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ABSTRACT. The Legume Integrated Pest Management Pest Information Platform for Extension and Education (ipmPIPE) leverages a
variety of programs and resources based on data collected from legume sentinel or mobile plots in as many as 25 states and in Canada
and Mexico through collaborations with in-country scientists. It identified priority fungal, bacterial, and viral pathogens or diseases and
insect pests (including pathogen vectors) for monitoring based upon sampling and diagnostic protocols, and kit-based high output viral
immunoassays for use by National Plant Diagnostic Network (NPDN) labs. Another key feature of the Legume ipmPIPE is its enhanced
communication between scientists specializing in legumes and collated data reporting from across the United States. It capitalizes upon
a Web-based platform for information access and display to extension educators, research scientists, industry, and other stakeholders
with a portfolio of management and education tools. Project specialists have distributed a set of 24 pocket sized cards (print and online
versions) to legume stakeholders and integrated pest management personnel that improves the accuracy of plant growth stage descriptions, plant pathogen or disease and insect pest diagnostics for legume crops such as common bean, chickpea, lentil, field pea, lima bean,
and cowpea. The goal of the Legume ipmPIPE is to identify causes of losses (yield, quality, economic) in legumes and assist producers in
minimizing those losses by implementing integrated pest management of pathogens and insect pests.
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The Legume Integrated Pest Management Pest Information Platform
for Extension and Education (ipmPIPE) enhances the role of landgrant university and extension specialists in integrated pest management (IPM) by providing near real-time access to field scouting
observations, disease model output, pest management information,
and diagnostic images. Communication tools also allow specialists to
customize information for dissemination to state and regional crop
consultants and growers. Educators and stakeholders can easily obtain
information on plant pathogens and insect pests identified in a specific
area or general region and implement up-to-date management strategies appropriate to that state or region.

Background
The ipmPIPE evolved from the soybean rust (SBR) monitoring and
communication system. The ipmPIPE expanded to include soybean
aphid (SA) in 2006 (Isard et al. 2006). In 2007, the U.S. Department
of Agriculture Risk Management Agency (USDA-RMA) requested
that ipmPIPE help determine causes of disease and insect pest losses
(yield, quality, economic) in other legumes including fresh and dry
peas and beans, chickpeas, lentils, lima beans, and cowpeas. Thus, the
Legume ipmPIPE (http://legume.ipmpipe.org) evolved with the objective of addressing diverse pathogens and insect pests on related
legume hosts rather than a single crop (soybean) and microbial pathogen (SBR) or insect pest (SA) (Langham et al. 2007, 2010). Legume
and IPM extension specialists and researchers initiated sampling protocols, identified diagnostic procedures, and developed new diagnostic assays for three major legume crop groups (common bean, cool and
warm season legumes) and four legume disease and insect pest groups
(rusts, other fungal and bacterial diseases, viral diseases, insect pests
including pathogen vectors). National mapping of this information on
a public Website began in 2008, extending the applicability of the
system. Continued development has integrated pathogen and insect
pest information and images on the Website with a number of management and educational tools for extension specialists, researchers,

support staff, students, and stakeholders. Diversity of pathogens, insect pests and hosts represented in the Legume ipmPIPE is uniquely
suited to demonstrate its value as an interactive “one-stop-shop” for
legumes where educators and stakeholders can, within three easy links
(Fig. 1), obtain information on pathogens and insect pests detected in
an area (Schwartz et al. 2009).

Legume ipmPIPE Today
The Legume ipmPIPE provides a dynamic system that combines
pathogen and insect pest information provided by up to 25 state
coordinators (extension specialists and researchers) into an information technology (IT) platform to promote efficient and coordinated
delivery of IPM resources and products to extension educators and
stakeholders. This system established a network of extension educators, researchers, and stakeholders who monitor sentinel or mobile
plots in target legumes for pathogens and insect pests at research
facilities and commercial fields in the United States and limited areas
of Canada and Mexico. Three groups of legume crops were organized
with stakeholder’s input: common bean: fresh and dry beans; coolseason legumes: fresh and dry peas, lentils, and chickpeas; and warmseason legumes: cowpeas and lima beans. Four groups of legume
diseases and insect pests were selected by legume specialists and industry
stakeholders. These include: soybean rust (Phakopsora pachyrhizi Sydow) and common rust (Uromyces appendiculatus [Pers.:Pers.] Unger) (group 1); regionally prevalent diseases such as white mold
(Sclerotinia sclerotiorum [Lib.] de Bary) and common bacterial blight
(Xanthomonas campestris pv. phaseoli [Smith] Dye) (group 2); viral
diseases such as those caused by Alfalfa mosaic virus, Bean pod mottle
virus, Bean common mosaic virus, Bean yellow mosaic virus, Beet
curly top virus, and Cucumber mosaic virus (group 3); and soybean
aphid (Aphis glycines Matsumura) and other regionally important
insect vectors of pathogens and insect pests such as the Mexican bean
beetle (Epilachna varivestis Mulsant) (group 4). Protocols were developed for sampling, pathogen diagnosis, and insect identification.
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Diagnostic assays for viruses with suitable capacity for high sample
numbers are being developed for use by NPDN diagnostic laboratories
(http://www.npdn.org/). State coordinators provide the backbone of
the monitoring network. They facilitate involvement of local cooperators, provide access to diagnostic training of field scouts, and communicate with state diagnosticians about pathogen and insect pest
reports generated by the Legume ipmPIPE. State coordinators also
participate in national and regional conference calls to report new

developments, write protocols for additional pathogens and insect
pests, and promote informed and timely IPM strategies.
State coordinators enter and update weekly to biweekly commentary on legume crops, insect pests, and pathogens and their diseases,
scouting and management tools, and provide links to other resources
such as crop growth stage guides, crop disease models, pathogen
insect vector and insect pest population densities, federal and state
pesticide recommendations, and other IPM strategies that include
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Fig. 1. The stakeholder can access pathogen and insect pest information in three links by clicking the inquiry (i) button (circle) and then
clicking on any county of interest (arrow). This opens the pathway to the Bugwood image resource portal and the materials contained in it.
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ipmPIPE Usage
The frequencies of users (visitors to a site) and hits (files accessed
by users) to the general ipmPIPE Website throughout 2010 are summarized in Fig. 4; these statistics include those for the Legume
ipmPIPE. The ipmPIPE site had a monthly average ⬎69,000 hits.
Interest peaked during the growing season with ⬎100,000 hits recorded during July and August. Thus, the ipmPIPE is a well-used site.
Additional components will increase user activity, especially as legume marketing information (spot monitoring of current crop prices)
and weather forecasts are added to the suite of files and resources
available at this one-stop site for legume stakeholders, researchers,
and extension specialists across the country. We anticipate that interest in the Legume ipmPIPE will continue to increase.

Assets
The greatest asset of the Legume ipmPIPE is the outstanding
extension specialists, researchers, coordinators, diagnosticians, stakeholders, field workers, and others who each year provide “the eyes and
feet on the ground” to make this project happen. The Legume ipmPIPE
has also provided real-time national interaction and a communication
conduit for extension specialists, researchers, and diagnosticians, and
has increased their coordination and cooperation. It has forged new
connections with legume stakeholders and industry enabling the Legume ipmPIPE to be more responsive to the needs of growers and their
industry. For example, weather damage to legume crops in northcentral states during 2008 –2009 led legume stakeholders to request
information on abiotic crop damage diagnostics, and the Legume
ipmPIPE published an Environmental Damage diagnostic card to aid
in assessing this effect. Information flow in the ipmPIPE depends on
people collecting information, posting data, reporting to others, lis-

Fig. 2. Field diagnostic cards provide pictures of highlighted pathogen or insect pest on the front with information on the pathogen or insect
pest, symptoms and signs, and other factors affecting management on the back. The cards are pocket-sized (20.3 ⫻ 8.9 cm) and treated for
UV and dirt resistance to be easy to carry and use in the field.
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cultural practice modifications and the use of disease resistant cultivars in future plantings. As coordinators update data files and commentary, ZedX (http://www.zedxinc.com/) populates the Legume
ipmPIPE site with this constantly changing information. Legume crop,
disease and insect pest group maps are customized for stakeholders
who query the map by positioning the cursor over a state, county, or
site for highlights. The stakeholder can access state-specific information by selecting the state, which is then displayed with county
boundaries. Specific reporting information and commentary are provided by the coordinator for that state or region. Stakeholders are
urged to adapt this information to their local needs which may vary by
field and county in each reporting state.
Digital images of legume crops, legume disease signs and symptoms, and insect pests are being compiled on the Bugwood Network
(http://www.forestryimages.org/about/). Users of the Legume
ipmPIPE Website can link to images of disease symptoms and signs
associated with different pathogens and to insect pests and the damage
they cause on legume crops (Fig. 1). An example of whether a
pathogen or insect pest is reported to be detected or not detected in that
county is displayed in Fig. 1. Clicking on a disease or insect pest of
interest (common bean rust in the example) brings the stakeholder to
the Legume ipmPIPE Bugwood Wiki site. Here, clicking on that same
pathogen and disease (common bean rust) will bring the stakeholder
to images of that pathogen and its disease symptoms and signs.
Additionally, stakeholders can access images on any of the other
targeted diseases and insect pests by returning to the Legume ipmPIPE
Bugwood Wiki portal and clicking on listed pathogens or insect pests.
Additional educational materials are available through the Legume
ipmPIPE Website, such as field legume disease and insect pest diagnostic guides (Fig. 2) and crop growth staging guides (Fig. 3).
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Fig. 4. The usage statistics for the ipmPIPE public Website in 2010 with the number of visits (by users) shown in the solid line and the
number of hits (files accessed by users) shown in the dashed line.
tening to new information, writing new materials, and educating
others in a seamless interface between data and the stakeholder.

Challenges
Funding remains a significant challenge for all of the ipmPIPE
components. The significance of consistent funding is compounded as
the prevalent paradigm of “doing more with less” spreads people,

land, and equipment resources thinner each year at the cooperating
institutions, potentially compromising the provision of “real-time”
data that is the basis for the ipmPIPE Websites. Thus, the challenge of
continuing to provide archived data access and real-time monitoring
and diagnostic support for each state remains a primary goal for the
continuation of the Legume ipmPIPE. In addition, accuracy of crop,

Downloaded from https://academic.oup.com/jipm/article-abstract/2/2/E1/863219 by University Libraries | Virginia Tech user on 17 May 2019

Fig. 3. Growth staging cards for field use are intended to assist stakeholders in determining the proper growth stages for scouting, reporting
and applying management strategies.
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pathogen, and insect pest monitoring and IPM information remains
dependent upon the level of coordinator, support staff, student, and
stakeholder participation and coverage in key legume producing areas
of each state and region.

Future Plans

their production and pest management system throughout the United
States.
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The Legume ipmPIPE coordinators anticipate continued service to
the legume industry and stakeholders. The project plans to continue its
2011–2012 activities, and will focus on monitoring and reporting
priority diseases and their pathogens, insect vectors of pathogens, and
insect pests with timely recommendations on effective IPM strategies.
An additional set of four diagnostic cards will be produced on topics
related to seedling emergence issues, other legume viruses, and pest
resistance to pesticides. In addition, weather forecasts and a real-time
price discovery tool (spot prices provided periodically by legume crop
suppliers) will be added to the Website. This commodity component
will enhance the overall utility and economic value of the ipmPIPE to
legume crop growers and other stakeholders, and the sustainability of
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