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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding

Title: Rapid detection of PVY using a viral protease-induced fluorescence assay

ARS Principal Investigator: Paul Bethke
Cooperator(s): Aurelie Rakontondrafara , PhD; Erin Weber, PhD

Summary of accomplishments:
• Optimization of recombinant expression and purification conditions for quenched fluorescent
reporter
• Testing of various crude leaf sap preparations to reduced background noise during fluorescent
readings
• Development of a quenched reporter with a longer, more accessible linker for improved
cleavage by PVY protease
Research Approach:
This work made progress toward developing a simple and rapid detection method for
identification of PVY-infected tissue (foliar and tuber) based on NIa protease activity that is
specific to PVY. The novel diagnostic method aims to speed up identification of infected potato
tissue during screening of seed material as well as for use in development of resistant cultivars.
The work utilized constructs already made by us that link fluorescent proteins with the PVY NIa
protease target site and a small peptide that quenches the fluorescent signal in the absence of
protease activity. By design, the substrate contains a string of amino acids that is targeted for
cleavage by a viral protease but not by host proteases. Initial steps in PVY infection include
synthesis of the PVY NIa, chymotroypsin-like cysteine protease and onset of in cis and in trans
proteolytic activity. By adapting this technique to measure the activity of this PVY-specific
protease, we will decrease the time and cost of diagnosing PVY infections while improving
sensitivity over conventional methods.
Results:
Substantial progress was made on defining and optimizing the protocol for production of the
recombinant, quenched reporter protein and defining the best assay conditions.
To validate the system, initial steps were taken to validate PVY specific conversion of the dark substrate
to a fluorescent protein in vitro. E. coli-based expression and purification of the recombinant, quenched
fluorescent protein and a control fluorescent protein were optimized. Expression temperature and
length were varied to achieve optimal, soluble protein expression. The purification protocol was
optimized to increase the yield of soluble fluorescent proteins with minimal handling in a buffer
compatible for protease activity.
In vitro assays of PVY-sap induced conversion of quenched to fluorescent protein were complicated by
the background of fluorescent compounds in leaf sap. Crude sap purification and buffer modifications to
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reduce background noise were studied to improve signal to noise ratio during fluorescent
measurements. Conditions that minimally reduced leaf background signal were identified.
Protease cleavage using the linker length described in other systems was inefficient as assayed by dark
to bright conversion using purified recombinant proteins. The assay conditions, including buffer and
time for conversion, were varied but ultimately it seemed there was inefficient conversion of dark to
bright. This may be due to the length of the cleavable linker. Based on methods in the published
literature, the linker was expanded to be more flexible to increase PVY NIa protease access. The linker
length is still short enough to facilitate the quenching of the fluorescent signal based on the proposed
mode of quenching. Additional constructs with longer linkers, to allow more access to the PVY cleavage
site without unquenching the fluorescent signal have been designed and await further testing.
Additional experiments varying the timing of infection in tobacco plants have been conducted to
determine the earliest viable stage for PVY infection without inducing plant mortality. This ability to time
PVY infection and subsequent Agrobacterium-mediated reporter expression will be important for
eventual use as a research tool. Tobacco can survive infection at a very small stage (4- 5 fully expanded
leaves, directly after transplant). Eventual use of the reporter in planta for research will initially require
careful timing of expression of the dark reporter while PVY infection is present.

The emergence of the Covid-19 pandemic and the closure of essential research service facilities
severely restricted our ability to complete all of the additional validation tests outlined in our
proposed research.
Publications:
None.

Presentations:
None.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding

Title:
Control of Pythium leak (Pythium ultimum) and silver scurf (Helminthosporium solani) infection
of potato using antagonistic Streptomycetes
ARS Principal Investigator: Christopher Clarke
Cooperator(s): Brad Geary (BYU)
Summary of accomplishments:
1. Quantified three types of chitinase activity of 85 non-pathogenic Streptomyces strains.
2. Used optimized plate-based inhibition assay to screen 82 Streptomyces strains for antagonism to
Pythium ultimum and 22 Streptomyces for antagonism to Helminthosporium solani.
3. Developed assay for screening Streptomyces suppression of Pythium leak and silver scurf
symptoms in potted plants in a greenhouse. Quantified the antagonism of eight Streptomyces
against Pythium leak in the greenhouse assay.
4. Developed protocol for adding selectable markers to Streptomyces and transformed selectable
marker into several of the top candidate biocontrol Streptomyces for soil quantification.
Research Approach:
This project is a continuation of a funded FY18 potato grants project. We are quantifying a large
collection non-pathogenic Streptomyces for: 1) chitinase activity, 2) growth antagonism toward growth
of P. ultimum, and 3) growth antagonism toward H. solani. We anticipate identifying promising
biocontrol Streptomyces using this approach because chitinase enzymes are expected to degrade the
cell wall of fungal pathogens (such as H. solani) and growth antagonism toward a pathogen may enable
disease suppression in soil. Additionally, all of the tested Streptomyces were isolated from field-grown
tubers and are therefore expected to thrive in the environmental niche required for real-world efficacy.
Based on the plate-based growth antagonism assays, we are selecting the top candidate biocontrol
Streptomyces and assessing their potential to inhibit disease development on tubers in soil. The
Streptomyces are mixed in vermiculite at 107 bacterial spores per ml and incorporated in the soil
surrounding the seed tuber to minimize H. solani spread to progeny tubers. Pythium rot assays have 107
bacterial cells per 50 ml mixed into gum Arabic and coated onto storage tubers, Pythium inoculum is
applied to the tuber two days after the Streptomyces, storage rot is determined one week later. Lastly,
we are determining the stability of the most promising biocontrol Streptomyces in soil and optimizing
the treatment methodology to prepare for field trials with the biocontrol strains. Streptomyces are
transformed with a selectable marker so that the amount of Streptomyces in soil can be quantified over
a fourteen-week period. The different treatment methodologies that will be tested include mixing
Streptomyces into or on top of soil and adding cell-free extracts from Streptomyces onto soil.
Results:
We quantified the chitinase activity for 85 non-pathogenic Streptomyces (Figure 1). Chitinase
enzymes are expected to inhibit growth of fungal pathogens due to the presence of chitin in the cell
walls of fungi. There are multiple different types of chitinase enzymes (broadly divided into
endochitinases and exochitinases). We quantified multiple types of chitinase activity produced by each
of the 85 Streptomyces to be able to determine which type of chitinase activity is most effective at
inhibiting fungal growth. Within our 85 tested non-pathogenic Streptomyces, there are strains that
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exhibit high activity for all three types of chitinase and strains that exhibit high activity for only one type
of chitinase (Figure 1). We, therefore, expect to be able to identify which type of chitinase activity is
most associated with inhibition of fungal pathogens such as H. solani.
To date, the inhibition of H. solani by non-pathogenic Streptomyces has been quantified for 22
strains in the plate-based growth antagonism assay (Figure 2). Fifteen of the Streptomyces inhibit
growth of H. solani by more than 20%, and four of the Streptomyces inhibit H. solani growth by more
than 50%. We continue to have contamination in the H. solani cultures. As we improve contamination
control, we will continue the screen to test antagonism by all 85 strains. Given the results for the first
22 strains, we expect to identify many more Streptomyces that are antagonistic to H. solani.
The inhibition of P. ultium by non-pathogenic Streptomyces has been quantified for 82 strains in
the plate-based growth antagonism assay (Figure 3). As expected, fewer Streptomyces are inhibitory
toward the oomycete pathogen P. ultimum than H. solani, with the majority of strains showing no
inhibition. Eleven of the 82 strains inhibited P. ultimum more than 20% (based on average inhibition),
but for many of these strains, there were multiple replicates that exhibited 0% inhibition. However,
three Streptomyces strains exhibited consistent growth inhibition against P. ultimum (Figure 3).
We are currently in the process of testing fifteen of the potential biocontrol Streptomyces for
inhibition of Pythium leak and silver scurf symptoms in greenhouse pot assays. In the first assay for silver
scurf suppression by Streptomyces, we did not exhibit any disease symptoms even on the control tubers.
Those tubers are being stored to see if disease symptoms develop in storage. We will optimize
inoculation with H. solani to get consistent disease pressure. We have completed one round of the
greenhouse disease suppression assay for Pythium leak. Seven of the eight tested Streptomyces were
able to suppress Pythium disease severity (Figure 4) and incidence (not shown). After the completion of
two more greenhouse assays for suppression Pythium leak, we will begin the Streptomyces treatment
optimization experiments in the greenhouse.
We completed one greenhouse assay to quantify the stability of Streptomyces in soil but were
unable to identify a combination of antibiotics in which to grow the bacterial suspensions from soil that
allowed growth of the target Streptomyces while suppressing growth of contaminating microorganisms.
We have transformed four of top candidate biocontrol Streptomyces with a selectable marker that
expresses antibiotic resistance and fluorescent protein production. The antibiotic marker will allow
quantification of the bacteria in soil. The fluorescent protein will allow visualization of the bacteria in soil
to determine whether they colonize the tuber surface. While the transformation protocol requires some
optimization for each species of Streptomyces, we are now able to rapidly transform numerous species
and expect to add the selectable marker to four additional candidate biocontrol Streptomyces in the
near future.
Publications:
None at this time. We will submit a manuscript after completing more greenhouse assays. Both the
Clarke and Geary labs have agreed to continue collaborating on this project to complete all objectives.
Presentations:
Christopher Clarke. Washington/Oregon potato meeting. January 2020. Streptomyces in potato
production: from the causative agent of common scab to potential biocontrol agents.
Christopher Clarke. Potato Association of America annual meeting. July 2019. Common scab disease
of potato – diversity and management.
Shae Taylor, Brad Geary, and Christopher Clarke. 2019. Biocontrol potential of Streptomyces isolates on
fungal pathogens (Helminthosporium solani, Pythium ultimum) of potatoes. American Phytopathological
Society Annual Meeting. Cleveland, OH. Abs. 078-P1. Aug 3-7.
Shae Taylor, Brad Geary, and Christopher Clarke. 2019. Biological Control Potential of Streptomyces on
fungal Pathogens of Potato. BYU Graduate Student Conclave, oral presentation. Nov. 21.
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Figures

Figure 1. Chitinase activity of potato-associated non-pathogenic Streptomyces. The three subplots
indicate the three different types of chitinase activity using different chitin oligomer substrates. CB =
chitobioside exochitinase activity; CT=chitotrioside endochitinase activity; GA= glucosamanide
exochitinase activity.

Figure 2. Box plot of growth antagonism of H. solani by Streptomyces in a plate-based assay. Pathogenic
H. solani was inoculated in the center of an oatmeal agar plate with a plug of Streptomyces on one side
of the plate and an empty agar plug on the other side of the plate. The percent inhibition is calculated as
100*[(Ga-Gt)/Ga)] where Ga = growth of the pathogen away from the Streptomyces plug and Gt =
growth of the pathogen toward the Streptomyces plug. A negative percent inhibition indicates increased
growth of the pathogen toward the Streptomyces relative to the agar plug (in which case Ga and Gt are
switched in the above algorithm). The number of replicate plates is between 8 and 95, depending on the
Streptomyces strain.
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Figure 3. Box plot of growth antagonism of P. ultimum by Streptomyces in a plate-based assay.
Pathogenic P. ultimum was inoculated in the center of an oatmeal agar plate with a plug of
Streptomyces on one side of the plate and an empty agar plug on the other side of the plate. The
percent inhibition is calculated as 100*[(Ga-Gt)/Ga)] where Ga = growth of the pathogen away from the
Streptomyces plug and Gt = growth of the pathogen toward the Streptomyces plug. A negative percent
inhibition indicates increased growth of the pathogen toward the Streptomyces relative to the agar plug
(in which case Ga and Gt are switched in the above algorithm). The number of replicate plates is
between 8 and 40, depending on the Streptomyces strain.
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Figure 4. Streptomyces isolates in a tuber rot assay where the Streptomyces was added to a potato tuber
two days before the tuber was inoculated with Pythium. Percent tuber rot was estimated seven days
after inoculation. All tubers were wounded with a meat tenderizer immediately before the Streptomyces
gum Arabic was applied, the wounding provided infection sites for the Pythium. Seven of the eight
isolates had less Pythium rot than the control, TX06-03A had three times more Pythium than the control.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: What’s that smell? Search for wireworm attractants and development of pheromone-based
methods for monitoring and management
ARS Principal Investigator: William Rodney Cooper, Temperate Tree Fruit and Vegetable Research Unit,
Wapato, Washington
Cooperator(s):
Name: Jocelyn Millar
University/Organization: University of California Riverside, Department of Entomology
Address: 900 University Avenue, Riverside CA 92521
Email: Millar@ucr.edu
Name: Arash Rashed
University/Organization: University of Idaho, Department of Entomology, Plant Pathology,
and Nematology
Address: 875 Perimeter Dr. Moscow, ID 83844
Email: arashed@uidaho.edu
Name: Lawrence Hanks
University/Organization: University of Illinois at Urbana-Champaign, Department of
Entomology
Address: 320 Morrill Hall, 505 South Goodwin Ave., Urbana, IL 61801
Email: hanks@illinois.edu
Name: Anders S. Huseth
University/Organization: NC State University, Department of Entomology and Plant
Pathology
Address: Campus Box 7630, North Carolina State University, Raleigh, NC 27695
Email: ashuseth@ncsu.edu
Name: Thomas Kuhar
University/Organization: Virginia Tech, Department of Entomology
Address: 216 Price Hall, Virginia Tech, 170 Drillfield Drive, Blacksburg, VA 24061
Email: tkuhar@vt.edu
Research Objectives:
Research Objectives: 1) Field screen possible pheromone compounds to determine which chemicals or
blends are attractive to pestiferous click beetle species. 2) Identify new pheromone components from
live unmated females of pestiferous, target click beetle species. 3) Use the newly-identified sex
pheromone of Melanotus communis to characterize seasonal phenology and develop a foundation to
better understand spatiotemporal click beetle activity in a landscape context.
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2019 Research Progress Report

Obj. 1. Field screen possible pheromone compounds to determine which chemicals or blends are
attractive to pestiferous click beetle species.
In 2019, 21 pheromones, pheromone candidates, and their structural analogs were field tested
across four states to determine if any were attractive to different species of click beetles. Of the 21
compounds, nine were found to attract significant
Table 2. List of click beetle species captured
numbers of male click beetles from at least 14 species in in field screening across four states.
10 genera (Table 2). For most species, adult males were
State
Species
captured in traps baited with pheromones identified
Idaho
Agriotes sp.
from European species in eight genera. The compounds
Aeolus linevis
that attracted the Melanotus and Cardiophorus species
Dalopius asellus
were analogs of the pheromones identified by team
members from the corn wireworm, Melanotus
L. californicus
communis1, and Cardiophorus species in California2. The
L. infuscatus
nine compounds that were found to be attractive in
Pseudancistrus
2019 will be tested again in 2020, with more replication.
nebraskensis
In addition, analogs of the attractive compounds will be
Illinois
Elater abruptus
synthesized and field tested to determine if they
South
Carolina
Glyphonyx ferruginosus
synergize attraction to the known attractants, and/or
Elater abruptus
related species.
Melanotus morosus
A putative sex pheromone of Limonus
californicus was identified and supplied by cooperator
Washington
Limonius infuscatus
Gerhard Gries (Simon Frasier University). This
Dalopius spp.
compound was field-tested in the Columbia Basin of
Idolus columbianus
Oregon and Washington and captured over 2000 males
Cardiophorus spp.
of this species confirming that this compound is a
powerful attractant. Field-testing of this compound was completed under an informal working agreement
between the two groups of collaborators but is consistent with the overall goals of our continuing project.
Continued field-testing of this compound will accelerate optimization, development, and
commercialization.

Obj. 2. Identify new pheromone components from live unmated pestiferous click beetle females

In summer 2019, field-collected click beetles were shipped to UCR from U. of Illinois, for volatile
collections. Putative pheromones have been identified from three species that were shipped,
Parallelostethus attenuatus, Elater abruptus, and a Melanotus species. The putative pheromones were
identified as novel compounds, which were then synthesized at UCR for preliminary field testing in
Illinois. Results from these trials showed that males of the Melanotus species were strongly attracted to
the pheromone candidates identified from conspecific females. Only a few Parallelostethus attenuatus
males were captured in traps with one of the possible pheromones, most likely because it was the very
end of the field season by the time the compounds were synthesized. Additional field tests and GC-EAD
analyses will be conducted in 2020 to confirm the pheromone identification for the Melanotus and
Parallelostethus species in Illinois.
In addition, approximately 50 Selatosomus pruininus (=Ctenicera pruinina) wireworms were
collected in central Washington and are currently being reared to adulthood for collections of volatiles
from virgin females. Selatosomus pruininus, or the Great Basin wireworm, is a known pest of potato and
wheat in Washington and Idaho and often co-occurs with pestiferous Limonius species.
1

Williams L, Serrano JM, Johnson PJ, Millar JG (2019) 13-Tetradecenyl acetate, a female-produced sex pheromone component of
the economically important click beetle Melanotus communis (Gyllenhal) (Coleoptera: Elateridae). Sci Rep 9:16197
2
Serrano JM, Collignon RM, Zou Y, Millar JG (2018) Identification of sex pheromones and sex pheromone mimics for two North
American click beetle species (Coleoptera: Elateridae) in the genus Cardiophorus Esch. J Chem Ecol 44:327–338
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Identification of psyllid salivary proteins to improve use of host plant resistance
ARS Principal Investigator: William Rodney Cooper, Temperate Tree Fruit and Vegetable Research Unit,
Wapato, Washington, rodney.cooper@usda.gov
Cooperator(s):
Name: Cecilia Tamborindeguy
University/Organization: Department of Entomology, Texas A&M University
Address: TAMU 2475 College Station, TX 77843-2475
Email: ctaborindeguy@tamu.edu
Name: Julien Levy
University/Organization: Department of Horticultural Sciences, Texas A&M University
Address: TAMU 2133, College Station, TX 77842-2133
Email: julienlevy@tamu.edu
Name: Karol Krey
University/Organization: USDA-ARS Temperate Tree Fruit and Vegetable Research Unit
Address: 5230 Konnowac Pass Road
Email: Karol.Krey@usda.gov
Research Objectives:
Overall goal: Characterize the molecular interactions among potato, potato psyllid, and Lso.
Specific Objectives:
1) Identify salivary gland transcripts from Lso-infected and uninfected psyllids;
2) Identify genes that encode for secreted proteins (those that are likely discharged into the plant
phloem);
3) Test which of these proteins can manipulate plant defenses
Anticipated results:
1) Knowledge that will substantially improve efforts to develop potato varieties that are resistant to
potato psyllid.
2) Identify gene targets for the development of psyllid control tactics using non-GMO based technology
also being developed for citrus psyllid.
2019 Research Progress Report:
Obj. 1: Identify salivary gland transcripts from Lso-infected and uninfected psyllids
Four replications of the Northwestern and Western haplotypes, both uninfected and infected
(16 samples) have been dissected (with 300 glands in each replicate), RNA extracted, and sequenced.
Transcripts were analyzed and sorted based on those highly expressed and those differentially
expressed between treatments. The top 50 highly expressed genes from each treatment were
examined. Many of the highly expressed genes are mitochondrial, but among the non-mitochondrial
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there are actin and myosin genes, consistent with transport. Interestingly vitellogenin too. And a few
genes with no similarity to anything but encoding small proteins and with very nice secretion peptides
predicted. We saw 7998 genes differentially expressed in the Northwestern haplotype between infected
and uninfected psyllids. Out of those, 4702 were upregulated in “clean” and 3296 downregulated. We
saw 4672 genes differentially expressed in the Western haplotype between infected and uninfected
psyllids. Out of those, 2005 were upregulated in “clean” and 2667 downregulated. Analyses of these
transcriptomes is continuing.
Obj. 2: Identify genes that encode for secreted proteins (those that are likely discharged into the plant
phloem)
Two approaches were used.
1-Similarity search using putative salivary proteins from other phloem-feeding hemipterans.
Salivary proteins identified in whiteflies and aphids were used to search the potato psyllid
transcriptomes. There were no psyllid homologs to these proteins. Putatively secreted proteins
identified from whitefly salivary gland transcriptome analysis were also searched. Four potential
homologs were identified in the potato psyllid transcriptome: three encoded for angiotensin converting
enzyme-like precursor genes and one maltase. None of these transcripts were expressed at high levels
as expected for secreted proteins. They were classified as Medium priority for validation.
2-Identification of highly expressed transcripts encoding for potentially secreted proteins.
Highly expressed transcripts in the salivary gland transcriptome encoded for proteins involved in cellular
respiration and transport (which is expected for this type of tissue). Several transcripts many of them
with no putative function encoded small proteins with putative secretion peptides. They were classified
as High priority from validation. For some of those, we are still unsure whether we have the complete
coding sequence. Therefore, three candidates for which we have the complete coding sequence and
with high probability of being secreted were chosen to perform the first experiments
Obj. 3: Test which of these proteins can manipulate plant defenses
Two candidates were successfully amplified using psyllid gut cDNA. Candidate 1 (5051) was
cloned into the Agrobacterium binary vector and two assays for induction/repression of plant defenses
were performed (these are preliminary, more repetition is needed for this type of experiments). This
construct induced cell death in tobacco plants. Candidate 2 (31435) is being cloned. Candidate 3 (25620)
could not be amplified from the gut cDNA. It is possible that this transcript is only expressed in salivary
glands. Therefore, we need to produce a salivary gland cDNA library.

11

FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Understanding factors affecting beet leafhopper and potato purple top disease in Washington
ARS Principal Investigator: William Rodney Cooper, Temperate Tree Fruit and Vegetable Research Unit,
Wapato, Washington, rodney.cooper@usda.gov
Cooperator(s):
Name: David Crowder
University/Organization: Washington State University, Department of Entomology
Address: 166 FSHN Building
Email: dcrowder@wsu.edu
Name: Saumik Basu
University/Organization: Washington State University, Department of Entomology
Address: 166 FSHN Building
Email: saumik.basu@wsu.edu

Research Objectives:
(Obj. 1) Identify weedy hosts of BLTVA-infected beet leafhoppers.
(Obj. 2) Identify weed sources of BLTVA-infected beet leafhoppers entering potato fields.
(Obj. 3) Use data on BLTVA prevalence to inform landscape ‘risk’ models
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2019 Research Progress Report (Year 1 of Project)
(Obj. 1) I dentify w eedy hosts of BLTVA-infected

beet leafhoppers.

A total of 175 beet leafhoppers were collected from eight
potential host plants in the potato growing regions of
Washington from June until August of 2019. Specimens
were also collected in September and October but have
not yet been counted and processed. Leafhoppers were
collected from Russian thistle and Kochia each month.
Mustard was present only in June and pigweed was
present only present in June and July. About 20% of
leafhoppers were infected with BLTVA, but infected insects
were only collected in June and early July (Fig. 4).
Populations on pigweed were uninfected with BLTVA in
June but later became infected in July suggesting that
leafhoppers present on pigweed had arrived there from a
different host plant such as mustard.

Fig. 4. Summary of beet leafhopper collections in
2019. Red indicates the population was infected with
BLTVA and blue indicates uninfected populations.

Sampling will begin several months earlier in 2020 than
was done in 2019, and sampling efforts will be expanded to include more potential host plants and a wider
geographic region.

(Obj. 2) I dentify w eed sources of BLTVA-infected beet leafhoppers entering potato fields.

DNA from all specimens collected for Objective 1 has been stored in -80°C for gut content analysis. We also have
obtained leafhoppers that were captured on yellow sticky cards in potato fields in Washington and Oregon. Gut
content analysis is currently being conducted on these insects and should be completed by March of 2020.

(Obj. 3) Use data on BLTVA prevalence to inform landscape ‘risk’ m odels
Data from 2019 will be used to improve risk-models produced in 2020.

Additional funding

We received research funds from the Washington Potato Commission to complete similar objectives to those
proposed here. The additional funds will allow us to process many more samples for gut content analysis and to
include insects from other states that were not included in the proposal from the Washington Potato Commission,
including Idaho and Oregon.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title:
Characterization of Soil Health Parameters from Nematode Infested Potato Fields in the Columbia Basin
ARS Principal Investigator:
Maximilian Jeffrey Feldman
Temperate Tree Fruit & Vegetable Research Unit
5230 Konnowac Pass Road
Wapato, WA 98951
Phone: 509-786-9252
E-mail: Max.Feldman@usda.gov
Cooperator(s):
Vidyasagar Sathuvalli
2121 1st St.
Hermiston, OR 97838
Phone: 541-223-1699
E-mail: vidyasagar@oregonstate.edu
Summary of accomplishments:
We have generated enough potato seed of the Columbia root knot nematode resistant cultivar
(PA99N82-4) to plant the trial at Hermiston, OR. We have prepared nematode free control fields at both
locations in Prosser, WA, and Hermiston, OR, by contracting fumigation treatment (Telone II + MetamPotassium) from Custom Orchard Fumigation. In addition, we have developed a workflow to sample
bulk soil, rhizosphere associated soil, and plant associated microbiome fractions during a mock trial
performed in Prosser, WA, during the 2019 field season. We utilized METER TEROS 10 soil moisture
sensors to track volumetric water content at 12” depth at 6 different locations across a diseased potato
plot in Prosser, WA, and contracted four sUAS data collection flights which provided an estimate of plant
canopy cover and spectral indices for fields in Prosser, WA, as part of this mock trial.
Research Approach:
Although we were unable to perform a controlled and replicated experiment in 2019 due to lack of seed
for one of the disease resistant varieties (PA99N82-4) and short notice to schedule fumigation, we were
able to characterize the chemical and physical properties of soils in the diseased field site in Prosser,
WA. In 2020, we have planted both trials, sampled, and determined both the physical and chemical
properties of the soil at each location. In addition, we have performed nematode counts for each
subplot, within each field at both the Prosser, WA, and Hermiston, OR, field sites. Subsets of these
samples have been frozen and will be used for nucleic acid extraction and microbial content estimation
using next generation sequencing. Both field locations will utilize an identical array of METER TEROS 10,
12, and 21 sensors to collect volumetric water content, soil water potential, soil temperature, and
electrical conductivity throughout the field season. We will also be collecting multispectral image data of
each field using a sUAS system on a weekly basis to compare potato growth characteristics. To date,
three measurements have been performed in Hermiston, OR, and two in Prosser, WA.
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Results:
Due to lack of seed for an essential clone in this trial and inability to perform fumigation due to late
notice of this award, we do not have any valid results to report for 2019. For a mock trial performed in
Prosser, WA, we see significant differences between the growth of Russet Burbank (disease susceptible
check) and Castle Russet (PVY and corky ringspot resistant clone) between diseased and fields of
unknown disease status. These results will need to be revisited in the 2020 trial.

The most impactful outcomes are that given the efforts in 2019 we are now on pace to complete this
study in 2020. Due to limitations of seed for PA99N82-4 and lack of control fields (fumigated), we were
not able to perform the study as proposed during the 2019 field season. During 2019 the team in
Prosser, WA, performed a mock trial that helped us established microbiome sampling protocols, soil
quality measurements, and sUAS methods to evaluate clone status. Now that we have established the
fields, germplasm, sampling protocols, and measurement techniques we can finally resolve the
questions asked in the accepted proposal.
Publications:
Nothing to Report.
Presentations:
Nothing to Report.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Improved Predictions of Potato Early-Die Disease Complex Integrating Thermal Imagery and Soil
Health Indicators into Crop Simulation Systems
ARS Principal Investigator: David H. Fleisher, Adaptive Cropping Systems Laboratory, Beltsville,
Maryland
Cooperator(s): Bruno Basso, Marisol Quintanilla, George Bird, Michigan State University, East Lansing,
Michigan
Ann MacGuidwin, University of Wisconsin, Madison, Wisconsin
Summary of accomplishments:
Overarching goal of this project was to develop a potato early-die (PED) simulation model based on
tuber yield stability and soil health indicators. This consists of linking remote sensing technologies to
detect and monitor differences in PED disease, nematode infestation and various soil parameters that
affect potato growth and yield. The aim was to better identify and understand conditions that lead to
within field variability of PED and related spatial patterns to soil health indicators and yield stability. Due
to delays in processing USDA funds to collaborators and substantial impact of COVID-19, much of the
analysis linking on-site measurements with image analyses and modeling tools was not conducted. A
no-cost extension for six months was granted to continue to work on these aspects of the project. Two
preliminary accomplishments were summarized:
1. Remotely sensed imagery and on-site yield information from multiple potato fields was collected and
catalogued. Patterns of spatial variability from planting through harvest were assessed and initial
evaluation between such patterns and occurrence of yield loss were conducted. Work to be done under
no-cost extension will relate these patterns of spatial variability to soil quality and pathogen presence.
and the possible occurrence of yield losses. Existing potato crop models will be modified based on these
relationships to indicate future PED susceptibility in grower fields.
2. Analysis of soil data indicated a significant presence of both nematodes and verticillium which placed
such soil locations at risk for potato early-die disease. Values from these field plots were obtained for
existing soil indices that classify soil health associated with fertility and microbial population. These
indices appeared to vary spatially. Work to be done under no-cost extension will evaluate connections
between such variation, tuber yield and remotely sensed imagery.
Research Approach:
On-farm data was collected from grower fields located in Michigan’s Montcalm County and near the
University of Wisconsin during the 2019 growing season. For Michigan fields, information including
planting, fertilization, and harvesting results were catalogued into digital databases. Four airborne based
images, defined in Table 1, were captured by a commercial remote sensing company, AirScout® Inc,
from 12 potato fields on 12 dates in this area. A detailed soil map at each field was obtained and
archived (Figure 1). Images were geospatially linked with this soil and precision application data.
Soil samples were obtained at the Michigan and Wisconsin sites via hand dug yields and analyzed for soil
health indicators, including potato early-die disease pathogens. Soil microbial community analyses were
initiated and used to obtain values for well-known soil health indices including the ‘Enrichment Index’,
that measures soil nutrient turnover, and the ‘Structure Index’ that measures stability and diversity.
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Results:
A total of 576 images were collected throughout the 2019 growing season in Michigan. An example of
the vegetative responses detected by different aerial imaging sensors is shown in Figures 2 and 3 from
which a wide range of spatial variability can be seen. Spatial trends were at the largest early (Figure 2A,
2B, 3A, 3B) and later (Figure 2G, 2H, 3G, 3H) in the growing season. The field reached full canopy by July
23rd (Figure 2D, 3D). While spatial variability is generally minimized in these types of fields which use
linear or center pivot irrigation systems, certain areas show higher temperatures as noted by thermal
imagery (Figure 3). This was noteworthy since high irrigation would generally be expected to provide
ample water thereby lowering canopy temperatures. Relationships between PED, soil quality, and these
thermal and yield stability maps will be evaluated.
The Wisconsin site showed 100% incidence of root lesion nematodes and 14% incidence of Verticillium
at sampled locations. Due to the synergistic interaction of Pratylenchus and Verticillium all locations
were considered to be at risk for the potato early dying disease. Stunt nematode, Tylenchorhynchus
spp., were present at low levels in every sampling location. Total numbers for the nematode community
ranged from 57 to 5250 per 100 cubic centimeters of soil. Community analyses are in progress, and work
to date shows the field to have a high proportion of bactivorous nematodes and a corresponding high
value for the Enrichment Index, a measure indicating high nutrient turnover and a low value for the
Structure Index, a measure of stability and diversity. Results for Michigan locations using the Cornell
University Soil Health Indicator approach were complete. There appears to be a variability in index
values among the sampling locations which should correlate with simulated outputs from the modified
crop models in the future.
Publications:
• Conference proceeding: MacGuidwin, A. E., and Saeed, I. A. 2019. Evaluation of fall cover crops for
their response to Pratylenchus penetrans and Verticillium dahliae in Antigo Wisconsin. Proc.
Wisconsin’s Annual Potato Conference, http://wpvga.conferencespot.org/program.
• Conference proceeding: MacGuidwin, A. E. 2020. Pratylenchus – persistent, pernicious, perplexing.
Wisconsin’s Annual Potato Conference http://wpvga.conferencespot.org/71036-wpvga1.4585087/t001-1.4585275/t001-1.4585276/a006-1.4585331/an006-1.4585332
• Conference abstract: Pack, G. D., Saeed, I. A., and MacGuidwin, A. E. 2019. Using sparse sampling and
dense estimation to study spatial relationships between Pratylenchus penetrans and the physical soil
environment. Vol 49 No 2 (2019): Nematropica.
https://journals.flvc.org/nematropica/issue/view/5461
• Book chapter: Hafez, S. L., S. Palanisamy, and A. E. MacGuidwin. 2020. Nematode management, pp
259-282 in J. C. Stark, M. Thornton, and P. Nolte, Eds Potato Production Systems. Springer, 635 pp.
Presentations:
None
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SUPPLEMENTAL MATERIAL
Table 1: Specific aerial imagery product and description of each type related to this project.

Imagery
Type
Visual
Digital
Imagery
ADVI ®
Imagery
NDVI
Imagery
Thermal
Imagery

Details

Visible imagery is the composite of blue, green, and red wavelengths
showing the plants as they appear to the naked eye.
Proprietary vegetation index shows a myriad of colors that reads relative
plant health presented from foliage reflectance.
Normalized difference vegetation index uses red and near infrared to
identify healthy vegetation which is crucial to understand potato yield
potential.
Emitted as heat, thermal radiation displays the plants’ response to
available soil water, drought stress and potential presence of pests and
diseases.

Figure 1. Soil map of a field of interest in Michigan’s Montcalm County. Data sampled from this location
in 2019 including precision agriculture information and aerial remotely sensed data summarized in Table
1.
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Figure 2: ADVI® images from late June until midOctober in a potato field grown in Michigan. Red and yellow colors indicate possible vegetative stress.
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Figure 3: Thermal images from late June until mid-October in a potato field in Michigan. Yellow and red
colors indicate warmer canopy temperatures.

20

FY2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Updating potato seed certification practices to effectively manage emerging virus disease issues

ARS Principal Investigator: Melanie Filiatrault (formerly Stewart Gray, now retired), Emerging Pests and
Pathogens Research Unit, Ithaca, NY, melanie.filiatrault@usda.gov
Cooperator(s):
Dr. Amy Charkowski, Professor and Department Head, Colorado State University, Ft. Collins, CO,
amy.charkowski@colostate.edu
Dr. Alexander Karasev, Professor,University of Idaho,875 Perimeter Drive MS 2329, Moscow, ID 838442329; akarasev@uidaho.edu

Research Objectives: The overall objective of this project is to provide seed certification with protocols
for determining disease incidence estimates using dormant tuber testing and to help with the
implementation of the new procedures.
Specific objectives are:
1. Optimize PCR-based diagnostics for important viruses and bacteria using the DNA/RNA extracted from
the FTA cards.
2. Compare the results obtained from the new assay with current protocols used by seed certification.
FY19 Progress Report
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Toward environmentally sound control of water-mold potato pathogens: Bacterial compound
isolation and soil tests to combat potato late blight and pink rot
ARS Principal Investigator: Dennis Halterman, Vegetable Crops Research Unit, Madison, Wisconsin,
dennis.halterman@usda.gov
Cooperator(s):
Jason Kwan, University of Wisconsin, Madison, Pharmaceutical Sciences
Research Objectives:
To spur the discovery and development of the biologically active and useful agent(s) produced by the AK
soil bacterium we will carry out the following objectives:
1. Increase scale of testing the ability of AK bacteria to protect tuber infection by P. infestans.
2. Test the effectiveness of AK bacteria and extracted compounds on different growth stages of P.
infestans (e.g. sporangia and zoospore germination and growth).
3. Determine the effect of AK bacteria to limit growth of other soil pathogens of potato, including
Alternaria solani (early blight), Verticillium dahliae (early dying), and Helminthosporium solani (silver
scurf).
Given the bacterium’s demonstrated effect on a range of plant pathogens and other characteristics, it
continues to be a promising candidate for development into a new commercial biological control agent
or biopesticide. It offers a further advantage in that it belongs to a bacterial category not known to
include human pathogens (unlike Bacillus or Pseudomonas strains often used as biocontrols), which
may ease regulatory barriers to its agricultural use.
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Second Year Progress Report
With the second year of USDA support we have completed or made significant progress on our three
research objectives, with the long-term goal of creating new, biologically derived controls for water mold
pathogens. Specifically, we have accomplished the following:
Objective 1: Generate a large-scale AK culture under optimized conditions developed in Year 1 to allow
enough material for isolation, purification, and characterization of the bacterial compound(s) that inhibit
Phytophthora infestans. We will use standard analytical chemistry techniques on the bacterium grown
both in monoculture as well as in co-cultures with P. infestans.
We successfully optimized and scaled up growth of our bioactive AK bacterium in solid media
monoculture for chemical extraction and activity-guided fractionation. The result was a substantially
greater quantity (by an order of magnitude) of the crude solvent fraction we are interested in purifying to
identify the compound(s) responsible for inhibiting P. infestans. We have confirmed stable antiPhytophthora activity in that solvent fraction. We are in the process of purifying the extract fraction
through chromatography (HPLC) and characterizing the bioactive compound(s) with standard chemical
analytical techniques (NMR and mass spectrometry). We expect to have a mass for the compound(s)
of interest in the next few months, which will allow us to determine if the compound(s) are known (by
comparison with a database of known molecular masses) or potentially novel. We expect to have pure
compound(s) identified by the end of our second year.
We have also grown the AK bacterium in coculture with P. infestans, and are exploring ways to analyze
the active compounds produced (for example, with droplet probe analysis) when the microbes are
grown together. Due to the reduction of the requested amount of second year funding, we were not
able to pursue the proposed collaboration to study the coculture with imaging mass spectrometry at the
University of Illinois at Chicago.
Objective 2: Confirm that the bacterial compound(s) isolated are active against other Phytophthora,
including the potato pathogen P. erythroseptica, responsible for pink rot.
To conserve material, we have so far focused on testing with P. infestans US23; we are in the process
of testing the crude solvent fraction against other Phytophthora and will have results for effects on P.
erythroseptica by the end of our second year.

We determined the viability of the AK
bacterium in potted, sterilized field soil
at a range of field temperatures over a
period of 4 weeks (Figure 2). We found
that the bacteria can persist at 4˚C and
16˚C for 4 weeks,. Its persistence in
soil means we can further test how it
might control the late blight pathogen
on treated seed pieces. Given AK’s
inhibition of both water molds and
fungi (see proposed Objective 3
above) in laboratory tests, as well as
its persistence in soils, the AK
bacterium itself continues to be a
promising candidate as a plant
probiotic or bio-protectant in the field.

Samples containing AK bacteria (out of 6)

Objective 3: Test the viability of the AK bacterium in potted field soil as an initial indicator of the
bacterium’s potential use as a bio-protectant in the field.
6
5
4
3
2
1
0
3 days

5 days

7 days

14 days

21 days

28 days

Incubation time

Figure 2. Persistence of AK bacteria in field soil over time at
various temperatures.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding (FINAL REPORT)
Title: Identifying anti-psyllid and anti-aphid compounds from epiphytic fungi that associate with morning
glories
ARS Principal Investigator: David R. Horton, Temperate Tree Fruit and Vegetable Research Unit,
Wapato, WA
Cooperator(s): Jennifer Duringer, Endophyte Service Laboratory, College of Agricultural Sciences,
Oregon State University, Corvallis, OR
Summary of accomplishments:
• Screened multiple species of morning glories and bindweeds for toxicity to potato psyllid and
green peach aphid
• Highly toxic plants shown to harbor suite of compounds known as ergot alkaloids
• Developed single-leaf assay method to inoculate potato plants with compounds for assaying
against potato psyllid and green peach aphid
• Assays confirmed that these alkaloids had psyllicidal and aphicidal effects
Research Approach:
We screened 14 species of morning glories and bindweeds in whole-plant trials to evaluate survival of
potato psyllid; a subset of those plants was screened against green peach aphid. We anticipated that
plant species that would be shown to be toxic to insects would also harbor an endophytic fungus
(Periglandula) that produces a class of compounds known as ergot alkaloids. Clippings of toxic and nontoxic species were evaluated with PCR to look for the fungus, while additional plant tissue from each
plant was sent to the OSU cooperator for biochemistry work to look for alkaloids.
Results:
We found that toxic plant species invariably harbored the Periglandula fungus (Fig. 1) and almost
invariably had detectable levels of ergot alkaloids (Fig. 2). The alkaloids included a mixture of
compounds in two general classes (Fig. 2). Single-leaf (potato) assays (Fig. 3) with purchased pure
compounds confirmed that these compounds were toxic to psyllids in a dose-response fashion (Fig. 4).
Assays with green peach aphid mimicked the psyllid results, suggesting that these compounds have
toxicity to phloem-feeding insects in general.
Publications:
Kaur, N., W.R. Cooper, J. Duringer, A. Rashed, I. E. Badillo-Vargas, G. Esparza-Diaz, and D.R. Horton.
2020. Inoculation of host clippings with ergot alkaloids from endophyte-infected morning glories
leads to mortality of potato psyllid (Bactericera cockerelli; Hemiptera: Triozidae). J. Econ. Entomol.
(in review).
Presentations:
Cooper, W.R. and D.R. Horton. 2020. IPM-related research on psyllids, leafhoppers, and wireworms at
the USDA-ARS in Wapato. Washington-Oregon Potato Conference, Kennewick, WA. January 2020.
Kaur, N., W.R. Cooper, J.M. Duringer, I.E. Badillo- Vargas, G. Esparza-Diaz, A. Rashed, D. D. Cook, and
D.R. Horton. Eliminating a symbiotic fungus (Periglandula) from psyllicidal Convolvulaceae allows
successful development of potato psyllid. 79th ANNUAL PACIFIC NORTHWEST INSECT
MANAGEMENT CONFERENCE, Portland, OR, January 2020. Pages 61-64
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Kaur, N., W.R. Cooper, J.M. Duringer, I.E. Badillo- Vargas, G. Esparza-Diaz, A. Rashed, and D.R. Horton.
The Periglandula-Convolvulaceae symbiosis affects suitability of plants to the psyllid Bactericera
maculipennis. 67th Annual Entomological Society of America Meeting in St. Louis. November 2019.
Kaur, N., W.R. Cooper, J.M. Duringer, I.E. Badillo- Vargas, G. Esparza-Diaz, A. Rashed, and D.R. Horton.
Insect Interactions with plant pathogenic and plant mutualistic fungi in the family Clavicipitaceae.
Invited seminar at the Department of Entomology, Plant Pathology and Nematology at University of
Idaho, Moscow. April 2019.
Kaur, N., W.R. Cooper, J.M. Duringer, I.E. Badillo- Vargas, G. Esparza-Diaz, A. Rashed, and D.R. Horton.
Role of a mutualistic fungus, Periglandula species to protect Convolvulaceae against psyllids. P-IE,
Biocontrol, Pathogens and Predators. ESA, ESC, ESBC Joint Annual Meeting, Vancouver, CA,
November 2018.

Figure 1. Visual evidence for
presence of Periglandula
fungal colonies on leaves of
toxic morning glories.

Figure 2. Results of whole-plant assays with 14 species of
Convolvulaceae showing lack of development on plant species found
to harbor Periglandula and ergot alkaloids (red-filled boxes). Species
in blue font are bindweeds, species in tan font are morning glories.
Species on which psyllids survived shown by green “Y”; species
having red “N” caused 100% mortality.
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Figure 3. Methods for whole-leaf (potato) assays. Clipped
ends of potato leaflets placed in solutions of ergot alkaloids
in dose-response assays. Biochemistry confirmed that
leaflets took up the targeted alkaloids. Psyllid nymphs
were placed on leaflets and 3-day survival was monitored.

Figure 4. Psyllid mortality on potato leaflets in inoculation trials with pure
compounds. Line graphs show the bar-graph results as dose-response curves.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Evaluation of Heavy Metals as Inadvertent Drivers of Insecticide Resistance Through Activation of
Insecticide Detoxification Mechanisms
ARS Principal Investigator: Shelley H. Jansky, USDA-ARS, Research Geneticist, Vegetable Crops Research
Unit, 1575 Linden Drive, Madison, WI 53706. shelley.jansky@usda.gov
Cooperator(s): Russell L. Groves, Professor and Department Chair, Department of Entomology,
University of Wisconsin, 1630 Linden Drive, Madison, WI 53706. rgroves@wisc.edu
Summary of accomplishments:

The potato industry uses a combination of insecticides to control problematic pest species in potato, including the
Colorado potato beetle (CPB, Leptinotarsa decemlineata). Unfortunately, this pest species has an incredible
capacity to adapt and become resistant to insecticides at an alarming rate. Unfortunately, knowledge gaps remain
in terms of the specific genetic mechanisms utilized by this insect. A multitude of chemical compounds are applied
to agricultural potato fields, including insecticides, fungicides, and herbicides, several of which have the potential
to drive insecticide resistance, as demonstrated in previous studies. We are underway with investigations to learn
if specific fungicides, which contain heavy metals such as zinc (Zn), copper (Cu), and iron (Fe) and are commonly
applied to potato fields in Midwestern and eastern potato production areas, may be driving insecticide resistance.
Objective 1. We have observed the selection pressure of Copper (II) hydroxide and Mancozeb (a dithiocarbamate
non-systemic Zinc containing fungicide).
Objective 2. Transcriptomic analysis examined the genetic response of insects exposed to imidacloprid, boscalid,
and chlorothalonil.
Objective 3. Field validation of our findings from among populations of insects collected throughout the United
States. From listed collaborators we have received populations of insects from Oregon (1 population) and Maine (2
populations) in 2018.

Research Approach:

Median lethal dose estimates (LD50) were obtained from feeding bioassays using a range of serial doses of
formulated, metal-containing compounds solubilized in water. Replicate sets of 1 µl aliquots of compounds were
applied to leaf disks, and insects were given the opportunity to consume the treated material over a 24-hour
period after which time the percent mortality was recorded.
Adult beetles from five populations, including Maine (Aroostook-1), Maine (Aroostook-2), Wisconsin (Dane),
Wisconsin (Hancock), and Oregon (Umatilla), had total RNA extracted and a total of 100ng of insect cDNA for each
biological replication (N=6) was submitted to Floodlight Genomics LLC (Knoxville, TN) for targeted RNA sequencing.
Transcript expression of target genes were validated by qPCR using an aliquot of the cDNA submitted to
Floodlight Genomics. Mean Ct values were collected for each biological replicate and fold change estimates
between the insecticide susceptible and putative resistant, or unknown populations were calculated.

Results:

Second instar larvae were exposed to field relevant rates of heavy metal containing compounds and we
observed reductions in larval weight gain and increased mortality. Preliminary data suggests that field relative
rates of Copper (II) hydroxide and Mancozeb have a large selection pressure on insect survival, while exposure to
elemental Iron had no effect on weight gain or survivorship.
RNA sequence analysis demonstrated that insects overexpress a similar set of known pesticide detoxification
mechanisms in response to both imidacloprid (insecticide) and chlorothalonil (fungicide), suggesting that the
exposure of fungicides can activate enzymes that could also detoxify insecticides. Using this information, we have
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determined 5 known insecticide detoxification mechanisms to examine in response to metal containing pesticides.
They include two cytochrome P450’s, a UDP-glucoronsyltransferase, an acetylcholine receptor, and a heat shock
protein.
Field level transcript expression of previously classified genes correlated to insecticide resistance were
differentially expressed in different geographic regions in the current study. The commercial Wisconsin (Hancock)
population of L. decemlineata over-expressed several transcripts that encode for possible xenobiotic detoxification
mechanisms. Specifically, the Wisconsin (Hancock) population over-expressed (greater than a log fold change) all
but 4 of the 386 transcripts examined when compared to the lab susceptible population. The Wisconsin population
did not over-express glutathione synthetase-like, multidrug resistance-associated protein 4-like, heat shock protein
68-like, and venom carboxylesterase-6-like when compared to the lab susceptible population. A standardized
cluster analysis grouped geographic transcript expression of Maine (Aroostock-1) and Maine (Aroostock-2)
together with a closely related side branch of Wisconsin (Hancock). It further grouped the Wisconsin (Dane) and
Oregon (Umatilla) populations together.

Publications:

Clements, J.R., Lamour, K., Frost, K., Dywer, J., Huseth, A., Jansky, S. and Groves, R.L. 2020. Targeted RNA
sequencing within Leptinotarsa decemlineata populations reveal patterns of transcript expression correlated
with insecticide resistance in discrete geographic locations. PLoS ONE, (accepted with revisions, May 26, 2020.)
Clements, J.R., Schoville, S., Clements, A., Amezian, D., Davis, T., Sanchez-Sedillo, B., Bradfield, B., Huseth, A.S. and
Groves, R.L. 2018. Agricultural fungicides inadvertently influence the fitness of Colorado potato beetles,
Leptinotarsa decemlineata, and their susceptibility to insecticides. Scientific Reports 8:13282
(http://dx.doi.org/10.1038/s41598-018-31663-4).
Clements, J.R., Sanchez-Sedillo, B., Bradfield, B. and Groves, R.L. 2018. Transcriptomic analysis reveals similarities
in genetic activation of detoxification mechanisms resulting from imidacloprid and chlorothalonil exposure. PLoS
ONE 13(10): e0205881 (https://doi.org/10.1371/journal.pone.0205881).

Presentations:

Sanchez-Sedillo, B., Clements, J.R., Olson, J., Bradford, B.Z., Crubaugh, L. and Groves, R.L. 2019. Entomological
Society of America, North Central Branch Meeting. Lipid composition of Leptinotarsa decemlineata and its
relationship to insecticide resistance. University of Wisconsin, Madison, WI. Poster presentation, March 19,
Hyatt Regency, Cincinnati, OH.
(https://www.entsoc.org/sites/default/files/files/2019_North_Central_Branch_Program_Book.pdf).
Clements, J.R., Sanchez-Sedillo, B., Bradford, B.Z., Crubaugh, L., Olson, J. and Groves, R.L. 2019. Entomological
Society of America, North Central Branch Meeting. Leptinotarsa decemlineata temporal patterns of delayed
emergence results in increased insecticide resistance to agriculturally relevant insecticides. University of
Wisconsin, Madison, WI. Symposia presentation, March 19, Hyatt Regency, Cincinnati, OH.
(https://www.entsoc.org/sites/default/files/files/2019_North_Central_Branch_Program_Book.pdf).
Clements, J.R. and Groves, R.L. 2019. Fungicides as inadvertent drivers of insecticide resistance. In Proceedings of
the 2019 University of Wisconsin - Wisconsin Potato and Vegetable Growers, Grower Education Conference,
UW- Madison College of Agriculture and Life Sciences, Research Division and UWEX, Feb. 5-7, Steven’s Point, WI,
32:1-4 pp. (http://wpvga.conferencespot.org/68525-wpvga-1.4381005/j-clements-1.4381017).
Clements, J.C. and Groves, R.L. 2019. Fungicides as Inadvertent Drivers of Insecticide Resistance. In Proceedings of
the 2019 Wisconsin Agribusiness Classic, Conference Abstracts, January 15-17th, Alliant Energy Center, Madison,
WI, pp. 57-60, (https://www.agclassic.org/proceedings/2019proceedings.pdf).

28

FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Insecticide resistance influences the emergence phenology of the Colorado
potato beetle – implications for management (Year 2 submission)
ARS Principal Investigator: Paul Bethke (replacing Shelley H. Jansky, following retirement) USDA-ARS,
Vegetable Crops Research Unit, 1575 Linden Drive, Madison, WI 53706, paul.behke@usda.gov
Cooperator(s): Russell L. Groves, Professor and Department Chair, Department of Entomology,
University of Wisconsin, 1630 Linden Drive, Madison, WI 53706. rgroves@wisc.edu
Research Objectives:
Objective 1- Compare the emergence phenology of select Colorado potato beetle populations
representing field sites previously documented as neonicotinoid-resistant or susceptible.
Objective 2- (A) Characterize and compare the unique fatty acid profiles of select Colorado potato beetle
populations representing field sites previously documented as neonicotinoid-resistant or susceptible. (B)
Identify potential fatty acid targets in the detoxification pathway(s) that encode for heightened
resistance for RNA interference (RNAi).
Objective 3- Compare the fatty acid composition of multiple cultivars of Solanum tuberosum for
differential dietary sources of fatty acid compositions that could influence insect fitness or resistance
potential.
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Appendix A. Progress Report and Supporting Information from Year 1.
Documentation of delayed diapause in insecticide resistant insects - Behavioral
resistance is one of least understood mechanisms of insecticide resistance. However,
our laboratory and previously generated preliminary data to suggest that insects have
developed behavioral adaptation of avoidance of insecticide treated foliage (Huseth et
al. 2013). This has now been documented to be avoidance in time, or delayed
emergence. Wisconsin potato producers have also confirmed these patterns of
delayed emergence from diapause and we propose that insects are emerging later to
avoid early, high doses of systemic insecticides. Figure 1A: illustrates the emergence
phenology of two populations of Colorado potato beetles from two fields, an organic
field (insecticide susceptible) and a commercial field that uses systemic insecticides
(insecticide resistance). From these two populations, there were clear trends in
differential emergence phenology, with insecticide resistant insects emerging later in
the spring, and illustrating delayed emergence. With the same data, we have
computed the percent emergence for both two populations and have demonstrated
the total time it takes each population to emerge from diapause (50% emergence).
These investigations suggest that midpoint of emergence is 10-14 days later in the
Figure 1: A) Emergence of CPB per acre
resistant population Figure 1B.
B) Percent emergence of CPB
Supporting Publication produced from this research.
Clements, J., Olson, J.M., Sanchez-Sedillo, B., Bradford, B. and Groves, R.L. 2019. Changes in emergence phenology,
fatty acid composition, and xenobiotic-metabolizing enzyme expression is associated with increased insecticide resistance
in the Colorado potato beetle. Arch. Insect Biochem. Physiol., (https://doi.org/10.1002/arch.21630).
Determination of lipid composition in insects – Lipids are macro-molecules essential
for many roles in the insects including, membrane composition, energy storage,
biological signaling pathways, and the incorporation and synthesis of detoxification
pathways. Lipid composition can vary significantly among insects, and while there have
been preliminary investigations of specific lipid compositions and ratios of lipids within the
Colorado potato beetle, this research has been limited. Over the past two years, we have
examined the effects of diets on insect lipid composition (Clements et al. 2019). The
research has resulted in the classification of the overall fatty acid composition of the
Colorado potato beetle (Table 1) and represents the first, comprehensive understanding of
specific lipids and metabolic pathways that are responsible for the synthesis of insecticide
detoxification pathways.
Supporting Publications.
Clements, J., Groves, R.L., Cava, J., Barry, C.C., Chapman, S., and Olson, J.M. 2019.
Conjugated linoleic acid as a novel insecticide targeting the agricultural pest Leptinotarsa
decemlineata. PLoS ONE 14: (https://doi.org/10.1371/journal.pone.0220830).

Table 1: Fatty acid composition of
Colorado potato beetles
Fatty acid

Potato foliage
Untreated

Fatty acids
Control

16:0
17:0
18:0
19:0
20:0
∑SFA

% of total FAs
13.4 (0.14)
0.09 (0.02)
1.45 (0.07)
0.08 (0.01)
0.50 (0.03)
16.3 (0.33)

% of total FAs
6.14 (0.43)
0.43 (0.05)
14.4 (0.42)
0.49 (0.03)
1.87 (0.06)
23.6 (1.57)

18:1 c9
18:1 c11
20:1 c11
∑MUFA

1.42 (0.04)
11.0 (0.29)
0.07 (0.01)
12.7 (0.30)

24.8 (0.35)
2.64 (0.09)
0.38 (0.14)
27.8 (0.33)

18:2 n-6
18:3 n-3
18:2 c9t11-CLA
18:2 t10c12-CLA
20:2 n-6
20:3 n-3
20:4 n-6
∑PUFA

17.3 (0.17)
46.7 (0.82)
0.17 (0.02)
ND
ND
0.09 (0.01)
0.05 (0.01)
64.6 (0.63)

20.9 (1.19)
14.9 (0.50)
ND
ND
2.28 (0.31)
0.84 (0.20)
0.66 (0.03)
39.7 (0.76)

Unknowns

6.4 (0.11)

9.1 (1.08)

Documentation of lipid variation within potato cultivars – Importantly, insects acquire
Total n-3
46.8 (0.82)
15.7 (0.69)
Total n-6
17.7 (0.17)
23.9 (1.11)
most of their essential lipids through dietary consumption of plant foliage, suggesting that
n-6:n-3 ratio
0.4 (0.01)
1.5 (0.13)
D -index
NA
0.55 (0.01)
the lipid composition of potato will play a large role in insect metabolic processes, including
metabolic processes related to insecticide resistance. Preliminary data generated from this
grant project (currently unpublished data), suggests that lipid compositions vary among different potato cultivars (Table 2).
And further, we have learned that the lipid compositions vary over time during the production season, and specially with
changes in both poly- and monounsaturated fatty acid compositions. Extrapolating from this data, we propose to continue
these investigations with a 2nd year of funding to (1) compare fatty acid compositions among selected cultivars of potatoes,
(2) the resulting fatty acids present in the feeding larval stages, and (3) the potential influence of selected fatty acid
compositions on the predisposition of insecticide resistance (metabolic resistance) potential in the Colorado potato beetle.
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Table 2: Fatty acid composition of potato foliage between two, disparate Solanum tuberosum cultivars, cvs. Austrian
Crescent’ and ‘Snowden’.
Fatty Acids
Austrian Cresent
Snowden
Percent difference

16:0
17.32
22.10
1.28

16:1 c9
0.57
4.44
7.86

18:0
2.88
5.03
1.74

18:1 c9
2.67
1.78
0.67

18:1 c11
9.92
8.215
0.83

18:2 n-6
17.12
12.13
0.71

20:0
0.59
2.50
4.26

18:3 n-3
33.77
27.31
0.81

22:0
0.46
1.33
2.89

20:4 n-6
1.62
1.37
0.85

SFA
21.25
30.95
1.46

MUFA
13.15
14.44
1.10

PUFA
52.5
40.71
0.78

Unknown
13.10
13.97
1.07

Total area
820.5
845
1.03
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Annual Project Report: ARS-State Partnership Potato Funding
Title:
Development of a CANARY Potyvirus Biosensor Assay for the Detection of Potato virus Y in Potato
ARS Principal Investigator:
Ramon Jordan, Research Plant Pathologist
Floral and Nursery Plants Research Unit, US National Arboretum [Ramon.Jordan@usda.gov]
Cooperator(s):
Andrew Flannery, Vice-President of Product Development
PathSensors, Inc. (PSI), 701 E Pratt St, Baltimore, MD 21202

[aflannery@pathsensors.com]

Chakradhar Mattupalli, Research Professor and Extension Specialist (Plant Pathology)
Colorado Potato Certification Service (CPCS), San Luis Valley Research Center, Colorado State University
0249 East Road 9 North, Center, CO 81125
[Chakradhar.Mattupalli@colostate.edu]
Alan Westra, Southeast Area Manager
Seed Certification Laboratory (ICIA-SCL), Idaho Crop Improvement Association
1680 Foote Drive, Idaho Falls, ID 83402
[awestra@idahocrop.com]
Summary of accomplishment:
A hybridoma-derived CANARY (POTY) biosensor, created at MIT-LL from an ARS developed potyvirusspecific hybridoma, and initially tested in the APHIS-CPHST Beltsville Lab, was evaluated collaboratively
in the PathSensors and USDA-ARS labs, for assay feasibility, bead capture efficacy, specificity and
sensitivity of the reaction to detect target potyviruses. The optimized extraction and bead-binding POTY
biosensor protocol can detect diverse purified potyviruses down to less than 5 ng/ml and can detect
potyviruses in naturally-infected sources, including various isolates of potato virus Y in potato leaves.
One of the overall priorities in the nation-wide potato certification services and related programs relates
to the use of field-level monitoring, detection and identification tools and protocols for selected plant
pathogens, including potato viruses. The various state potato certification services and organizations
certify all seed potato production in their respective states through visual inspections and lab testing of
potato seed lots intended for use as certified seed. Growers and certifiers have expressed interest in a
test which could be used on dormant tubers (an option that is not currently available) with little
technical training, thereby lowering the time-to-results and the need to send tubers to Hawaii for growout and the need to retain trained staff throughout the year. Further evaluation and development of
this POTY CANARY assay could lead to such a diagnostic test.
Research Approach:
The overall research objective is the development of a CANARY potyvirus biosensor assay for the
detection of potato virus Y (PVY) in potato; initially for assaying leaf samples and eventually for the
detection of PVY in potato tuber tissue. The Research Approach was intended to be done in three
successive phases. Phase 1: Develop a CANARY-based assay using the potyvirus biosensor at USDA-ARS,
in collaboration with PathSensors; develop a ready-to-use assay kit. Phase 2: Validate a potato leaf
assay at three lab locations [PathSensors (PSI), Colorado Potato Certification Service (CPCS), and Idaho
Seed Certification Laboratory (ICIA-SCL)]. PathSensors would initially verify the protocol on leaf samples
sent from CPCS and ICIA-SCL, respectively, of field grown potatoes. PSI would then bring the potyvirus
biosensors, set-up the biosensor equipment, and train users at both CPCS and ICIA-SCL. This assay
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validation and on-site training phase would assay a total of at least 480 samples (both state labs will test
40-50 leaf samples from 4-5 cultivars each). Phase 3: Test the assay on healthy and infected tuber tissue
identified from the Phase 1 field surveys and assays which would then will be the source of tuber tissue
material to be sent to ARS for potyvirus biosensor assays on tuber extracts. Results will be compared to
standard ELISA and RT-PCR assays with the results from the grow-out samples.
Results:
Phase 1: Assay development at USDA-ARS in collaboration with PathSensors. The MIT-LL Potyvirus
(POTY) biosensor cell line (expressing the ARS-developed broad-spectrum reacting potyvirus monoclonal
antibody PTY-1), licensed to PathSensors, Inc. (PSI), was provided to ARS scientists. The latest model
CANARY luminescence reaction reader (Zephyr) was also delivered for use in our lab to test the PTY-1
biosensor cell line. ARS scientists evaluated and verified the performance of the POTY biosensor using
their collection of potyviruses. The previous standard ‘virus’ extraction buffers and CANARY protocols
were tested and modified as needed. These assays were tested using leaf tissue from various and
diverse potyvirus-infected sources; including PVY isolates (and another potyvirus, potato virus A; PVA) in
potato leaves obtained from fellow ARS Scientist Stewart Gray, Cornell, Univ). These evaluations
included testing and improving the extraction and antigen-antibody binding protocols, including use of
unique buffers and various capture beads to "present" the POTY epitope to 'bridge' cell surfaceexpressed adjacent antibodies needed to initiate the biosensor cell signaling cascade. We were
successful in developing an extraction and bead-binding protocol that could sensitively detect all 5 of 5
tested PVY isolates (and PVA). This figure (right)
illustrates an example testing two extract dilutions
(1:400 and 1:800) from healthy and virus-infected
potato leaves (1 PVA and 4 PVY isolates) using an
optimized extraction and polystyrene bead-binding
protocol. The POTY biosensor assay can detect
virus in both fresh and frozen tissue. The standard
PVY ELISA assay buffer (‘BLOTTO’) used in the
potato seed testing labs does not work well in
these CANARY assays.
Phase 2: In preparation of performing leaf
assay validation at three lab locations (PSI, CPCS,
and ICIA-SCL), 10-20 leaf samples from field grown
potato plants of each of 4-5 cultivars were sent from CPCS and ICIA-SCL, to ARS for initial in-house tests.
These plants had been flagged based on symptoms and leaf samples tested by RT-PCR for PVY infection.
Unfortunately, the COVID-19 pandemic and subsequent loss of more than four months (and counting) of
lab work and potential travel significantly delayed the continuation of this phase. The ARS agreements
with the three collaborators have been extended through July 2021.
Phase 3: Tuber assay tests. (ARS, CPCS and ICIA-SCL). Because of the pandemic delays, core samples
from healthy and PVY-infected tubers (20-40 each from CPCS and ICIA-SCL) identified from the Phase 1
field surveys were tested by collaborators and frozen and will be the source of tuber tissue extract
material to be sent to ARS for potyvirus biosensor assays in FY21.
Presentation and Publication:
Jordan RL, Hammond J, Rana R, Flannery AR, Cai W, Liu Z, Nakhla MK, Keumeni F, Gray S, Nargi F. Initial
Evaluation of a CANARY Biosensor-based Assay for Detection of Potyviruses. Poster (#467-P2) presented
at American Phytopathological Society 2019 Annual Meeting, Cleveland, OH. (Abstract) Phytopathology
109 (10S), page S2.134. [https://doi.org/10.1094/PHYTO-109-10-S2.1]
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Development of a fast, cost-effective and efficient approach for quantification of microbial
community shift in chitin amended soil
ARS Principal Investigator:
Dr. Renfu Lu, Sugarbeet and Bean Research Unit
Cooperator(s):
Dr. Yan Liu, Michigan State University
Summary of accomplishments:
We analyzed the effects of chitin fungal biomass on the chemical and biochemical properties of treated
soil and on the diversity of soil microbial community. We also explored the feasibility of using visible and
near-infrared (VNIR) spectroscopy as a fast and low-cost alternative method for analyzing the properties
and microbial community changes of chitin treated soil. This research advanced our fundamental
understanding of microbial community shift in chitin amended soil and established a cost-effective
approach for quick quantification of soilborne pathogen populations. This provides a solid foundation and
an essential tool for the next stages of research and industrial applications, including in-depth
understanding of the effects of the chitin fertilizer on potato growth and yield in an actual field production
system, and evaluation of broader economic impacts and environmental consequences of the new
system. Ultimately, it will lead to the development of a novel approach for environmentally sound control
of pests, so as to create a win-win solution for the U.S. potato industry and the environment.
Research Approach:
Soils were collected from two farms located in Michigan. Different amounts of fungal biomass and
commercial Sigma chitin were added to the soil: control (0%), 0.2% and 2% fungus chitin and 0.2% and 2%
Sigma chitin. Samples were taken from the treated soil at every other week over a period of 122 days (July
3, 2019 – November 4, 2019) for analyses of pH, chitinase activity, total DNA in the soil, relative DNA
amount of Streptomyces scabies and soil bacterial community. The soil samples were also scanned to
acquire NIR reflectance spectra over 900-1650 nm and preliminary analysis was followed on the
development of a mathematical model for predictions of soil pH and total DNA.
Results:
1. The changes of soil pH, chitinase activity, total soil DNA, relative amount of Streptomyces scabies and
bacterial community during the incubation period
1). Change of soil pH. The soil pH of control (without addition of chitin) was stable; while the pH gradually
decreased when a small amount of chitin (0.2%) was added, and the soil pH at the end of the experiment
was 1.5 lower than at the beginning. However, the soil pH with addition of 2% chitin increased with the
highest pH at 9.0 and 7.4 for 2% fungal chitin treatment and 2% sigma chitin treatment, respectively. The
change of pH indicates that addition of chitin increase soil pH. 2). Change of soil chitinase. The highest
chitinase activity was detected in 2% fungal chitin treated soil; while there was no significant difference
of chitinase activity between control and other treatments (Fig. 1). Since chitinases could degrade the cell
walls of many pests and pathogens, therefore adding fungal chitin to soil at sufficiently high level (i.e., 2%
or more) could result in increased levels of antibacterial, anti-fungal, insecticidal, or nematicidal activities.
3). The change in total DNA and S. scabies DNA. The total DNA of control was stable. A remarkable
increase in total DNA (4.7 folds of the initial one) was observed in 2% fungal chitin treatment (Fig. 2). This
increase of total DNA in the soil resulted in the decrease of relative DNA amount of pathogen, which was
confirmed by the q-PCR data. The relative DNA of Streptomyces scabies was almost undetectable after 60
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days. 4). The overall microbial community. All chitin treated soil samples had significantly shifted on
microbial community compared with control.
These results indicate that fungal biomass as a chitin rich fertilizer can alter the soil
chemical/biochemical properties and microbial community, thus impacting the potato pathogen
population.

Figure1. Effects of adding chitin on soil chitinase activity

Figure2. Effects of adding chitin on soil total DNA

2. Calibration models to predict soil pH and total DNA using NIR spectroscopy. Initial analysis of NIR data
showed that the NIR calibration models achieved good prediction of soil pH and total DNA (Fig. 3 & Fig.
4). The coefficient of determination r2 for soil pH and total DNA was 0.84 and 0.69, respectively, which
demonstrated that VNIR is promising as a fast and efficient method for prediction of soil pH and total
soil DNA.

Figure 3. Prediction vs measurements of soil pH

Figure 4. Prediction vs measurements of soil total DNA

Publications:
1. Effects of chitin amended soil on soil pH, chitinase activity and microbiobal community shifts. (in
preparation)
2. Explore the feasibility of using visible and near-infrared (VNIR) spectroscopy as a fast and lowcost alternative method for analyzing the properties and microbial community changes of chitin
treated soil (in preparation)
Presentations:
We plan to present our research at the annual meeting of Michigan Potato Industry Commission (MPIC)
in spring 2021. We also plan to present our research at the annual meeting of American Society of
Agricultural and Biological Engineers (ASABE) in 2021.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Plant controls on soil health and recruitment of beneficial bacteria for nematode control
ARS Principal Investigator: Daniel Manter
Cooperator(s): Jorge Vivanco, Colorado State University
Summary of accomplishments:
High populations of Bacillus spp. bacteria have previously been correlated with lower populations of
Meloidogyne spp. plant parasitic nematodes (PPN) in the potato fields of the San Luis Valley, CO. It has
also been previously shown that cover crops such as Sordan 79 can reduce Meloidogyne spp. in potato
fields. This study was designed to determine if cover crop species applied as green manure (biofumigation) to soils can increase Bacillus spp. and reduce Meloidogyne spp. populations in soil. In
addition, we tested several new cover crops for their ability to reduce Meloidogyne spp. This work will
not only identify additional cover crop species, beyond Sordan 79, that suppress Meloidogyne spp. but
also help verify if the nematode control of cover crops is associated with the presence of Bacillus spp.
Research Approach:
Soil Collection: Soils were collected from Agro-Engineering potato field exhibiting a high Columbian root
knot nematode (CRKN) (Meloidogyne spp.) hot spot in Alamosa, CO marked with GPS. Soils were
collected with a clean shovel on October 12th, 2018 and were stored in Coleman coolers. Coolers were
transported to the lab and stored at 4C until the experiment.
Crop Plant Types: Cover crops seeds were sourced from Rio Grande Seed & Grain. The cover crops
tested in this study are as follows: Sordan 79 (Storcide-treated seed), Sordan 79 (untreated seed),
Doublet radish, and Buckwheat. The potato tuber controls were Norkotah 8.
Bacillus Cell Count Analysis: Quantification of soilborne Bacillus spp. cells were conducted during preplanting, during the middle of the experiment (plant chopping and incorporation into soils), and at
harvest (after 30 days of bio-fumigation). To quantify Bacillus spp. cells; 1 gram of soil was mixed with 10
mL of sterilized water in a 15 mL Falcon tube. Tubes were vortexed to homogenize soil and water to
make a soil slurry. Slurries were aliquoted into 2 mL snap-cap tubes, and tubes were incubated in an 80C
hot water bath for 10 minutes, as only Bacillus spp. thermotolerant endospores are able to withstand
this condition (Munna et al., 2015; Warth, 1978). Aliquots were then serial diluted the to a
concentration of [10-4]. 100 uL of the diluted samples were plated onto Lauria Bertani agar and
incubated overnight at 37 C.
Nematode Quantification Analysis: Soils were sent in triplicate to Western Laboratories INC (Parma, ID)
to quantify PPN in the collected soils on 10.12.2018 (prior to the experimental period). After thirty days
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of growing cover crops and potato, plants were chopped and incorporated into the soils and allowed to
incubate for 30 days – keeping soils moist for microbial activity. On the last day, soils were collected at
three reps per treatment, and sent to Western Laboratories INC (Parma, ID) for herbivorous nematode
quantification services.
Experimental Duration: Cover crop species were sown at same rate to field sowing-rate but converted to
a rate applicable for seeding into in 1-gallon pots (4 kg soil per pot). Plants were grown in pots
containing a nematode-infested soil for 30 days and the experiment was conducted in CSU’s horticulture
center greenhouse. On the 30th day of growth, soil core samples were collected in order to quantify
Bacillus spp. cells. After soil collection; above and below ground plant-parts were chopped into 1-2 cm
parts. Soils growing plants from each treatment were dumped into the tote and plant materials and soils
were homogenized. Soil/plant mixtures (i.e., bio-fumigation) were then aliquoted back into the same
pots that grew the cover crop plants. Soil/plant mixtures in pots were kept moist for 30 days during the
bio-fumigation period. On day 60, soils were sampled to (i) quantify Bacillus spp. cells and (ii) sent to
Western Labs to quantify PPN populations.
Results:
After growing plants in the nematode infested soil for 30 days, all cover crop species tested contained
significantly lower Bacillus spp. populations in their soil as compared to the potato control (Figure 1).

However, after the 30-day green manure period the cover crop treatments showed a significant increase
in the presence of Bacillus spp. (Figure 2).
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At the end of the 30-day biofumigation period all plant parasitic nematodes were below detection levels
for all of the treatments. This result was unexpected and is potentially a greenhouse artifact due to an
unknown factor. As a result, two additional studies are currently being considered as a follow-up. 1)
Grow potato in the treated soils to determine in the PPN populations remain suppressed. 2) Field trials
in known nematode infested soils. The high Bacillus spp. following all four green manure treatments
does suggest that green manure is a promising method to promote Bacillus spp. in soils and will
continue to be explored.
Publications:
None
Presentations:
None
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Developing potato common scab management strategies based on Streptomyces spp. diversity
from suppressive and non-suppressive sites
ARS Principal Investigator: Dimitre Mollov
Cooperator(s): Ray Hammerschmidt, Michigan State University
Noah Rosenzweig, Michigan State University
Linda Kinkel, University of Minnesota
Kenneth Frost, Oregon State University
Summary of accomplishments:
A collection of pathogenic and non-pathogenic Streptomyces spp. isolates from potato common scab
(PCS) infected tubers, suppressive and conducive soil from field sites in Michigan, Minnesota Idaho,
Missouri, Nebraska, Oregon, and Washington as well as Edmonton, Canada was established. Putative
pathogenic and non-pathogenic Streptomyces spp. isolates were phenotypically characterized based on
morphology. A small subset of pathogenic and non-pathogenic Streptomyces spp. isolates was used in a
pilot study to compare their associated viriome using high-throughput sequencing (HTS). Tare soil was
removed from harvested tubers for subsequent genomic DNA extractions to be used for determining
the diversity of total bacterial and Streptomyces spp. communities associated with PCS suppressive and
non-suppressive soil using the Illumina MiSeq HTS platform.

Research Approach:
For pathogenic Streptomyces spp. from Michigan a small piece of symptomatic plant tissue was surface
sterilized in 1% NaOCl for 1 min. After rinsing with ddH20 the tissue was placed in micro-centrifuge tube
with ddH20 in a water bath at 60°C for 30 min. Similarly tare soil was removed from tubers collected
from field sites and placed in a micro-centrifuge tube with phosphate-buffer saline in a water bath at
60°C for 30 min. Individual bacterial suspensions were spread onto water agar media. After incubation
individual Streptomyces spp. colonies were picked with a sterile inoculation loop and transferred to
obtain pure culture on water-agar and subsequently transferred to oat-bran agar for morphological
characterization. Tare soil from harvested tubers was used for DNA extraction using the Qiagen Power
Soil Pro DNA extraction kit. In the PNW collections were only from pathogenic sites and processed as
follows: Streptomyces spp. were isolated from soils by placing 0.2 g of each soil into a sterile 1.5 mL
microcentrifuge tube with 500 µL of sterile 1xPBS buffer. Microfuge tubes were vortexed for 1 min then
heated to 80°C for 30 minutes, cooled to room temperature and diluted (10-3) with sterile water. One
hundred µL of each diluted sample was cultured on water agar amended with cycloheximide. Culture
plates were incubated at 28°C and individual Streptomyces colonies were transferred to a new culture
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plate after for 7 to 12 days. Putative Streptomyces spp. isolates were variable in their appearance.
Duplicates of each of the isolates were created and one set of cultures were shipped to Chris Clark in
Beltsville, MD for inclusion in the USDA ARS National Streptomyces culture collection.
For objective 5 in OR: In 2019, seed lots (N=67) from commercial plantings in the south Columbia Basin
of OR were sampled and tare soils were collected directly from seed potatoes of each seed lot
submission. Seed lots originated from seven western states with multiple cultivars and farming
operations represented in the sample. Tare soils were used for DNA extraction, using the Qiagen DNeasy
PowerSoil Kit, following manufacturer’s instructions. Extracted DNA will be used as template for
polymerase chain reactions (PCR) to prepare amplicon libraries of the V1-V3 region of the 16S rRNA
gene using the previously described primer pair StrepE and ACT283F.
Evaluation of growth on 95 different nutrients among the collection of >70 pathogenic Streptomyces
scabies isolates was performed.
Inhibitory interactions were determined among pairwise combinations of pathogens.
Thaxtomin production among 70+ isolates to evaluate variation in pathogen aggressiveness was
performed.
Resistance to antibiotics was assessed among more than 70 pathogenic S. scabies isolates.
Results:
Putative Streptomyces spp. isolates were variable in their appearance (Figures 1A and 1B). Substrate
mycelium of putative Streptomyces spp. isolates recovered from scab lesions were mostly whitish grey
with a buffed appearance (Figure 1A). Isolate colonies of putative Streptomyces spp. recovered from
tare soil had dark grey to white aerial mycelium (Figure 1B). Some isolates were also buff with diffusible
pigments (Figure 1B). Aerial and substrate mycelium and of isolates recovered from tare soil from were
white, dark grey to grey with pigmentation of pink or red color (Figure 1B). Additionally, some isolates
recovered from tare soil had red diffusible pigment (Figure 1B).
Carbon source growth: Isolates were able to grown on 40 to more than 80 carbon substrates (average
niche width 54). Pathogens from different locations did not vary significantly in their nutrient use
preferences, but niche widths among pathogens were in general smaller than among saprophytic
Streptomyces isolates.
About 20% of pathogen-pathogen interactions resulted in inhibition of one or both isolates, suggesting
that antagonistic competition between isolates may play a significant role in mediating disease
outcomes. Pathogens from fumigated soil were less likely to be inhibitory towards other pathogens
than isolates from non-fumigated soil, suggesting that the role of inhibitory interactions in structuring
pathogen populations can vary with management history.
Variation of pathogen aggressiveness was observed in antagonistic assays. Pathogen isolates from
chloropicrin-fumigated soil produced on average more thaxtomin than isolates from either nonfumigated or Vapam-fumigated soils. Variation in pathogen aggressiveness in response to management
may contribute to differences in disease intensities among fields.
Pathogen isolates from chlorpicrin-treated soil were significantly more sensitive to antibiotics than
pathogen isolates from either non-fumigated or Vapam-fumigated soils.
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Appendix 1

A

B

Figure 1. Putative Streptomyces spp. isolates recovered from A: scab lesions, top row isolates growing
on oat bran agar, bottom row isolates growning on water agar; putative Streptomyces spp. isolates
recovered from B; tare soil growing on oat bran agar: B.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Improved Biocontrol Agent Production and Delivery Technologies Compatible with Biorefining and
Chemical Technologies for Controlling Diseases of Potatoes in Storage
ARS Principal Investigator: Dr. Patricia J. Slininger, Lead Scientist, Research Chemical Engineer,
Bioenergy Research Unit, NCAUR, USDA-ARS 1815 N University Street, Peoria, IL
Cooperator(s): Dr. Nora Olsen, Professor and Extension Potato Specialist, University of Idaho, 3806 N
3600 E, Kimberly R & E Center, Kimberly, ID; Dr. Jeff Miller, Plant Pathologist, President and CEO, Miller
Research, 426 East 200 North, Rupert, ID ; Dr. Bruce S. Dien, Lead Scientist, Research Chemical Engineer,
Bioenergy Research Unit, NCAUR; USDA-ARS 1815 N University Street, Peoria, IL
Summary of accomplishments: Fusarium dry rot is a disease without effective control options since
80% of Fusarium sambucinum are now resistant to the thiabendazole once used. A dilute rehydration
medium and conditions were developed to allow overnight reactivation of BCA viable cell growth activity
and to potentially boost original population numbers (by ~ double). The rehydration procedure was
compatible with promising new chemical fungicides (StadiumTM and Graduate A+TM ) and was effective
with the reactivation of dried BCA formulations grown on either synthetic medium, as used for
cultivation in previous years, or on a potentially lower cost medium with sugars from hydrolyzed
switchgrass, a herbaceous lignocellulosic feedstock being developed by ARS (Lincoln NE) for biorefining.
BCA treatments assessed in laboratory (NCAUR, USDA-ARS, Peoria IL) and small pilot trials (UIKREC,
Kimberly ID) achieved significant disease reduction on the promising Clearwater Russet model potato
system. Significant disease reduction compared to the disease only control was obtained with the BCA
grown on either synthetic SDCL medium or lower cost switchgrass hydrolysate: disease reductions up
to 81% in USDA NCAUR lab bioassays and up to 67% in UIKREC small pilot tests. When used alone, the
fungicides in this study were more effective than BCAs at reducing dry rot decay: up to 83 and 92%
reduction with StadiumTM and Graduate A+TM , respectively (UIKREC small pilot tests). While mixtures of
the BCA with fungicide were compatible with respect to retaining BCA active viable cells, they did not
add significant benefit to dry rot suppression under conditions of our studies, except potentially in low
volume, reduced fungicide applications. These results support use of triculture BCA alone or in
combination with chemicals, which is of practical significance in broadening the number of modes of
action available to growers to accomplish effective disease suppression and to reduce opportunity for
resistance buildup by pathogens. The data also support this BCA as a potential higher value coproduct
that could contribute to the economy of biorefinery operation and rural agriculture.
Research Approach:
Obj 1. Three desiccation tolerant strains of Pseudomonas were produced in triculture on synthetic
medium, dried with fructose as osmoprotectant on Kenite, and applied as a biological control agent
(BCA) to suppress potato dry rot disease. A rehydration medium to activate cells that was compatible
with treatment of a potato harvest was sought by drying droplets of BCA cells in wells of microplates,
storing the dried plates, then reconstituting dried cells in various rehydrating media, and tracking
growth recovery with an automated plate incubator/reader. Viable cells and sugar use were sampled
during rehydration in presence/absence of fungicides to test compatibility and optimize efficacy.
Obj 2. Environmental, nutrient, and initial inocula conditions of the three desiccation-tolerant
Pseudomonas strains were optimized to produce tricultures of strains in high yield with similar
concentrations of all three strain populations (enumerated by selective plating) on low cost switchgrass
hydrolyzate medium (SGH). Hydrolyzate sugars were representative of a biorefinery feedstock,
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prepared in our laboratory from switchgrass (harvested by ARS Lincoln, NE). SGH-produced cell
tricultures were assayed for cell viability during drying, storage and rehydration (as in Obj 1).
Obj 3: Guided by Obj 1 and 2 results, the following experimental variables were tested in Kimberly at
small pilot scale (80 tubers/treatment) and replicated in Peoria at lab scale (10 tubers/treatment). In
each bioassay, the general process was to spray suspensions of pathogen Fusarium sambucinum conidia
to potatoes, wound, then spray treatments. The following variables were tested: BCA rehydration
method (in water with immediate application or in dilute nutrient Medium 1 applied after 16-17 h
reactivation), BCA (present or not), BCA growth medium type (synthetic SDCL or SGH); triculture
chemical fungicide additive (Graduate A+, Stadium, reduced Stadium at 1/3 label rate, or none) and
treatment spray volume (0.1 or 0.05 mL/tuber oz, the latter accepted industry practice).
Results:
Obj 1: Rehydration nutrients were found to support viable cell recovery of active growth within 16 h of
reconstitution after 4-32 d dry storage, even when chemical fungicides (Stadium and Graduate A+) were
included (Appendix Fig. 1 and 2). Lab bioassays were additionally conducted and confirmed that BCA
rehydrated in this manner retained bioefficacy against dry rot. Obj 2: The most rapid and highest
yielding cell productions of desiccation tolerant Pseudomonas co-cultures on switchgrass hydrolyzate
were observed when hydrolyzate concentration was set to supply 10-20 g/L sugars (C:N of 23.5:1)and
was sufficiently buffered near pH 7 (2 g/l potassium phosphate) to compensate for acetic acid
consumption. The strain ratio in the tri-culture inoculum for balanced production of all three strains
was consistent with that found for optimal 28-h triculture production on our synthetic culture medium,
suggesting key ingredients were supplied by both media types (Appendix Fig. 3). Obj 3: Compared to
the disease only control (Trt#6), significant reduction of disease severity (67-81% NCAUR lab; 54-67%
UIKREC pilot) and incidence (>2% severity) was observed for BCA alone grown on either synthetic SDCL
or switchgrass hydrolyzate (SGH), respectively (Appendix Tables 1, 2 Trts#2,10). The BCA produced on
SGH medium was significantly more efficacious than when produced on SDCL medium in NCAUR
bioassays (Table 1, Trts#2,10), but a similar trend was not significant in UIKREC pilot results (Tables 2
Trt#2,10). There were no significant differences between the water and Medium 1 rehydration method
on the control of Fusarium dry rot (Table 1,2) at the higher application volume. The fungicides alone and
in combination with the BCA reduced the incidence (>2%) and severity of dry rot. There was no apparent
benefit to mixing the BCA and fungicides together, except possibly at the lower application volumes
(Table 1,2, Trts 14-21). At reduced application volumes, the efficacy of BCA alone (Trt#14) was
significantly reduced in NCAUR bioassays (Table 1) and lost in UIKREC tests (Table 2). In general, low
volume applied fungicides were not as effective against dry rot as the higher volumes except 1xStadium
when compared to the control. Use of surfactant with BCA formulations is a future consideration.
Publications:
Hollingshead AK, Olsen NL, Thornton M, Miller J, Schisler DA, and Slininger PJ. 2020 (submitted). Potato postharvest management of leak with biological antagonists and conventional fungicides. American Journal of
Potato Research.
Slininger PJ, Schisler DA, and Shea-Andersh MA. September 24, 2019 (foreign filing submitted) "Dessication
Resistant Pseudomonad Strains and Treatment of Agricultural Maladies Therewith", Patent Cooperation Treaty
(PCT) application for foreign rights (related to D.N. 0137.17, USSN 16/142,745 filed 9/24/2018).

Presentations:

Slininger PJ, Olsen NL, Miller JS, Schisler DA, Woodell LK, Hollingshead AK, Shea-Andersh MA, Schoepke AR and
Dien BS. Postharvest Control of Fusarium Dry Rot Using Biological Control and Chemical Combinations. 104th
Annual Meeting of the Potato Association of America, Missoula, Montana, July 19-23, 2020.
Slininger PJ, Olsen NL, Schoepke AR, Shea-Andersh MA, and Dien BS. Optimization of lignocellulose-based
production of biocontrol agents as biorefinery coproducts. American Institute of Chemical Engineers Annual
Meeting, San Francisco, California, November 15-20, 2020.
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Appendix of Supportive Information
Figure 1: Rehydration of dried co-culture cell droplets in a BioscreenTM plate bioassay study showing
the dependence of cell growth activation on rehydration medium.
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Appendix of Supportive Information
Figure 2: Rehydration of dry tolerant triculture in dilute nutrient Medium #1 with 2 g/L glucose after
drying and storage on Kenite 700 diatomaceous earth. All strains of the triculture (DT P12, DT T04 and
DT Y05) showed an increase in viable cell concentration throughout the rehydration period of more than
three days, regardless of whether the chemical fungicide Stadium was mixed in at the initiation of
rehydration (0 h) (left) or 16 h after the initiation of rehydration (right).
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Impact of the Timing of
Addition of 0.924 mL
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on Cell Survival During
Rehydration of Triculture in
Medium#1 after Drying on
Kenite 700 and Storage 14d
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Appendix of Supportive Information
Figure 3: Dry-tolerant triculture strain inoculation levels optimized for obtaining balanced growth of all
three strain populations in switchgrass hydrolyzate medium (SGH). Switchgrass hydrolyzate represents
a low-cost sugar source compatible with production in lignocellulosic biomass biorefineries currently
under development. An approximately 30 h harvest time allows nearly equal development of all three
dry tolerant Pseudomonas strain populations as a percent of the observed total colony forming units
formed. The use of two selective plating media allows the assessment of each of the three strains
present in the triculture.
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Appendix of Supportive Information
Table 1: Effect of Treatment on Clearwater Russet Disease Rating in Laboratory Trial, NCAUR, Peoria
IL (Put in 2-28-20, Harvested 3-20-20). Dry rot disease level observed is given as the Disease Rating Sum
(mm dry rot lesion width and depth). The following variables were tested: BCA rehydration method (in
water with immediate application or in dilute nutrient Medium 1 applied after overnight 16-17 h
reactivation incubation), BCA “tri”-culture (present or not), BCA growth medium type (synthetic SDCL
medium or optimal switchgrass hydrolysate medium SGH); triculture chemical fungicide additive
(Graduate A+, Stadium, reduced Stadium at 1/3 label rate, or none) and treatment spray volume (0.1 or
0.05 mL/tuber oz, the latter being accepted industry practice). Means designated with different letters
are significantly different (P< 0.05). Note that all potatoes received a Fusarium conidial inoculation to
provide a dry rot disease challenge. The control Treatment 6 received only the Fusarium inoculum and
no BCA or chemical fungicide application. In lab bioassays, each treatment was sprayed to 10 potatoes.
Production
Rehydration
Trt #
BCA
Media
Method
Tri
SDCL
Water
1
2
Tri
SDCL
Medium 1
3
Tri
SDCL
Medium 1
4
Tri
SDCL
Medium 1
5
Tri
SDCL
Medium 1
6
None
None
None
7
None
None
None
8
None
None
None
9
None
None
None
10
Tri
SGH
Medium 1
Tri
SGH
Medium 1
11
12
Tri
SGH
Medium 1
13
Tri
SGH
Medium 1
14
Tri
SDCL
Medium 1
15
Tri
SDCL
Medium 1
16
Tri
SDCL
Medium 1
17
Tri
SDCL
Medium 1
18
None
None
None
19
None
None
None
20
None
None
None
21
None
None
None
NOTE: A DRS (Disease Rating Sum) of 2 = No Disease

Chemical
None
None
Graduate A+
1/3X Stadium
1X Stadium
None
Graduate A+
1/3X Stadium
1X Stadium
None
Graduate A+
1/3X Stadium
1X Stadium
None
Graduate A+
1/3X Stadium
1X Stadium
None
Graduate A+
1/3X Stadium
1X Stadium

Spray Volume
(mL/oz) of Tuber
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

Disease Rating Sum
Mean
Std Dev
15.55
b
13.426
11.5
b
10.329
3.9
a
1.714
4.55
a
2.114
4
a
1.026
30.55
d
11.473
3.611
a
0.916
3.25
a
0.851
2.944
a
0.725
7.5
a
3.171
3.9
a
1.119
3.35
a
1.182
3.65
a
0.813
13
a
14.832
3.4
a
0.883
3.2
a
1.105
3.8
a
0.768
23.65
c
13.252
3.2
a
0.951
2.8
a
0.768
2.65
a
0.933

SEM
3.002
2.31
0.383
0.473
0.229
2.565
0.216
0.19
0.171
0.709
0.25
0.264
0.182
3.317
0.197
0.247
0.172
2.963
0.213
0.172
0.209
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Appendix of Supportive Information
Table 2: Effect of Treatment on Clearwater Russet Fusarium Dry Rot Rating in Small Pilot Trial
Kimberly Idaho (Put in 2-28-20, Harvested 5-22-20). Experiment design was as described in Table 1
Laboratory Trial, NCAUR, Peoria IL. Each treatment was sprayed to 80 potatoes=4 replicate boxes of 20
potatoes. Means followed by same letter do not significantly differ (P=0.05, LSD).

Trt#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

BCA

Production Rehydration
Media
Method

Chemical

Spray
Volume
(mL/oz)
of tuber

Incidence1

Incidence
with
Severity2 severity
greater
than 2%3
11 b-e
39 c-g
11 b-e
49 bcd
2 h
16 i
6 efg
25 f-i
3 gh
32 e-i
24 a
67 a
2 h
16 i
6 d-g
40 c-f
4 fgh
24 f-i
8 c-f
34 d-h
3 gh
23 ghi
4 fgh
26 f-i
4 fgh
21 hi
16 ab
60 ab
4 fgh
31 e-i
7 d-g
33 d-h
6 efg
31 e-i
55 abc
16 abc
44 bcd
8 b-f
55 abc
13 a-d
19 hi
4 fgh

Tri
SDCL
Water
None
0.1
65 abc
Tri
SDCL
Medium 1
None
0.1
63 a-d
Tri
SDCL
Medium 1
Graduate A+
0.1
45 de
Tri
SDCL
Medium 1
1/3X Stadium
0.1
59 b-e
Tri
SDCL
Medium 1
1X Stadium
0.1
65 abc
None
None
None
None
0.1
80 a
None
None
None
Graduate A+
0.1
50 cde
None
None
None
1/3X Stadium
0.1
63 a-d
None
None
None
1X Stadium
0.1
44 e
Tri
SGH
Medium 1
None
0.1
56 b-e
Tri
SGH
Medium 1
Graduate A+
0.1
46 de
Tri
SGH
Medium 1 1/3 X Stadium
0.1
55 b-e
Tri
SGH
Medium 1
1X Stadium
0.1
50 cde
Tri
SDCL
Medium 1
None
0.05
71 ab
Tri
SDCL
Medium 1
Graduate A+
0.05
51 cde
Tri
SDCL
Medium 1
1/3X Stadium
0.05
56 b-e
Tri
SDCL
Medium 1
1X Stadium
0.05
55 b-e
None
None
None
0.05
18 None
68 abc
None
None
Graduate A+
0.05
19 None
66 abc
None
None
None
1/3
X
Stadium
0.05
20
68 abc
None
None
1X Stadium
0.05
21 None
50 cde
1
Average percent of tubers (20/replication) with dry rot symptoms
2
Average rating of the tuber infected with dry rot. All tubers were used for this assessment (healthy tubers
included).
3
Average percent of tubers with greater than 2% dry rot symptoms.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Title: Addressing prevalence of beet curly top virus in beet leafhopper and potato, and screening potato
cultivars for susceptibility to BCTV
ARS Principal Investigator: Kylie D. Swisher Grimm
Cooperator(s): Alex Karasev, University of Idaho
Summary of accomplishments:
Analysis of 247 individual and composite beet leafhoppers collected in the Northwest identified
a Beet curly top virus (BCTV) infection rate of 14.6%. A few of the individual beet leafhopper samples
tested positive for both BCTV and BLTVA. These results suggest that if BCTV can cause symptoms in
potato, it is already prevalent in the insect vector at fairly high levels, often in conjunction with the
causal agent of potato purple top disease (BLTVA). Therefore, knowing whether BCTV can cause
symptomatic expression in potato is very important.
In the past, BCTV was considered unable to infect potato, and consequently was not tested for
by potato pathologists who studied BLTVA. However, laboratory analysis in this study with infectious
clones of the three main strains of BCTV has demonstrated a full susceptibility of a single potato cultivar,
Yukon Gold, to at least two strains of BCTV common in the Northwest, BCTV-Logan and BCTV-Svr.
Results also demonstrated that BCTV induces foliar symptoms during primary infection, and severe
symptoms during seed-borne infection, resulting in a 50% yield reduction for Yukon Gold, but no tuber
quality issues. Further exploration of BCTV in different potato cultivars, and assessment of prevalence in
field-grown potato is necessary to fully understand the impact of this virus to the potato industry.
Research Approach:
Objective 1: BCTV testing of beet leafhoppers collected in the BLTVA monitoring program.
Beet leafhoppers collected throughout the Columbia Basin of Washington and Oregon found in
potato fields and on weedy, non-crop plants were subjected to polymerase chain reaction (PCR) analysis
using universal BCTV primers, BCTV2-F and BCTV2-R that target the viral coat protein (Strausbaugh et al.
2008). All positive beet leafhoppers were the subjected to strain differentiating primers developed to
quickly identify BCTV strains for PCR analysis (Rondon et al. 2016). In addition to this, PCR amplicons
generated from 20 of the positive beet leafhoppers by the universal BCTV primer pair were subjected to
DNA sequencing analysis to verify PCR strain differentiation results.
Objective 2: Understanding the pathogenicity cycle of BCTV in the potato cultivar, Yukon Gold.
The potato cultivar known to be susceptible to BCTV (Yukon Gold) was grown from virus-free
plantlets received from the Potato Tissue Culture collection in Moscow, ID, and inoculated, 3-5 plants
per cultivar per strain, with infectious clones of BCTV (at least three different strains) using the
agroinoculation technique. This technique was performed with a syringe injecting bacterial suspension
carrying the desired construct into the stem close to the growing point of the young plants. Systemic
infection was monitored between 2 to 8 weeks post-inoculation through visual observations, ELISA
(Durrin et al. 2010), and PCR (Rondon et al. 2016) tests to confirm the infection. Control
agroinoculations of the BCTV strains into a susceptible host, Nicotiana benthamiana, were used in each
experiment. All infected plants were maintained until vine-kill and tubers were harvested and scored for
the external and internal defects, focusing on the possible tuber damage. Harvested tubers were stored
at room temperature in the dark, until sprouting, and were then planted in 1-gallon pots in the
greenhouse. The secondary infection was followed and monitored similar to the primary infection, until
the final tuber harvest and evaluation at the end of the experiment.
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Objective 3: Screening potato cultivars for susceptibility to BCTV.
Virus-free plantlets of Ranger Russet were received from the Potato Tissue Culture collection in
Moscow, ID, and inoculated, 3-5 plants per cultivar per strain, with infectious clones of BCTV (at least
three different strains). The agroinoculation was performed as above. Systemic infection will be
monitored between 2 to 8 weeks post-inoculation through visual observations, ELISA (Durrin et al.
2010), and PCR (Rondon et al. 2016) tests to confirm the infection. Control agroinoculations of the BCTV
strains into a susceptible host, Nicotiana benthamiana, are being used in each experiment.
Results:
Objective 1: A total of 247 individual and composite BLH samples collected from the field in the
Columbia Basin of Washington in 2019 and tested for BCTV by conventional PCR. BCTV infection rate in
these samples was 14.6%, with some samples testing positive for both BCTV and the BLTVA
phytoplasma pathogen. Sequence analysis of a portion of the BCTV viral coat protein was completed on
20 BCTV-positive BLH samples and identified all samples as Beet curly top virus species, strain BCTV-Mld
or BCTV-Wor (previously known as the Beet mild curly top virus species) (Varsani et al. 2014, Rondon et
al. 2016). Of the 20 samples sequenced, 11 showed 99.15-100% nucleic acid identity with KU892789
(Rondon et al. 2016; Infected BLH collected in Oregon), 3 showed 97.88-98.46% identity with KX867021
(Strausbaugh et al. 2017; Infected Beta vulgaris in Colorado), 3 showed 98.79-98.8% identity with
AY134867 (Soto and Gilbertson, 2003; Infected Capsicum spp. in New Mexico), and 3 showed 99.0299.4% identity with KX867055 (Strausbaugh et al. 2017; Infected B. vulgaris in Idaho).
Objective 2: Seventy-four Yukon Gold plants were agroinoculated with four different strains of BCTV
(Cal/Logan, CFH/Svr, Worland, and Mexican) to mimic the primary infection in potato. Two of these
strains, Cal/Logan and CFH/Svr, were found to systemically infect Yukon Gold. Strain CFH/Svr did not
express any symptoms in primary-infected potato plants and was found by laboratory methods (ELISA
and PCR) in 63% of inoculated plants. Strain Cal/Logan expressed mild leaf-rolling symptoms in primaryinfected plants and was found by ELISA and PCR in 75% of inoculated plants. Strains Worland and
Mexican were not able to infect potato cultivar Yukon Gold, while being fully infectious in a control host,
Nicotiana benthamiana. In primary infections, BCTV did not affect tuber yield or quality. Forty-eight
tubers from BCTV-infected plants were subjected to a grow-out assay (secondary infection), for each of
CFH/Svr and Cal/Logan strains. The rate of the secondary infection was determined at 90% for
Cal/Logan, and at 67% for CFH/Svr. In the secondary infection, stunting, leaf crinkling, leaf-rolling, and
leaf distortion were clearly visible in plants infected with both Cal/Logan and CFH/Svr strains.
Preliminary evaluations indicated that for the secondary-infected tubers, yield reduction was about 60%
relative to the uninfected potato. No visible tuber quality damage was noted in the BCTV secondary
infection
Objective 3: An experiment looking at the complete infection cycle
of BCTV in Ranger Russet is ongoing.
Publications:
No publications have been made related to this project at this time.
Presentations:
No presentations were made related to this project at this time.

Figure 1. Secondary (tuber-borne)
infection of BCTV-Logan in Yukon Gold.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Nematode community assessment as part of defining potato soil health
ARS Principal Investigator: Inga Zasada, Horticultural Crops Research Unit, Corvallis, OR
Cooperator(s):

Research Objectives:
The objective is to utilize nematode community analysis to characterize potato soil health. Within this
overarching objective we will 1) compare morphological analysis to metabarcoding analysis for
performing nematode community analysis, and 2) incorporate nematode community data into the
larger soil health SCRI dataset to improve soil health assessment.
Progress Report Year 1
A graduate student was hired in Fall 2019 to conduct this research. Prior to the arrival of the student, we
worked with members of the SCRI Potato Soil Health team to obtain soil samples from the July 2019
sampling date. Treatment (Table) were selected to allow for comparisons across locations as well as to
capture treatments (variety, fumigation, mustard) that we felt would yield the most interesting
comparisons.
Table. Samples being considered in the nematode community analysis of SCRI Potato Soil Health
plots. Treatments are shown as 2019-2020-2021 activities as defined by the soil health team.

Received soil was mixed and then two 100 g subsamples were used for nematode extract. Methods of
extraction were similar for both subsamples using a combination of secant-sieve/Baerman funnel and
then sugar centrifugation. One of the samples was preserved for nematode morphological analysis and
the other samples was stored at -20ºC for future DNA extraction and metabarcoding. Analysis of these
samples are underway.
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FY 2019 Annual Project Report: ARS-State Partnership Potato Funding
Each report must be limited to two pages. Other supportive information can be attached as appropriate,
but all requested information must be included in the two-page project report.
Title: Assessing the risk of Globodera spp. to U.S. potato production by defining global diversity
ARS Principal Investigator: Inga Zasada, Horticultural Crops Research Unit, Corvallis, OR
Cooperator(s): Louise-Marie Dandurand, University of Idaho, Moscow, ID
Research Objectives:
1) Collect Globodera spp. populations from South America, and
2) Molecularly and biologically characterize Globodera spp. from South America.
Progress Report Year 2
In April of 2019, we traveled to Peru to collect Globodera spp. populations. We travelled to the
Cusco/Puno and Cajamarca regions. In collaboration with Dr. Javier Franco and Instituto Nacional de
Innovacion Agraria (INIA) we collected samples from 42 fields. Cysts were then extracted by the
Nematology Laboratory at the National Agrarian Health Service (SENASA) in Lima Peru. After
encountering difficulty with retaining a shipping service willing to transport this material, we have
decided to hand carry the material back to the US with Dandurand’s APHIS hand carry permit. At this
time, we will collect additional Globodera populations from northern Chile.
Additional cysts from Chile were sequenced; four populations with five cysts from each population. It
was discovered that cysts might contain more than one Globodera spp. potentially due to multiple
mating events with a single female. This became evident when analyzing COI data with two haplotypes
being present in a single cyst. To further explore this biological possibility, we are analyzing the data
with the R-package SppIDer. The ramification of this finding on deploying resistance is unknown. All
analyses will be completed by May 2020 and will be presented to at the International Nematology
Congress.
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