same letter are not significantly different using the Proc 
Logistic, SAS®.  OX1138BB survived significantly longer 
than APHIS, both in the lab and in post release machine 
longevity studies. As demonstrated in Figure 1, the APHIS 
strain recapture rate was 25%-30% higher than OX1138BB. 
 

Project goals were reached, including demonstrating the 
performance of the DsRed marked PBW in a mass-rearing 
environment.  OX1138BB performed similar to or better 
than APHIS with respect to eclosion, longevity and pupal 
weight. Once an OX1138BB larva hatched, it is as likely to 
live to pupation as is the APHIS larva. Possible increases in 
cost at the front end of the program (i.e. mass rearing) may 
be negated in that the OX1138BB strain offers improved 
detection and confirmation of origin of moths found in    
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survey traps. This will significantly reduce the probability of 
false positive ID of release moths. Furthermore, F1 off-
spring of the release moths could also be identified, a fact 
not probable with the non-transgenic strains of PBW. 
 

The goal of obtaining comparative field performance data 
for APHIS and OX1138BB strains was achieved.  With trap 
data the OX1138BB demonstrated a significantly lower 
response compared to APHIS, consistent throughout the 
test.  In contrast, a smaller scale field trial in 2007 showed 
that OX1138BB out-performed APHIS to a similar degree. 
This might indicate the difficulty of carrying out such large-
scale comparisons.  In any case, the overall numbers of 
mass reared PBW needed to flood “hot spots” during post-
eradication would be small and therefore feasible. 
 

The goal of technology transfer was achieved by training 
CPHST staff in recognizing and scoring the fluorescent 
marker and by demonstrating the ability to identify 
OX1138BB using fluorescence and PCR methods, and 

further, by integration of these methods with current Calco 
red protocols.  CPHST received valuable feedback from the 
Eradication Program to improve protocols and use of tech-
nology.  This enables us to develop protocols for future pro-
gram use. The screener error rate emphasizes the impor-
tance of training identification personnel and the need for 
consistent equipment.  The appreciable loss of Calco red 
dye from APHIS strain moths in traps, especially late in the 
season, will be rendered irrelevant by the OX1138BB strain.  
During the course of this year’s eradication program, it be-
came evident that the program would benefit from having 
not only a visual marker that would not deteriorate over the 
moth’s life span, but from having a heritable marker that 
could be confirmed with PCR.  Use of this improved moth 
will resolve future dilemmas and make responses decisive – 
any moth recaptured will be, unequivocally, wild or mass-
reared.  Suspected F1 will also be as readily identified as 
wild or mass-reared in origin. 

  OX1138BB APHIS P Value 

7 Day Percent Survival 95.3a 90.6b 0.0001 
14 Day Percent Survival 90.4a 83.0b 0.0001 

  OX1138BB APHIS P-Value 

% Egg Hatch 91.29a 94.14b 0.0001 

Avg. pupae per day 139,068a 146,549b 0.028 

Avg. pupae / rearing cell 1958a 2035a 0.122 
Avg. pupal weight, in µg 15.20a 14.96b 0.04 

% Adult eclosion 99.0a 98.8a 0.329 

Avg. adult weight, in µg 8.51a 8.76a 0.103 

Table 1.  Comparison of production numbers and weight for 
OX1138BB and APHIS strains of PBW, 2009 mass rearing trial. 

Table 2. Seven and 14-day longevity results for each strain, 
OX1138BB and APHIS, in the laboratory  Figure 1. Total moth recaptures for both APHIS and DsRed for 

each collection date throughout the season. 
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Rangeland grasshopper treatments in USDA sponsored 
programs rely on traditional insecticide sprays or baits.  
Environmentally sensitive areas encountered within poten-
tial program areas commonly preclude the use of traditional 
insecticides.  The number of sensitive areas is increasing 
and in areas of grasshopper and/or Mormon cricket infesta-
tions, these situations can complicate or prevent much 
needed local or area-wide grasshopper treatments.  Treat-
ments allowed in such areas could be extremely important 
to both local and area wide control efforts. 
 

The development of non-chemical entomopathogens has 
long been desired as an alternative to traditional pesticides 
for control and management of grasshoppers and Mormon 
crickets on rangeland in the United States.  While 
Paranosema locustae, a protozoan parasite of grasshop-
pers and Beauveria bassiana, a fungus with a broad insect 
host range have been registered for use against these 
pests, neither one has gained wide acceptance nor use.  
The fungus Metarhizium acridum, which has activity spe-
cific to Orthopterans has been found in Australia, Africa, 
South America and Mexico is registered for use in several 
countries.  However, it has not been found in the US nor 
have foreign strains been registered for use in the US. 
 

With the end goal of developing alternative treatments to 
traditional insecticides, scientists from CPHST and ARS 
have been collaborating since 2003 to better understand 
the parameters under which the native fungi Beauveria 
bassiana and Metarhizium anisopliae show useful activity 
against grasshoppers or Mormon crickets on rangeland.  In 
2007, CPHST scientists began collaborating with Utah 
State University scientists toward the same goal.  This 
group of scientists together with the USDA APHIS PPQ 
Western Region efforts to supply soil samples with poten-
tial pathogens, works as a team to specifically develop 
usable, newly discovered fungal isolates of broad insect 
host range for rangeland grasshopper and Mormon cricket 
treatments and more importantly, the development of 
Metarhizium acridum when found in the US. 
 
 

The USDA APHIS PPQ Western Region provides soil sam-
ples from the western states taken during routine field sur-
veys for grasshoppers and Mormon crickets.  Utah State 
University processes the samples and screens them for new 
isolates of Beauveria bassiana, Metarhizium anisopliae or 
Metarhizium acridum (yet to be found).  Both Utah State 
University and ARS scientists then evaluate the strains in 
the lab for potential activity against the target pests and for 
growth/reproductive potential for mass production.  The 
group then selects the most promising isolates which are 
then produced to field testable amounts by ARS, USU or 
both.  CPHST, ARS and USU scientists then work together 
in the field to evaluate the isolates against Mormon crickets 
and/or grasshoppers.  Isolates are sprayed as liquid treat-
ments or applied as solid baits depending on the study de-
sign.  Sprays are applied to hundreds of mini plots by 
CPHST scientists using the Field Aerial Application Spray 
Simulation Tower Technique (FAASSTT) (Fig. 1), a system 
developed by CPHST to simulate aerial applied sprays at 
realistic field rates.  After treatment of small plots, test in-
sects are caged on the treated areas and monitored daily for 
mortality until the end of the study. (Fig. 2)  Studies usually 
include 6 replications of at least 12 individual mini plots and 
cages per replicate for each treatment in the study.  Two 
replications of each treatment in each study are typically 
removed from the field after two days and brought into the 
lab where they are held at optimal temperature for fungal 
growth to confirm that a lethal dose was delivered in the 
field.  During the studies, thermal surrogates for basking 
insects, in the form of wire thermocouples inserted into 
small, soy-sauce-filled tubes and attached to temperature 
recording devices, are used to determine the temperatures 
the test insects and the fungi infecting them experience dur-
ing normal behavior in the field and to determine the amount 
of growth the fungi could be expected to produce in re-
sponse to the observed “body temperatures”. This informa-
tion is eventually used to predict when onset of mortality 
could be expected to occur under the conditions of the spe-
cific study and is critical to understanding environmental 
limitations to these fungi. 

Evaluation of recent isolates of Metarhizium anisopliae against caged Mormon 
crickets on mini field plots in Sidney, Montana and Logan, Utah, 2009 
CPHST STAFF:  Nelson Foster (Lead); Larry Jech; Chris Reuter; Lonnie Black 
USDA-ARS-NPARL:  Stefan T. Jaronski; Robin Schlothauer; Paul Kaufmann (Pest Management Unit, Sidney, MT) 
USU BIO DPT:    Donald W. Roberts; Chad Keyser; Everton Fernandes; Rodrigo Ferreira 
CHAMPIONS:  Charlie Brown (Nat. GH/MC Program Manager); 
   Roeland Elliston (WR Program Manager); 
   Robert King (Utah and Nevada SPHD) 
CONTACT:  Nelson Foster (nelson.foster@aphis.usda.gov, 602-437-1295 X 225) 
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Two major studies of this type were conducted in 2009.  
Cooperating (CPHST, ARS, USU) scientists, using 
FAASSTT, applied candidate formulations of previously 
collected domestic fungi, pathogenic for Mormon cricket, to 
1,104  mini rangeland plots (684 in Sidney, Montana and 
420 in Logan, Utah).  The studies were expected to; (1) 
compare the activity of three domestic strains of 

Metarhizium anisopliae against Mormon cricket; (2) 
provide initial dose ranges for further evaluation, and 
(3) to evaluate persistence of one of the strains.  Each 
study lasted about 50 days. 
 

In Sidney, MT, Metarhizium anisopliae isolates F52 
high rate, DWR356 low rate, DWR346 low and high 
rates, DWR203 low rate and the Beauveria bassiana 
strain GHA high rate were studied.  In our study, F52 
performed the best and reached 85% mortality by 37 
DAT.  The other treatments produced substantially 
lower mortalities while B. bassiana produced the lowest 
mortality.  Important to note is the dose rank order re-
sult of DWR346 (Fig. 3).  The associated lab incubation 

study demonstrated that a sufficient dose to produce a great 
degree of infection and mortality was applied in the field, 
with all treatments producing 90-100% mortality by 14 DAT 
and two producing 100% mortality  within a week (Fig. 4).  
These laboratory incubations demonstrated efficacy in the 
absence of adverse, outdoor, environmental effects and 
should be contrasted with efficacies shown in Figure 3. 

 

In Logan, UT, the Metarhizium isolates DWR203, F52, 
DWR356, and DWR346 all applied at the high rate were 
studied.    In this study, DWR346 and DWR203 produced 
the highest mortalities respectively.  DWR346 approached 
70% mortality at 30 DAT (Fig. 5). The lab incubation study 
showed that doses sufficient to result in mortality were    

Figure 1.  Developed in late 1980’s as an alternative to 
traditional topical application laboratory studies (Foster et 
al. 1991), the air brush (Paasch Type H with 75 regulator) 
modified with a customized syringe needle (A) for liquid 
injection can produce droplets that simulate aerially applied 
sprays with known realistic field application doses. The 
system was made portable and used in the field originally 
with windbreaks to minimize spray drift (B). It evolved 
into a small portable prototype enclosed chamber (C) and 
larger more functional chamber (D). Today, the system has 
been adapted to a non-static producing paperboard chamber 
(E, F) and is termed Field Aerial Application Spray Simu-
lation Tower Technique (FAASSTT). 

Figure 2.  Field cages arranged on treated mini-plots.  Cages 
were removed during spray treatment, then replaced and stocked 
with a single immature Mormon cricket.  Paper plates were 
placed on top of cages to protect the spray from a rain storm.  

A B 

C D 

F E 

Figure 3.  
Average 
percent 
Mormon 
cricket field 
cage  
mortality, 
Sidney, MT.   
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administered in the field with similar results to those seen in 
Sidney, MT.  Two strains produced 100% mortality by day 
four and all strains produced 100% mortality within 8 days 
after treatment (Fig. 6). 
 

The meteorological conditions at the two study locations 
help explain some of the differences in overall results.  Fur-
ther evaluation of the data is continuing and further coop-
erative studies are planned.  The long term potential of the 
overall cooperative effort is reflected in the number of new 
isolates that have been identified by USU.  To date this 
number exceeds 1,500.  Since each isolate may operate 
under its own and sometimes unique temperature parame-
ters, the aim is to find one compatible with the environs that 
US rangeland grasshoppers and Mormon crickets inhabit.  
It is important to note that this large scale discovery effort 
may produce isolates that can be very useful against other 
non-related pests, current or as yet unforeseen. 

Figure 4.   
Laboratory 
confirmation 
of the efficacy 
of the field 
applied fungi, 
Sidney, MT 
(UTC =  
untreated 
control).   

Figure 5.  Average percent Mormon cricket field cage mortality, 
Logan, UT.   

Figure 6.  Laboratory confirmation of the efficacy of the field 
applied fungi, Logan, UT.   
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Field Evaluation of Spinosad with a drift management / deposition aid, In-Place, 
near Edgemont, SD, 2009. 
CPHST STAFF:  Larry E. Jech (Lead); R. Nelson Foster; K. Chris Reuter; Lonnie R. Black; Darryl Hill 
PPQ STAFF:  Cheryl Huddleston (Pierre, SD) 
CHAMPIONS:  Charlie Brown (Grasshopper and Mormon cricket National Program Manager);  
   Roeland Elliston (Western Region Program Manager); 
   Bruce Helbig (State Plant Health Director, South Dakota) 
CONTACT:  Larry Jech (larry.e.jech@aphis.usda.gov, 602-437-1295 X 237) 

Rangeland grasshopper suppression agents have tradition-
ally been broad spectrum pesticides adapted for rangeland 
control by a series of tests that investigate their efficacy and 
economic return on investment.  The current USDA APHIS 
recommendations for use on federal land have been cho-
sen based on these characteristics.  The cost of these ma-
terials has been increasing and environmental concerns 
have become issues with land managers as their focus now 
includes environmental concerns for non-target species on 
rangelands and grasslands.  The producers are aware of 
the costs for the control agents and for economic reasons 
are reluctant to apply timely applications to suppress grass-
hoppers on their property.   
 

The objectives of this study are to improve economics of 
Spinosad applications to improve application timing and to 
evaluate In-Place, a deposition and drift management agent 
to determine if the field half-life of Spinosad is extended by 
either increasing the amount of material deposited or pro-
tecting Spinosad from the environmental degredation. 
 

MATERIALS AND METHODS: 
Ten acre representative rangeland plots were treated in Fall 
River County, SD on 25 June 2009.  Prior to Spinosad ap-
plication the aircraft was calibrated to 1% of target delivery 
rate.  Forty 0.1 m2 rings were sampled to determine the 
field grasshopper population density. To determine the spe-
cies composition, 50 high and 50 low sweeps were col-
lected prior to application.  Subsequent ring and sweep 
samples were collected on 3, 6, 9 and 12 days after appli-
cation and returned to Phoenix for analysis. 
 

RESULTS AND CONCLUSIONS: 
Field mortality measured by ring and sweep samples show 
little difference between the treatments (Fig. 1).  Analysis of 
the cage survival set out on 25 June 2009 indicate addi-
tional mortality that was indeed detectable (test:  Log-Rank, 
Chi sq = 8.742; df , P=0.0031) (Fig. 2).  There was no addi-
tional mortality from the successively established cages.   
 
 

There is a subtle effect that can be measured in the cage 
studies that was not detected in the field counts and 
sweeps that were taken.  The survival in the cages, which 
are checked daily, was sensitive enough to pick up the ini-
tial quick drop that was not seen in the companion study. 
 

This indicates that adjuvants may be found that would ex-
tend the half-life of Spinosad.  The mode of action of the 
extension is not defined.  This line of research can reduce 
cost of the applications.  

Figure 1. 
Corrected 
field mor-
tality based 
on ring 
counts. 

Figure 2. Kaplan-Meir analysis of survival curves for Spinosad and 
Spinosad with In-Place.  
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Introduction: Since before the 1900s wheat bran baits and 
other carriers with various toxicants have been used to effi-
ciently control rangeland grasshoppers and Mormon crick-
ets; currently, baits are an environmentally friendly ap-
proach for pest control near sensitive sites.  However, re-
sults can be limited if the grasshopper species complex 
does not feed on the bait.  All carbaryl insecticides are un-
der registration review by the EPA even when integral to 
grasshopper IPM.  New toxicants, with new modes of action 
are being screened as baits.  The following trial looked at 
the acceptability and resulting toxicity for indoxacarb, meta-
flumazone, bifenthrin, and permethrin when compared with 
carbaryl on currently available carriers used for grasshop-
per control.   
 

Methods and Materials:  
Ten cages 7.75 inches (19.6 cm) in diameter were placed 
over typical rangeland forage and each was supplied with 
five Ageneotettix deorum 5th instars.  Thirteen treatments, 
including three untreated carriers, were applied at 10 
pounds per acre and checked daily for mortality for seven 
days (Table 1). Survival Analysis was used to separate 
treatments.  
 

Results:  
On 9 June 2009 (Day 4) a heavy hail storm went through 
the area damaging 30 of the 130 cages in the study.  How-
ever, very little data was lost and analyses were performed. 
 

When all results are presented (Fig. 1), it is apparent that 
there are several different responses to the baits.  When 
logical comparisons are made, such as the three bait carri-
ers with carbaryl, it is seen that the grasshoppers re-
sponded similarly but the toxicant and carriers could be 
separated (Log-Rank test = 10.1651; df = 2; Prob>ChiSq = 
0.0062*) based on the time course for mortality develop-
ment (Fig. 2).  Based on this analysis, carbaryl on flaky 
wheat bran continues to be the best overall combination for 
grasshopper control. 
 

Comparing only those combinations that produced higher 
mortality it is seen that the candidates were all similar, but 

none were quite as good as the carbaryl on the flaky wheat 
bran combination (Fig. 3) (Log-Rank test Chi Square= 
24.4770, df = 3, Prob>ChiSq <.0001).  Metaflumizone was 
slow to produce initial mortality.  The bifenthrin quickly pro-
duced mortality even at the low dose used in this experi-
ment.  The second best combination was the Indoxacarb 
4% on the Tast-E-Bait.  This combination was nearly as 
good as the carbaryl flaky wheat bran combination.   
 

Toxicant carrier combinations that are as effective as car-
baryl and flaky wheat bran may yet be found.  In this series 
the Indoxacarb on the Tast-E-Bait carrier was quite effective 
but not quite as good as the standard carbaryl wheat bran 
combination.  Permethrin does not look like a combination 
that will work as toxicant for baits.  Permethrin has a reputa-
tion as an antifeeding agent and is used as a ‘flushing’ 
agent in commercial pest control.  Indoxacarb and possibly 
metaflumizone appear to have promise, especially if the 
concentrations of the toxicants are increased.  The good 
news is that these materials are on the EPAs list of ‘soft’ 
chemistry and are likely to be available for a longer period 
of time.   

New toxicants compared with carbaryl on Crumbles®, Tast-E-bait® and wheat 
bran carriers in field cages on rangeland grasshopper near Edgemont,  
South Dakota, 2009 
CPHST STAFF:  Larry E. Jech (Lead); R. Nelson Foster; K. Chris Reuter; Lonnie R. Black; Darryl Hill 
APHIS-PPQ STAFF: Cheryl Huddleston 
CHAMPIONS:  Charlie Brown (Grasshopper and Mormon Cricket National Program Manager);  
   Roeland Elliston (Western Region Program Manager); 
   Bruce Helbig (State Plant Health Director, South Dakota) 
CONTACT:  Larry Jech (larry.e.jech@aphis.usda.gov, 602-437-1295 X 237) 

       Toxicant      Carrier     Percent 

UTC Wheat Bran Untreated 
UTC Crumbles Untreated 
UTC Tast-E-Bait Untreated 
Carbaryl Crumbles 5.00 
Carbaryl Tast-E-Bait 5.00 
Carbaryl Wheat Bran 5.00 
Bifenthrin Crumbles 0.20 
Indoxacarb Crumbles 0.22 
Indoxacarb Defatted Corn 0.22 
Indoxacarb Tast-E-Bait 2.00 
Indoxacarb Tast-E-Bait 4.00 
Metaflumizone Crumbles 0.15 

Permethrin Crumbles 0.60 
Table 1.  List of toxicant and carriers tested at the concentration 
tested.  Application rate was 10 pounds per acre. 
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Figure 2. Bait containing carbaryl compared. Figure 3.  Best bait candidates based on tests conducted at Edge-
mont, SD, 2009. 

Figure 1. Survival plots for all bait entries.  
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Initial comparison of the standard organophosphate treatment, Malathion 
(Fyfanon®) and a pyrethroid, β-Cyfluthrin (Baythroid® XL) applied at the label 
rates for control of rangeland grasshoppers in South Dakota, 2009. 
CPHST STAFF:  Larry E. Jech (Lead); R. Nelson Foster; K. Chris Reuter; Lonnie R. Black; Darryl Hill 
APHIS-PPQ STAFF: Cheryl Huddleston 
CHAMPIONS:  Charlie Brown (Grasshopper and Mormon cricket National Program Manager);  
   Roeland Elliston (Western Region Program Manager); 
   Bruce Helbig (State Plant Health Director, South Dakota) 
CONTACT:  Larry Jech (larry.e.jech@aphis.usda.gov, 602-437-1295 X 237) 

USDA APHIS currently uses three insecticides, Dimilin® or 
diflubenzuron, Fyfanon® or malathion, and Sevin® car-
baryl, in the grasshopper control program.  The latter two 
materials are being phased out by the EPA, despite their 
excellent service history.  One class of materials that has 
received little attention as a possible replacement is the 
pyrethroids, a broad spectrum insecticide that has a short 
residual, and in many ways similar to malathion. 
 

The following research was conducted to determine the 
control efficacy and cost of treatment for β-Cyfluthrin 
(Baythroid® XL) under field conditions.  Of the pyrethroids 
labeled for rangeland grasshoppers, this is the only one 
that allows livestock to remain on the pasture and has no 
grazing restrictions following application.  The biggest 
downsides are cost of material and the label application 
rate that requires two (2) gallons of water per acre by air 
and ten (10) gallons by ground. 
 

Methods and Materials: Malathion and β-Cyfluthrin were 
applied at label rates to 40 acre plots blocked on precount 
grasshopper densities.  Solid blanket treatments and 
RAATs were implemented to simulate grasshopper control 
programs.  Applications were completed with an aircraft 
calibrated to within 1% of label rates (Table 1). 
 

Efficacy was assessed by using 40 x 0.1 m2 rings counted 
before treatment and post-treatment at two and seven 
days.  Controls were counted on each sample date.  
Sweep samples were collected after counts were taken to 
determine species composition.  Pretreatment samples 
recorded 24 sps, while Ageneotettix deorum, Aulocara elli-
otti and Cordillacris occipitalis, all grass feeders, accounted 

for 75% of the field density.  All of the grasshoppers were 
late instars or young adults at the time of application and 
densities ranged from 25 to 50+ per meter2. 
 

Connin and Kuitert’s 1952 procedure was used to calculate 
percent mortality for the treated population using changes in 
check plot population.  These percent mortalities were then 
analyzed using JMP 8.0.  The results were statistically sig-
nificant for all post treatment samples, (two days, F=8.44; 
df=3, 9; P=0.005 and seven days, F=6.98; df 3, 9; P=0.01) 
(Figs. 1 & 2).  Baythroid XL is essentially equivalent to Fy-
fanon ULV based on the resulting mortality.  The series of 
crops listed for both materials is quite extensive, which al-
lows the selection of one treatment over another to be 
based on other factors such as cost and ease of application. 
 

A cost comparison matrix of these materials is presented in 
Table 2.  Cost per acre ranged from $0.88 for the RAATs 
malathion to $5.00 for the solid β-Cyfluthrin.  Current Bay-
throid XL label requirements include the use of two gallons 
of water per acre as the minimum allowed by air.  However, 
ULV formulations (one quart of oil per acre) of this material 
are available for some crops including corn, cotton, peanut, 
sorghum, sunflower, soybean, sugarcane and sweet corn.  
The requirement for the higher diluents volume will limit the 
amount of material that can be carried by aircraft and conse-
quently limit its utility in APHIS PPQ grasshopper control 
programs. 
 

Future plans include working to reduce the amount of active 
ingredient applied and trying to get a ULV application as part 
of the rangeland grasshopper label. 
 

Table 1. Summary of treatments and calibration parameters for both blanket and RAATs. 

Treatment   AI oz/ac 
Material fl 
oz/ac 

Total fl oz/
ac  Nozzle no.  Tip Size 

Screen 
size  Pressure psi 

Aircraft 
speed 

Swath 
width 

Percent 
Coverage 

Malathion  7.72 oz  8  8  8  8002  50  40  120  100  100% 

"  3.86 oz  4  4  4  8002  50  40  120  125  80% 
β‐Cyfluthrin  0.328 oz  2.6  256  27  8020  50  40  120  100  100% 

"  0.262 oz  2.08  205  27  8020  50  40  120  125  80% 
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Material 
Cost per 

gal 
Acres 
per gal 

Diluent per 
acre 

Total Insecticide 
+ Diluent 

Cost of 
Material 
per acre 
protected 

Malathion $35.00 16 none 1 gal $2.19 

Malathion RAATS $35.00 40 none 1 gal $0.88 

Beta Cyfluthrin $245.00 49 2 gal H2O 98 gal $5.00 

Beta Cyfluthrin RAATS $245.00 61 2 gal H2O 122 gal $4.02 

Table 2.  Cost to protect an acre using malathion and β-Cyfluthrin in either the 100% or RAATs coverage. 

Figure 1.  Mean percent mortality two days post treatment. 

Figure 2.  Mean percent mortality seven days post treatment. 
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Diflubenzuron (Dimilin 2L formulation) has been an aerial 
ultra low volume (ULV) treatment option for the USDA-
APHIS grasshopper management program since 2000.  
Initial studies conducted in 2008 with two selected mixes of 
Dimilin 2L, water and In-Place (a deposition and drift man-
agement agent envisioned to replace the oil requirement 
and purported to encapsulate the active ingredient to re-
duce evaporation and thus increases deposition) resulted in 
excellent field efficacy.  However, precipitation in the air-
craft hopper and some difficulty in post application cleanup 
caused concerns.  In an attempt to prevent these problems 
and to simplify and standardize the pre-spray mixing and 
calibration of diflubenzuron spray treatments while improv-
ing the economics of diluting materials used in low volume 
applications for control of rangeland grasshoppers, the fol-
lowing study was conducted. 
 

The objectives of this studywere to: 1) improve the econom-
ics of the diluting materials used in diflubenzuron spray 
mixes; 2) simplify mixing by reducing types and volumes of 
diluents used with a consistent standard; 3) simplify calibra-
tion by replacing different types and brands of oil diluents 
(vegetable and paraffinic) and emulsifying agents with a 
consistent standard; 4) solve previous precipitation and 
cleanup problems experienced with experimental Dimilin,  
In-Place and water mixes; 5) compare three selected ratios 
of Dimilin 2L, In-Place and water mixes for ease of use and  
efficacy, and 6) compare experimental, In-Place and water 
diluent mixes with the traditional Dimilin 2L treatment mix 
for field efficacy. 
 

The study was conducted in Fall River County of south-
western South Dakota, about 6 miles north and 7 miles 
west of the town of Edgemont on the Mark Tubbs ranch, 
June 19 - July 15, 2009.  The Dimilin 2L formulation of 
diflubenzuron (Chemtura Corp) was used in all spray treat-
ments studied. The specific treatments were: (1) 0.75  fl oz 
of Dimilin 2L plus 0.33  fl oz of In-Place plus 10.92  fl oz of 
water/acre equaling a total volume of 12 fl oz/ acre  and 
termed (¾ Dim 1/3 IP, 12 TV); (2) one fl oz of Dimilin 2L 
plus 0.33  fl oz of In-Place plus 10.67 fluid oz water/acre 
equaling a total volume of 12 fl oz/ acre and termed (1 Dim, 

Developments & advances in replacing traditional volumes of oil & water in ULV 
diflubenzuron sprays with alternative diluent mixes for rangeland grasshoppers 
CPHST STAFF:  R. Nelson Foster (Lead); Larry E. Jech; K. Chris Reuter; Lonnie R. Black  
AEO STAFF:  Daryl Hill; Tim Roland 
PPQ STAFF:  Bruce Helbig; Cheryl Huddleston (Pierre, SD) 
CHAMPIONS:  Charlie Brown (Grasshopper and Mormon cricket National Program Manager);  
   Roeland Elliston (Western Region Program Manager) 
CONTACT:  Nelson Foster  (nelson.foster@aphis.usda.gov, 602-437-1295 X 225) 

1/3 IP, 12 TV);   (3) one fl oz Dimilin plus one fl oz In-Place 
plus 29 fl oz water/acre equaling a total volume of 31 fl oz 
acre and termed (1 Dim, 1 IP, 31 TV), and (4) one fl oz of 
Dimilin 2L plus 10 fluid oz of oil  (Ferti-Oil - Compton Ag 
Services LLC, Casa Grande, Arizona) plus 20 fl oz water/
acre equaling a total volume of 31 fl oz/ acre and termed (1 
Dim, 31TV) (the standard Dimilin treatment currently used 
in APHIS sponsored grasshopper programs).  All treat-
ments were aerially applied at 100% coverage to square 40 
acre grasshopper infested rangeland plots and were repli-
cated four times (Fig. 1). Four untreated 40 acre control 
plots were also included.  Grasshopper populations in 
treated and untreated plots were counted and sampled 1 to 
3 days before treatment and at 7, 14 and 21 days after 
treatment.  The abundance of each species was calculated 
from uniform sweep samples taken at each site immedi-
ately after grasshopper densities had been determined. 
 

Pretreatment densities from individual sites ranged from 
13.5 - 49.0 and averaged 33.69 grasshoppers/m2  in the 
treated plots and from 26.0 - 62.5 and averaged 37.0 grass-
hoppers/m2 in the untreated plots.  The total average instar 
age or population maturity index was 3.658, between third 

Figure 1.  Aerial application of selected experimental mixes of 
Dimilin and diluents for control of grasshoppers on rangeland near 
Edgemont, South Dakota, 2009.    
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and fourth instar and was considered to be very realistic of 
an ideally timed program treatment.  All treatments pro-
duced reductions significantly greater than occurred in un-
treated populations.  These reductions were statistically 
equivalent among all treatments, regardless of the post 
treatment interval (Fig. 2).  The levels of control attained in 
this study are similar but lower than those obtained in a 
1999 study with Dimilin.  In that study the adjusted mortality 
was 99% with an average instar age (population maturity 
index) of 4.06 and 1.83% adults in the population two days 
before treatment. Our results were also slightly lower than 
those seen in the 2008 study.  In that study, the adjusted 
mortality was 95% (Dimilin standard 91%) with an average 
instar age of 3.496 and 2.00% adults in the population 2 
days before treatment. 
 

While it appears that there is no difference in mortalities 
produced with either a total volume of 12 or 31 oz/acre or 
the addition of one or 1/3 oz of In-Place, major differences 
were seen during the aircraft hopper cleanup phase of ap-
plication between the standard Dimilin treatment and treat-
ments containing In-Place.  Chemical analyses by two 
separate laboratories showed the precipitate remaining in 
the aircraft hopper contained 68% to 85% active ingredient, 
which may explain the lower mortalities in this study.  Only 
further testing including those conducted under operational 
conditions will confirm acceptable alternative mixes of Di-
milin in terms of mixing and cleanup efficiency, field efficacy 
and treatment economics. Because the composition and 
cause of the precipitation was unknown at this time, further 
physical testing of mixes in an aircraft hopper was required. 
 

In  a subsequent study conducted on Nov 29 and 30, 2009 
in Mission, Texas.  Nine new mixes were evaluated for 
compatibility (settling and foaming) and clean-up.  All mixes 
were to simulate formulations to be applied at 12 fl oz/acre.  

A total volume of 15 gallons, equivalent to the amount of 
material required to be applied to 160 acres at 12 fl oz/acre, 
was prepared for each mix.  Forty acres worth (3.75 gal-
lons) of each mix was aerially sprayed at application speed 
under continuous agitation.  After this was sprayed, the 
aircraft landed and the hopper and the material remaining 
in the hopper were evaluated.  The remaining material in 
the hopper was then sprayed out and the bottom of the 
hopper evaluated for residue similar to that observed in 
previous studies near Edgemont, South Dakota.   
 

In summary, a lower ratio of In-Place to the active ingredi-
ent component of the mix and the addition of R11 (a 
spreader activator nonionic surfactant) seems to solve the 
settling, foaming and cleanup problems.  At this time it ap-
pears that the dose and mix we want to target for program 
use is as follows: 
 

Traditional: 
-1 fl oz Dimilin 2L, ¼ fl oz In-Place, 0.25% R11, up to 12 fl 
oz with water/acre 
 

Reduced Agent Area Treatment (RAATs): 
-¾ fl oz Dimilin 2L, 0.1875 (3/4 of ¼ fl oz In-Place), 0.25% 
r11, up to 12 fl oz with water/acre 
 

Converting from the traditional 31 oz/acre mix to the new 12 
oz/acre mix will standardize mixes used with Dimilin sprays 
and will save considerable diluent costs while allowing 
more acres treated per aircraft load.  However, this new mix 
needs to be evaluated for efficacy at 12 oz total volume per 
acre in RAATs applications. 
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Figure 2.  Mean adjusted percent mortality of grasshoppers treated with selected diluent 
mixes of diflubenzuron – Edgemont, South Dakota, 2009.    
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Improving low volume ground application technology and developing ultra-low 
volume ground application capability for treating grasshoppers and Mormon 
crickets on rangeland 
CHPST STAFF:  R. Nelson Foster (Lead); Larry E. Jech; K. Chris Reuter; Lonnie R. Black 
PPQ STAFF:  Dewey Murray (AZ Domestic Program Coordinator); Dave Pierce (Phoenix, AZ) 
CHAMPIONS:  Charlie Brown (Grasshopper and Mormon cricket National Program Manager);  
   Roeland Elliston (Western Region Program Manager); Jerry Levitt (AZ SPHD) 
CONTACT:  Nelson Foster (nelson.foster@aphis.usda.gov, 602-437-1295 X 225) 

Low volume sprays are applied at application rates of 0.5 to 
43 gal/acre.  Ultra-low volume (ULV) sprays are applied at 
less than 0.5 gallon per acre and were developed shortly 
after World War II for the control of desert locusts in East 
Africa.  These first ULV 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 unaccept-
able in United States Department of Agriculture (USDA) 
sponsored control efforts against rangeland pests.  While 
substantial ULV ground application development work has 
been conducted since the initial ULV development, it still 
relies on atomization and drift.  A typical ground sprayer 
used on rangeland in the U.S. today, while producing ac-
ceptable droplet size and drift, may apply as much as three 
gallons per acre.  Because of the high volume applied per 
acre and the slow speed of application (compared to aerial 
systems) ground systems have time and treatment block 
size limitations.  Application rates are affected mainly by 
flow rate, swath width and speed of application.  The major 
impediment in efficient ground applications is a high flow 
rate which produces higher volumes per acre than needed.  
Lower flow rates would translate into less diluent per acre 
needed, less time for mixing and loading, more acres 
treated per tank load and completing the job quicker or 
spraying a larger area in the same time frame. 
 

 We report here on efforts to substantially reduce flow rates 
by modifying current commercially available ground appli-
cation equipment with mainly commercially available parts.  
The following study was conducted to specifically:  (1) re-
duce total liquid volume/acre requirements in ground appli-
cation equipment used against grasshoppers and Mormon 
crickets on rangeland; (2) develop ground capability to de-
liver ultra-low volume sprays at volumes/acre similar to 
those used in aerial applications, and  (3) evaluate efficacy 
and economy of newly developed ULV ground application 
equipment against rangeland grasshoppers in the field 
compared to currently used ground application equipment. 
 

A commercial ground application spray system, Jackrabbit 
Pro ATV Sprayer (Warne Chemical and Equipment Co., 
Rapid City, SD) mounted on a Suzuki Vinson QuadRunner 

ATV was modified with an adjustable timer activated sole-
noid valve to quickly switch the spray on and off.  Using a 
rapid on/off spray procedure essentially reduces the overall 
flow rate.  During application in the field, the natural edge of 
pattern overspray and drift will mix the spray droplets be-
tween the small distances traveled during the on and off 
spray phases.  The spray system was fitted with candidate 
standard commercial nozzles and tips.  The spray nozzles 
studied were Boominator 1250 and 1160, BoomJet 5880 
(body composed of 5 spray tips retrofitted with check 
valves), FieldJet 1/4KLCSS5, XP BoomJet ¼ 10-VP and 
CPP experimental.  The check valves were installed to pre-
vent fluid between the solenoid valve and the tip leaking 
during the off phase.  The spray system was also fitted with 
a pressure regulator and a liquid filled pressure gauge to 
increase accuracy.  The nozzle was mounted about 50 
inches above ground and directly behind the spray tank for 
all tests except for the Boomjet which was mounted about 
two feet behind the spray tank. 
 

Candidate nozzles were tested first in the unmodified stan-
dard system to determine the most productive in terms of 
swath width.  The nozzles with the widest swaths were then 
tested at numerous on/off intervals with two timers (a sec-
ond timer was tested because the original timer is no longer 
available) and using both a ¼ inch and ½ inch size solenoid 
(the ½ inch solenoid is more quickly available).  Swath 
widths were determined by spraying water through each 
configuration on dry pavement in a parking lot and measur-
ing the overall and effective swath.  Flow rates for each 
nozzle were determined by collecting and measuring the 
amount of water sprayed through each type of nozzle for a 
predetermined amount of time (replicated 8-10 times). 
 

The widest swath (41-42 ft) was produced by the BoomJet 
5880 nozzle with 5 tips (all on one nozzle) followed by the 
Boominator 1250 and 1160 which produced 40 ft swaths. 
The swath width was directly related to the number of tips.  
The smallest swath widths resulted from those with a single 
tip, FieldJet 1/4KLCSS5 and CPP experimental.  While 
single tip swaths could be increased by adding more tips, 
this would require developing a wider boom that would be 
subject to substantial flexing in the field during operation.   
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Currently ground applicators apply about 2-3.5 gallons of 
spray mix/acre at 10 mph with the FieldJet 1/4KLCSS5 and 
Boominator 1250 respectively.  2009 labels for Dimilin allow 
no less than one gallon per acre by ground; this, however, 
can be changed in the future.  The current aerial application 
rates/acre in USDA sponsored grasshopper/Mormon cricket 
control programs are 4-8 fluid oz for malathion, 16-32 fluid 
oz for Sevin XLR Plus and 12-32 fluid oz for Dimilin 2L.  
Grasshopper program managers desire total volume appli-
cation rates similar to those used in aerial applications.  
The lowest gallon per acre delivered by a standard configu-
ration was 1.58 and 1.59 gallons per acre at 12 mph with 
the FieldJet ¼ KLCSS5 and BoomJet 5880, respectively.  
When a timer activated solenoid was added to the spray 
system a dramatic reduction in total application volume per 
acre resulted (Fig. 1).   At 12 mph and a timer setting of 0.2 
sec on and 0.6 sec off, the BoomJet 5880 delivered 0.36 
gal per acre (Table 1, following page).  In the operational 
field study comparing the standard set-up and Boominator 
Nozzles with the new set-up and BoomJet nozzle, no sig-
nificant difference in efficacy resulted (77 to 78% mortality  
at 7 DAT and 84 to 92% mortality at 14 DAT) when Sevin 
XLR Plus was sprayed to control grasshoppers on Arizona 
rangeland  (Fig. 2). In an 8 hour period the old system ap-
plied treatments to 130 acres using 2 ATV’s and 19 loads 
while the new system applied treatments to 300 acres using 
2 ATV’s and 12 loads.  
 

The advantages of modifying existing ground spraying sys-
tems with a timer activated solenoid valve to quickly shut 
the spray on and off is obvious as it greatly reduces flow 
rates.  This remarkable economical improvement saves 
ferrying, mixing and loading time as well as diluting materi-
als currently required of ground applications.  Additionally, 

this modification should be easily adapted to any spray 
system, therefore greatly broadening the scope of impact 
on ultra-low volume ground applications.  

Figure 1.  Gallons applied per acre at various speeds with selected timer settings and 
½ inch solenoid (timer based on 0.2 sec on and selected time off).    

Figure 2.  Rangeland areas treated with conventional spray sys-
tem with Boominator nozzles and the modified spray system with 
BoomJet nozzle.    
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Table 1.  Gallons applied per acre and distance traveled at various speeds with selected intervals of spray off. 

* Both nozzles used a ¼ inch timer-activated solenoid valve  

Nozzle * swath 
width 

pres-
sure psi 

gal/min speed acre/min gal/acre timer 
on: off 

distance/off 

BoomJet 
5880 DP55 

42 24 1.62 
n = 8 

5 0.4242 3.82 all on none 

        6 0.5091 3.18   none 

        7 0.5939 2.73   none 

        8 0.6788 2.39   none 

        9 0.7636 2.12   none 

        10 0.8485 1.91   none 

        11 0.9333 1.74   none 

        12 1.0182 1.59   none 

                  

BoomJet 
5880 C142 

42 24 0.37 
n = 8 

5 0.4242 0.87 0.2/0.6 4.40 ft 

        6 0.5091 0.73   5.28 ft 
        7 0.5939 0.62   6.16 ft 
        8 0.6788 0.55   7.04 ft 
        9 0.7636 0.48   7.92 ft 
        10 0.8485 0.44   8.80 ft 
        11 0.9333 0.40   9.68 ft 
        12 1.0182 0.36   10.56 ft 
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