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Oral presentations (001-090) 
001 
Managing soilborne disease of potatoes and other crops using ecologically based 
approaches.  Lazarovits, G., R. Ramarathnam, M.F. Adesina, P. Abbasi and K.L. Conn. 
Agriculture & Agrifood Canada, Southern Crop Protection & Food Research Ctr., 1391 Sandford 
St. London, ON, Canada, N5V 4T3. 

Fumigation and planting resistant cultivars remain the primary means for control of 
soilborne plant diseases. Fumigation however, is being constrained by increased costs, 
urbanization, and its negative environmental impacts. Resistance genes to soilborne pathogens 
are often not available for many crop species. Using verticillium wilt and potato scab as model 
diseases we examined the potential of non chemical alternatives, specifically the use of organic 
amendments and green manures, as disease management tools. Application of organic products 
to soils was known to reduce disease but the practice was abandoned due inconsistent efficacy. 
We have now demonstrated that by-products of animal production such meat and bone meal, 
feather meal, poultry and swine manure, etc. can significantly reduce disease but that the level of 
control obtained is soil specific. Three mechanisms of action for pathogen reduction were 
identified: 1) generation of toxic compounds such as ammonia and nitrous acid from high 
nitrogen-containing materials, 2) presence of volatile fatty acids (e.g. vinegar), and 3) alterations 
in biological agents that may suppress the activity of plant pathogens. Some of the properties of 
soils and amendments that regulate efficacy were identified and this allows planning of what will 
work at specific locations.  Much less is known about factors that influence rhizosphere residents 
that regulate plant health but methods for identifying key players and determining their role in 
plant health are also in development.  Through an understanding of agro- ecosystems we can 
enable disease control in a more environmentally benign manner and with potentially lower costs 
to growers. 
 
002 
Alternative methods of insect pest control on potato.  Boiteau, G. Agriculture & Agri-food 
Canada, Potato Research Centre, 850 Lincoln Road, PO BOX 20280, Fredericton, NB, E3B 4Z7 
Canada. 

The expression alternative insect control method is closely linked to that of chemical 
insecticide control. The interest in alternative control methods has arisen as a result of the public 
concern about the routine use and safety of pesticides. In conventional potato production the 
development and interest for alternative insect control methods such as resistant plants, 
intercropping, predators, parasites, pheromones, pathogens, floating covers, mulching and plastic 
lined trenches, continues to be high but the adoption rate is low. Insecticides tend to remain the 
primary method of control with reduced risk insecticides replacing the long lasting 
environmentally hazardous insecticides responsible for the initial negative public reaction. In 
organic potato production, the so-called alternative methods are central to the ecological, 
balanced approach to crop protection and production. The control methods are used to help re-
establish the healthy, pest free design of the agro-ecosystem.  However, the pro-active approach 
to insect pest management, characteristic of organic potato production, seems to be shifting 
towards the reactive approach of conventional potato production in response to the increasing 
availability of effective and fast acting biological insecticides. A complex set of legal, social, and 



organisational factors continue to limit the practical use of an impressive list of non-insecticidal 
methods of insect control. 
 
003 
Weed control without herbicides.  Boydston, R. A. USDA, Agricultural Research Service, 
24106 N. Bunn Road, Prosser, WA 99350. 

Managing weeds without herbicides is challenging and requires an integration of tactics 
and a change in how weeds problems are approached. Weeds should be managed in a holistic, 
intentional and proactive manner. Growers that successfully manage weeds in organic systems 
examine why certain weed species exist in their cropping system and manage the system to 
discourage weeds.  Growers have long used cultural practices and cultivation to help manage 
weeds in potato production. A well-planned diverse crop rotation and use of cover crops can 
minimize ‘windows of opportunity’ for weeds to germinate and establish. Cover crops and 
decaying cover crop residues can smother and inhibit weeds, but if managed poorly, can become 
a source of weed problems. Manures can be a source of weeds and should be composted to 
reduce the number of viable weed seeds. Multiple cultivations effectively control early season 
weeds in potato. Cultivation must be timely and is most effective on weeds in the ‘white thread’ 
stage to cotyledon stage. Shallow cultivation prevents bringing up new seeds from deeper depths. 
Managing irrigation before and after cultivation can improve weed kill. Once emerged, potatoes 
are fast growing and most varieties produce a competitive canopy with weeds. Flaming, acetic 
acid, organic herbicides have been utilized to suppress small weeds and are generally most 
effective on annual broadleaf weeds. Perennial weeds, such as Canada thistle, field bindweed, 
quackgrass, and yellow nutsedge are difficult to manage in potatoes without herbicides. Tillage 
and summer fallow can suppress difficult to control perennial weeds. New technologies for 
precision cultivation, flaming, and application of nonselective herbicides are being developed. 
 
004 
Commercial potato production using alternative methods of pest and disease control.  
1VanderZaag, P. and 2E. Banks. 1SunRISE PRODUCE, 5546 County Rd 15, Alliston, ON 
Canada L9R 1V3; 2Ontario Ministry of Agriculture, Food & Rural Affairs. 1 Stone Road W, 
Guelph, ON Canada, N1G 4Y2. 
 Environmentally sustainable potato production requires reduced dependency on 
pesticides. Consumers are increasingly lobbying for the environment, speaking with their 
wallets. Farmers are responding with reduced and improved pesticide usage by means of more 
environmentally friendly chemicals, superior application equipment, scouting, training and 
communications. Ontario statistics show a 56% reduction in chemical use (tonnage) over the past 
27 years. The most significant improvement is the weekly scouting of all fields to determine 
economic thresholds before spraying. The co-author conducts professional training programs for 
farm personnel to fully equip them for this task, as well as coaching and personal scouting 
throughout the season. Weekly newsletters inform all growers of the status of pests and diseases 
in the province. Forecasting, based on weather conditions, helps reduce late blight spray 
frequency. Biological controls and cultural management are effective in reducing pesticide 
dependency.  Initiatives like the “Local Food Plus” in Ontario and “Healthy Grown” in 
Wisconsin are two examples where consumers and farmers work together to reduce potato 
production’s environmental footprint. 



The senior author is a farmer who grows organic and conventional potatoes, and also has a 
potato-variety development program to select for clones with resistance to Ontario’s pests and 
diseases. The program focuses on late blight, early blight and scab resistance; as well as insect 
resistance through glandular trichomes. The presentation will showcase farmers as stewards of 
the land. 
 
005 
Adequate and high nitrogen represses infection severity of Colletotrichum coccodes in 
Russet Burbank potato roots.  Geary, B. Morton, J. Blaisdell, B. Johnson, D.A. Hopkins, B.G. 
and Jolley, V.D. Brigham Young University 263 WIDB, Provo, Utah 84602 

Colletotrichum coccodes is a soil-borne fungus that causes black dot of potato. Roots, 
stolons, stems and tubers are infected, with roots being the most susceptible. Infection results in 
financial losses to potato growers. Edaphic factors are a critical aspect to infection efficacy of C. 
coccodes. Nitrogen (N) levels in the plant rhizosphere and within the plant, seem to relate to 
disease severity. Russet Burbank potatoes were grown hydroponically in association with C. 
coccodes and varying levels of N (5, 40, 160, 640 mg N L-1). Infection was assessed by plating 
roots on modified potato dextrose agar (mPDA) and through quantitative RT-PCR. Root 
infections on mPDA were analyzed by area under the root colonization curve, while qRT-PCR 
used DNA markers to generate infection coefficients (IC) that were then compared to other IC 
values from differing treatments. The reduction of C. coccodes severity by increased available N 
was statistically significant among treatments 5, 40, and 160 mg N L-1. A surplus of N at 640 mg 
N L-1 resulted in a slight increase in C. coccodes but it was not significantly different from 160 
mg N L-1.  Infection was greatest at 5 mg N L-1. These data provide strong evidence that N 
nutrition is important in C. coccodes suppression and that the amount of available soil N can 
affect plant health through disease susceptibility. 
 
006 
Corky ringspot disease of potato control in Michigan.  Bird, G., W. Kirk and L. Wernette, 
Departments of Entomology and Plant Pathology, Michigan State University, East Lansing, 
USA, 48824  

Corky Ringspot Disease of Potato (CRDP) caused by Tobacco Rattle Virus (TRV) and 
vectored by Stubby-Root Nematodes (SRN) was detected in Michigan (MI) for the first time in 
2007 and reported in Plant Disease, Volume 92 (11).  Because of the potential risk of corn and 
wheat as common rotation crops and also alternate hosts of TRV and SRN, a 7.7 acre nematode 
control experiment was conducted in a commercial potato field in White Pigeon, MI.  The site 
was known to have CRDP.  Telone II, Vapam and Vydate were evaluated individually and in 
combination with each other for control of CRPD.  The experimental design consisted of 16 
different treatments, each replicated four times in four-row by 90 foot plots planted with 
Snowden.  The remainder of the field was used for a fifth replicate of the Vydate treatments.  
The population density of SRN was very low in the upper six-inches of soil. Tuber yields by 
treatment ranged from a high of 497 cwt/acre to a low of 396 cwt/acre.  At harvest, CRDP was 
detected in 11 of the 74 plots.   None of the nematicide treatments provided adequate control of 
CRDP, including the treatment with Vapam (37.5 gal/acre), Telone II (18 gal/acre) and Vydate 
(0.5 lb/acre at-planting plus three 0.5 lb/acre foliar applications).  The incidence of CRDP per 
plot ranged from 0 to 66% tuber infection.  The research will be repeated in 2009 in a 5.5 acre 
portion of the same field not used for the 2008 research.  In the 2009 experiment, the rate of 



Vapam will be increased to 75 gal/acre and the highest rate of multiple applications of Vydate to 
a total of 2 gal/acre.  The nematode sampling protocol with be expanded to include 6 to 12 inch 
and 12 to18-inch depths. 
 
007 
Determining a fast-reacting, sensitive and reliable indicator for  potato tuber ringspot 
necrosis symptoms caused by PVYNTN isolates.  Rudra P. Singh1, Andrea Dilworth1, 
Mathuresh Singh2, Andrew Sullivan3 
1Agriculture and Agri-Food Canada, Potato Research Centre, 850 Lincoln Road, Fredericton, 
NB, Canada E3B 4Z7; 2Agricultural Certification Services,1030 Lincoln Road, Fredericton, NB, 
Canada E3B 8B7; 3Department of Agriculture and Aquaculture, Plant Propagation Center, 598 
Lincoln Road, Fredericton, NB, Canada E3B 5H1 

Host reaction of potato and tobacco has played a dominant role in the designation of 
Potato virus Y (PVY).  In the past 25 years, strains of PVY have emerged in potato causing 
necrotic tuber ringspot symptoms in addition to foliage damage. These new strains belonging to 
the PVYN group have become more prevalent in recent years. Several potato cultivars developed 
in the greenhouse show symptoms of tuber necrosis with the PVYNTN strains but rarely with the 
PVYN-Wi.  Since the phenotype in potato is a proposed classification criterion of new PVY 
isolates, there is a need for a reliable indicator plant for tuber symptoms.  In the present study, 
six cultivars known to induce tuber symptoms with one or more strains of PVY N-Wi and PVYNTN 
were evaluated against 11 isolates of PVYO, PVYN, PVY N-Wi, and both recombinant and non-
recombinant PVYNTN.  Potato plantlets grown in flats to limit potato growth and harvested 60 
days post inoculation, developed tubers with necrotic ringspot symptoms at the time of harvest.  
Depending on the PVY isolates, 40-96 % of the virus-inoculated plants had tuber symptoms at 
the harvest except one PVYNTN isolate. The percentage of symptomatic tubers at harvest ranged 
from 30 to 65% and increased to over 90% when stored at room temperature for 2 months. Tuber 
symptoms were caused only by the isolates of PVYNTN strain from different countries. No tuber 
symptoms were observed with PVYO, PVYN, PVY N-Wi strains.  
 
008 
Potato Virus Y distribution in hairy nightshade and potato upon aphid inoculation.  
Alvarez, Juan Manuel and Felix Cervantes.  Aberdeen R&E Center, University of Idaho 

The distribution of Potato Virus Y (PVY) was studied in PVY-infected Solanum 
sarrachoides (Sendtner) and potato.  Solanum sarrachoides and potato plants (cv. Russet 
Burbank) were inoculated with one of three PVY strains (PVYO, PVYN:O and PVYNTN) by Myzus 
persicae (Sulzer) at 15 and 30 days after tissue culture planting under greenhouse conditions. 
Tissue samples at different levels in the plant were taken at 21 and 28 days after virus 
inoculation and tested to determine virus presence and titer. All three PVY strains infected both 
plant hosts. Virus distribution and titer differed among the strains but not among host plants. The 
level of PVY infection at different plant levels was similar in S. sarrachoides and potato plants 
with strains PVYO and PVYN:O regardless of the inoculation and sampling date. Titers of 
PVYNTN were similar between S. sarrachoides and potato but differences were observed in titer 
at different levels within the plant when plants where inoculated 15 days after planting and 
sampled 28 days after inoculation. When plants where inoculated 30 days after planting no 
differences in PVYNTN titer was observed throughout the plants in both plant hosts. These results 
confirm that distribution of PVY, once a successful infection occurs, is similar between S. 



sarrachoides and potato, suggesting a similar susceptibility of both plant species to PVY 
infection and consequently similar epidemiological roles in the PVY-potato pathosystem. 
 
009 
Resistance of the Colorado potato beetle to insecticides: recent results.  Pelletier, Y. and J. 
Zhang.  Potato Research Centre, Agriculture and Agri-Food Canada, 850 Lincoln, Fredericton, 
Canada  E3B 4Z7 

The Colorado potato beetle is the insect resistant to the largest number of insecticides.  
Imidacloprid resistance has been documented in the US for several years but the mode by which 
the beetle was able to resist this insecticide was not fully established.  Laboratory experiments 
demonstrated that resistant beetles produce enzymes that detoxify rapidly the insecticide 
molecule. 

We also evaluated the level of resistance to Imidacloprid of several populations of beetle 
from NB.  It confirmed the presence of Imidacloprid resistance in the province.  The same 
populations were also tested for their susceptibility to Rynaxypyr.  Our results, as well as some 
from colleagues, indicate that populations of the Colorado potato beetle vary in susceptibility to 
Rynaxypyr but that this phenomenon is not linked to resistance to Imidacloprid.   
 
010 
Leafhopper incidence in Alaska potatoes: do we need management tactics?  Alberto 
Pantoja1, Aaron M. Hagerty1, Susan Y.  Emmert1 and Joseph Munyaneza2.  1United States 
Department of Agriculture, Agricultural Research Service, P.O. Box 757200, Fairbanks, Alaska 
99775; 2United States Department of Agriculture, Agricultural Research Service, Yakima 
Agricultural Research Laboratory, 5230 Konnowac Pass Road, Wapato Washington 98951 

Leafhopper transmitted phytoplasma diseases are an emerging problem for potato 
(Solanum tuberosum L.) producers in the conterminous United States of America. Potato 
growers in Alaska are exploring the potential of producing seed potato for export. However in 
recent years aphid and leafhoppers transmitted diseases have been reported, suggesting the need 
to study the potential insect vectors associated with potatoes in Alaska. The biology of 
agricultural insect pests in the circumpolar region is lacking or poorly understood. Research to 
investigate leafhoppers occurrence in potatoes was conducted from 2004 to 2006 in the three 
main S. tuberosum production areas of Alaska: Fairbanks, Palmer, and Delta Junction.  Twenty 
leafhoppers species were identified in association with potato. Three of the species collected 
[Balclutha punctata (Fabricius), M. fascifrons, and Scaphytopius acutus (Say)] are known 
vectors of phytoplasmas of potatoes. This report represents the first extensive study of cicadellids 
from potatoes in Alaska.  Data on population dynamics and geographic distribution will be 
presented. 
 
011 
The characterization of Solanum chomatophilum resistance mechanism to aphid potato 
pests.  Julien Pompon1,2, Dan Quiring2, Philippe Giordanengo3 & Yvan Pelletier1. 
1Potato Research Centre, AFFC, Fredericton, NB; 2University of New Brunswick, Fredericton, 
NB; 3Université d’Amiens, France. 
 
S. chomatophilum has been documented as a resistant species against M. euphorbiae and M. 
persicae, and could be used as a resistant parent by potato breeding programs.  We measured the 



resistance levels of 7 S. chomatophilum accessions and characterized the resistance effect on 
aphid biology using 2 complementary methods (clip cage and whole plant methods).  PI243340 
accession was resistant to both aphid species and PI310990 accession to M. euphorbiae only.  
Winged morph induction was not stimulated.  On both S. chomatophilum and S. tuberosum, M. 
euphorbiae performed better on flowers, flower buds and old leaves, and M. persicae on flowers 
and flower buds.  We inferred that the resistance factors were not related to the factors guiding 
the within plant distribution and performance.  The resistance mechanism was revealed by 
analysing host-plant selection and probing behaviour using multivariate statistics.  Antibiosis 
was suspected with M. euphorbiae, whereas antixenosis was responsible for the low performance 
of M. persicae. 
 
012 
Total anthocyanins, total carotenoids, hydrophilic- and lipophilic-ORAC levels in diverse 
clones and breeding lines over six field environments.  Brown, C.R. USDA/ARS, Prosser, 
WA, B. Charlton, Klamath Experiment Station, S. James, Central Oregon Experiment Station, 
M. I. Vales, Crop Science, Oregon State University, Corvallis, OR; Jeff Stark,  Aberdeen 
Research and Extension Center, University of Idaho, Aberdeen, ID.  

Seven specialty clones were grown in six field locations and tuber samples were analyzed 
for total carotenoids, total anthocyanins, hydrophilic_Oxygen Radical Absorbance Capacity 
(ORAC), and lipophilic (ORAC).  Four of the genotypes had red or purple pigmented flesh.  The 
highest total anthocyanins content among clones with red or purple coloration in skin and/or 
flesh at a specific location was 70 mg/100 g fresh weight (FW).  By comparison a red or purple 
skinned white fleshed genotype has 0.5 mg of total anthocyanins   This clone, POR04PG82-1, 
averaged 49 mg over all locations.  There was significant genotype x environment interaction for 
total anthocyanins and H-ORAC for these pigmented clones.  Two clones had exceptionally high 
total carotenoids.  POR03PG6-3 averaged 1008 micrograms per 100 g FW reaching a level of 
1292 micrograms at one location.  POR02PG4-2 averaged 1159 micrograms, reaching a 1320 
micrograms at one location.  Although total anthocyanins were positively correlated with H-
ORAC, such was not the case in comparing total carotenoids with L-ORAC.  Locations were not 
different for L-ORAC, but were for H-ORAC.  The high elevation Central Oregon Plateau 
tended to engender the highest concentrations of total anthocyanins, however, this was not 
matched in the concentration of total carotenoids.  Colorless compounds present in both 
hydrophilic and lipophilic phases contribute to the antioxidant levels of certain clones. 
 
013 
Developing thousands of SNP markers for cultivated potato.  De Jong, W.S., Douches, D.S., 
Francis, D., Van Deynze, A., Buell, R., Mueller, L.   Cornell University, Department of Plant 
Breeding and Genetics, Ithaca, NY 14853 (representing the SolCAP project; solcap.msu.edu) 

One of the technical objectives of the Solanaceae Coordinated Agricultural Project 
(SolCAP) is to develop thousands of single nucleotide polymorphism (SNP) markers that are 
polymorphic in cultivated potato.  Candidate SNPs will be developed by comparing existing EST 
sequences from the cultivars Bintje, Kennebec, and Shepody, as well as EST sequences to be 
generated from the cultivars Atlantic, Snowden, and Premier Russet.  7600 candidate SNPs will 
be evaluated for polymorphism in a panel of 300 potato varieties, breeding clones, and genetic 
stocks.  Illumina’s Infinium platform will be used for genotyping.  Once a candidate SNP is 
shown to be polymorphic, breeders can design alternative detection assays if desired.  Our 



highest priority is to identify and evaluate SNPs in genes related to carbohydrate metabolism, as 
this will permit subsequent association studies with processing traits.  We will also solicit and 
evaluate SNPs in genes of interest to any individual investigator.  Randomly selected SNPs will 
bring the total up to 7600, and ensure genome-wide coverage.  The map location of many SNPs 
will be determined by genotyping an existing diploid reference population.  SNP data will be 
deposited in the publicly-accessible SOL Genomics Network database (sgn.cornell.edu).  
Breeders will be able to access this data to facilitate the identification of parents with desirable 
combinations of marker alleles. 
 
014 
Elucidating the molecular determinants of broad-spectrum late blight resistance.  Dennis 
Halterman, USDA/ARS, Dept. of Plant Pathology, University of Wisconsin-Madison, Madison, 
WI 53706 

The Solanum bulbocastanum-derived gene RB (Rpi-blb1) confers resistance to multiple 
isolates of Phytophthora infestans in various potato backgrounds.  RB specifically recognizes the 
P.infestans IpiO effector to elicit resistance, presumably within the potato cell cytoplasm.  
Recognition of IpiO by RB leads to increased resistance, with only minor disease symptoms 
observed on inoculated plants.  Using P. infestans isolates collected worldwide, we have found 
that IpiO is universally present, explaining the broad-spectrum phenotype of RB.  However, we 
have found that multiple IpiO variants exist within a given P. infestans isolate and that some 
IpiO variants are recognized by RB and others are not.  The presence or absence of certain IpiO 
variants in P. infestans isolates can lead to virulence changes, even in the presence of RB.  In 
order to identify additional sources of resistance, we are using a transient expression assay in 
Nicotiana benthamiana to test the outcome of interactions between IpiO genes and RB-like genes 
from other wild potato species.  This talk will include recent research data and discussion of the 
long-term potential for incorporating broad-spectrum late blight resistance in cultivated varieties. 
 
015 
Evaluation of CBF1 transgenic potatoes.  Nichol NL, K Zarka, J Coombs, DS Douches.  
Michigan State University, Department of Crop and Soil Science, East Lansing, MI 48824. 

Potato production can be negatively impacted by cold and drought stress.  Several genes 
and promoters have a role in freezing tolerance and drought tolerance. Three C-repeat/DRE 
Binding Factor (CBF) genes have been found to be ‘master switches’ to a regulon of genes 
involved in cold and drought tolerance.  The expression of AtCBF1 (from Arabidopsis thaliana) 
in a Michigan State breeding line MSE149-5Y was evaluated in field trials 2007-2009.  In the 
2009 field season, S. tbr cv. Umatilla lines will be evaluated. The S. tbr cv. Umatilla transgenic 
lines were developed at Oregon State University. The agronomic performance of the CBF1 
transgenic lines was evaluated under irrigated and drought conditions.  The yield, specific 
gravity, and sucrose and glucose profiles were assessed. A randomized complete block design of 
four replications with 3 m plots was conducted during the 2007-2009 seasons.  The transgenic 
lines were significantly different from the control as measured by specific gravity and yield in 
the 2007 and 2008 results.  There was no significant difference between the transgenic and 
control lines in the sugar profiles.  RT-PCR is being used to determine gene expression of CBF1 
and downstream genes in the transgenic lines using leaf tissue collected from the field trials.  
Several of the downstream genes have shown to increase their expression under stressed 
conditions.  Future work includes assessing CBF1 genes from S. cmm and S. tbr in comparison to 



the expression of CBF1 from Arabidopsis by transforming the S. cmm and S. tbr CBF1 genes 
into the MSE149-5Y line.  CBF transgenic potatoes may improve potato production under 
drought and cold stress conditions. 
 
016 
Characterization of an activation-tagged potato mutant with chocolate colored tubers and 
the potential role for a MYB transcription factor.  Duguay, J.L.1, Dorion, S.2, Auslender, E.2, 
Gustafson, V.3, Rivoal, J.2, Tai, H.4, Pelletier, Y.4, De Koeyer, D.4, and S. Regan1. 1Biology 
Department, Queen’s University, Kingston, ON CANADA K7L 3N6; 2IRBV, 4101 rue 
Sherbrooke est, Université de Montréal, QC CANADA H1X 2B2; 3BioAtlantech, 921 College 
Hill Road, Fredericton, NB CANADA E3B 6Z9; 4Potato Research Center, Fredericton, NB 
CANADA E3B 4Z7. 

In an effort to better understand the genes that are vital to potato growth and 
development, the Canadian Potato Genome Project generated more than 8500 activation-tagged 
(AT) potato lines.  Activation tagging exploits the gene activating function of the CaMV35S 
enhancer sequence for the production of dominant, mutant phenotypes.  A greenhouse screen of 
677 AT lines identified a prominent tuber mutant, named chocolate, which displays an 
uncharacteristically dark-brown colored skin.  A modified TAIL-based PCR strategy located the 
enhancer sequence upstream of a putative MYB transcription factor.  Using primers designed 
from potato EST sequence, qRT-PCR confirmed the MYB gene over-expression in the periderm 
of the chocolate mutant.  Furthermore, the MYB gene shows an age-dependent induction in the 
mutant that culminates in a greater than 20-fold expression increase in mature tuber skin. To 
further characterize differences between chocolate tuber skin and wild-type skin, transcript 
profiling is being done using the 44K 60-mer POCI microarray. Expression data will be 
integrated with metabolite analyses to highlight molecular and biochemical changes due to MYB 
gene over-expression. In addition, preliminary evidence suggests the chocolate tubers may be 
more prone to fungal infection, while the tops show some pest resistance. These avenues are 
being aggressively pursued to determine a potential role for the MYB gene during biotic stress. 
 
017 
Drought tolerance in potato clones selected under irrigation.  Bizimungu, B. Agriculture and 
Agri-Food Canada, Lethbridge Research Centre, Lethbridge, Alberta T1J 4B1 Canada. 

Drought is a major constraint affecting the stability of yield and quality of potato in rain-
fed production systems. In irrigated crops, there is also a pressing need to improve water-use 
efficiency (WUE) to ensure a sustainable agricultural productivity. Potato is considered to be 
very sensitive to drought and progress in the improvement of its drought-tolerance and WUE is 
still limited. These traits have not been a major breeding target in many programs; in part 
because their physiological and genetic bases are poorly understood, and suspicion that little or 
no genetic variation exist. However, recent studies have shown that varieties are affected 
differently by water stress. This study was undertaken to evaluate the relative performance of 
advanced potato clones selected under irrigation at the Vauxhall Research Sub-station 
(Agriculture and Agri-Food Canada) under drought stress. A number of clones were included in 
the western Canadian regional trials conducted at irrigated and dryland sites. Promising clones 
were further tested at Vauxhall in irrigated and droughted-environments. Results indicate that 
some selections show drought tolerance and perform better than standard varieties in a water 



deficit environment. These include newly released fry processing varieties ‘Glacier Fryer’ and 
‘Alta Crown’, and a chip processing clone ‘CV97065-1’. 
 
018 
Germplasm panel for SolCAP: Linking phenotypic and genotypic data for trait mapping.  
Douches, D.S., W. De Jong, R. Novy, S. Jansky, C. Thill, C. Yencho, I. Vales, K. Haynes, D. 
Spooner, P. Bethke, J. Sowokinos.  (Lead Institution)  Department of Crop and Soil Sciences, 
Michigan State University, East Lansing, MI 48824. 

The Solanaceae Coordinated Agricultural Project (SolCAP) focuses on the two most 
important vegetable crops in the Solanaceae: potato and tomato. The primary research objective 
of this project is to provide the infrastructure to link allelic variation in genes to valuable traits in 
cultivated germplasm of potato and tomato. As a result, we will increase the likelihood that 
breeding these solanaceous crops will benefit from genotype-based selection processes. One 
resource being developed through SolCAP is the potato germplasm panel.  This panel was 
assembled with extensive community input, including basic researchers, germplasm developers 
and applied breeders throughout North America. Our goal is to genotype 7,600 single nucleotide 
polymorphisms (SNPs) on 300 potato varieties, advanced breeding lines and genetic stocks, and 
also a diploid mapping population and a tetraploid mapping population using the Illumina 
Infinium platform.  We will also collect standardized trait data on over 250 of the clonal lines 
and the 4x mapping population at three distinct locations over two years. This will result in a 
standardized database of phenotypes for key traits across a core collection of potato germplasm, 
accessible through the Solanaceae Genome Network (SGN) website.  Breeders will be able to 
access data from these panels to assess parents of populations already developed for marker 
polymorphism as well as facilitate the design of future crosses by allowing identification of 
parents with desirable combinations of marker and trait variation. 
 
019 
Evaluation of potato clones for resistance to late blight (Phytophthora infestans (Mont) de 
Bary), in Chapingo, México.  Lozoya-Saldaña H., J. Whitworth, and C.R. Belmar-Díaz. 
Department of Plant Sciences (Fitotecnia), Autonomous University of Chapingo, Chapingo, 
México, 56230; ARS-USDA, Aberdeen, Idaho; Autonomous University of the State of México, 
Toluca, México. 

A wide genetic diversity of Phytophthora infestans (Mont) De Bary, the potato late blight 
pathogen, is present in the highlands of central México. Chapingo, in the State of México, 
located at 25 km (15 miles) east of the Mexico City International Airport, is reported to be the 
second location with the most variation of the oomycete, after the Toluca Valley. In order to 
assess the genetic resistance of potato clones to P. infestans, in the summer of 2008 one hundred 
clones each of 25 families (2,500 clones total) from the ARS-USDA Potato Breeding Program at 
Aberdeen, Idaho, were planted under rainfed conditions at the University of Chapingo 
Experiment Station, and exposed to natural infection by late blight without fungicides. 
Susceptible cv. Alpha reached complete foliar infection five weeks after the epidemic onset. 
Thirty to 60 clones from eight families showed late infection, but all of them died to the disease 
later. Genetic variability of P. infestans was detected, and two genotypes resembled the US-11 
type: A1; 86/100/111; 100/100, and A1; 86/100/122; 100/100 (mating type; glucose-phosphate-
isomerase, GPI; and peptidase, PEP). These results support the idea that Chapingo may also be 



considered a “hot spot” for evaluation of potato clones for genetic resistance to the disease in 
addition to the Toluca Valley. 
 
020 
Assessments on the rate of degradation of two late blight fungicides (chlorothalonil and 
mancozeb) on Russet Burbank potato leaves.  Coffin R.1, W. Hardy1, S. Veenhuis-MacNeill1, 
T. Hamill1, G. Donald1, D. Dawson1, R. Peters2, H. Platt2, G. Wang-Pruski3, S. Lim3, K. Al-
Mughrabi4, T. Smith5 and K. Broad5. 1Cavendish Farms,  Summerside, PE;2AAFC, 
Charlottetown, PEI;3 NSAC, Truro, N.S.; 4N.B. Agr., Wicklow, NB; 5RPC Labs, Fredericton, 
NB 

With pressure from late blight inoculum and rainfall, potato producers are concerned if 
adequate concentrations of the protectant fungicides remain on leaves sprayed every 7 days. 
Fungicide [mancozeb (Manzate Pro-Stick TM )at 680 grams a.i./ acre and chlorothalonil (Bravo 
500TM) at 400 grams a.i./ ac] applications were made every seven days with a tractor mounted 
sprayer delivering 200 litres of water per acre through air induction nozzles. Ten fully expanded 
leaves were collected daily from four replications   over a seven day period. Chlorothalonil 
analysis was done by solvent extraction using Gas Chromatography/Mass Selective detection 
while mancozeb was analyzed by CS2 evolution and UV/Vis spectroscopy. At day zero, samples 
were collected immediately before spray application and two hours after application. The initial 
concentration of mancozeb after application on day zero, was 680-840 mg/kg. and chlorothalonil 
ranged from 160-190 mg/kg. Concentrations of both fungicides declined in a similar pattern over 
a 7 day period with 20-25% remaining on day 7. The average concentration on day 7 for 
chlorothalonil was 42mg/kg and mancozeb was 135mg/kg. Two major rainfall events (55 mm on 
day 3 and 26 mm on day 6) did not eliminate fungicide residues. The foliage in untreated check 
plots was completely destroyed by late blight (A2, US-8) while negligible late blight occurred in 
treated foliage. Although the critical minimum concentrations are unknown; the concentration of 
fungicides remained sufficient to prevent late blight infection. 
 
021 
Foliar application of phosphorous acid in conjunction with reduced rates of a protectant 
fungicide for control of potato late blight and pink rot.  Peters, R.D.a, R.H. Coffinb, H.W. 
Platta, G. Wang-Pruskic, K.I. Al-Mughrabid, I. Macdonalda, K. Drakea, W. Hardyb, S. Veenhuis-
MacNeillb, T. Hamillb and S. Limc. aAAFC, Charlottetown, PE; bCavendish Farms, Summerside, 
PE; cNSAC, Truro, NS; dNB Dept. of Agriculture and Aquaculture, Wicklow, NB. 

A trial was conducted in Prince Edward Island in 2008 to evaluate the 
efficacy of phosphorous acid (ConfineTM), applied alone or in combination with chlorothalonil 
(Bravo®500) at various rates (100%, 75%, 50%, 25% or 10% of recommended rate), for control 
of foliar and tuber late blight and pink rot. Late blight, caused by naturally-introduced inoculum 
of Phytophthora infestans, was severe in plots receiving no fungicides resulting in complete 
defoliation by early September. Disease epidemics were delayed in all plots treated with 
fungicides, but treatments of ConfineTM with Bravo®500 at 100%, 75% or 50% of the 
recommended rate were the most efficacious. Approximately 50% of tubers harvested from 
control plots showed symptoms of tuber rot, but tubers from plots treated with ConfineTM and 
Bravo®500 at 100% and 50% of the recommended rate were free of disease. Tubers from all 
plots receiving ConfineTM (alone or in combination with Bravo®500) were significantly more 
resistant to disease development in storage following post-harvest inoculation with zoospores of 



P. infestans or P. erythroseptica (pink rot) than tubers from control plots or from plots receiving 
Bravo®500 only. Therefore, combining phosphorous acid (systemic) with chlorothalonil 
(protectant) in a foliar spray program was an effective strategy for the management of potato 
diseases caused by oomycetes. As well, reduced rates of protectant fungicides could be 
employed without loss of disease control, thus mitigating some of the environmental risk 
associated with these products. 
 
022 
Protein profiling of potato leaf tissues to determine mechanisms of disease suppression 
following applications of phosphorous acid for late blight control in potatoes.  Lim, S.1, G. 
Wang-Pruski1, D. Pinto2, R.H. Coffin3, K.I. Al-Mughrabi4, R.D Peters5, H.W. Platt5, I. 
Macdonald5, K. Drake5, W. Hardy3, S. Veenhuis-MacNeill3, T. Hamill3. 1Nova Scotia 
Agricultural College, PO Box 550, Truro, NS B2N 5E3; 2National Research Council-IMB, 
Halifax, NS B3H 3Z1;  3Cavendish Farms, Summerside, PE C1N 5J5; 4New Brunswick 
Department of Agriculture and Aquaculture, Wicklow, NB E7L 3S4; 5Agriculture and Agri-
Food Canada, Charlottetown, PE C1A 4N6, Canada.  

Proteomics is a powerful tool for investigating complex biological processes at the 
molecular level. In this study, validations for biological and technical variations to investigate 
proteomic reproducibility were examined.  This is a critical step toward the use of comparative 
proteomics to investigate the molecular responses of potato plants to late blight after treatment 
with phosphorous acid (PA). Field trials in PEI in 2007 and 2008 evaluated the efficacy of PA 
(ConfineTM), applied alone or in combination with chlorothalonil (Bravo®), for the control of 
foliar late blight.  Late blight was suppressed in plants treated with PA, delaying epidemic 
progress. To understand the biological responses that occurred in treated leaves, treated and non-
treated samples were collected and protein profiles were generated using two-dimensional liquid 
chromatography-tandem mass spectrometry. Since most molecules involved in host-pathogen 
interactions are in the cell wall and cytosol, identification of proteins in these subcellular 
locations is essential. In order to generate accurate protein profiles, experiments were conducted 
to validate the biological and technical variations.  Over 60% identical proteins were obtained 
from replicated extractions and over 80% of the same protein fractions were obtained from 
replicated runs. These data confirmed that the reproducibility in both biological samples and 
technical variations are highly acceptable and can readily be used for comparative proteomic 
analysis. 
 
023 
Tolerance of potato mini-tubers to PRE and POST herbicide applications.  Glaspie, C. F., 
W. J. Everman, C. Long and A. J. Chomas. Michigan State University Department of Crop and 
Soil Sciences, East Lansing, MI 48824. 

Demand for disease free potato seed in Michigan is high due to a large economic return 
upon planting disease and virus free seed potatoes. Using aseptically grown plants produced 
from issue culture, potato mini-tubers can be planted as a clean seed source. However, many 
generally accepted cultural practices for managing mini-tubers are adopted from cut seed piece, 
including weed management programs. Field trails were conducted at the near Lakeview, MI in 
2008 to evaluate the effect of labeled herbicide programs on three cultivars of potato mini-tubers. 
Potato cultivars Atlantic, Frito Lay (FL) 1867 and FL 1922 were planted in 34-inch rows, 2.5 
inches deep at 8 inch spacing and hilled at planting. Fifteen herbicide treatments were arranged 



in a strip plot design with four replications. Production practices were similar to those used in 
commercial seed production in Michigan, with plots maintained weed free by hand. Visual injury 
was rated throughout the season on a 0-100% scale and yield data was collected at the end of the 
season for tuber count and tuber defects. Visual ratings showed differences in cultivar response 
to treatments with greater injury observed in FL1867 and FL1922. Treatments displaying visual 
injury in both cultivars contained S-metolachlor, metribuzin and linuron alone or in combination. 
Treatments that caused yield reductions in all cultivars were V-10142 and treatments containing 
POST applications of rimsulfuron. This study indicates several currently labeled herbicides may 
cause visual injury during the season and yield reductions on potato mini-tubers. 
 
024 
Plant essential oils alone or in combination with aluminum starch octenylsuccinate 
suppress potato storage pathogens.  Khalil I. Al-Mughrabi1, Appanna Vikram1, Warren K. 
Coleman2, and René Poirier1. 1Potato Development Centre, Department of Agriculture and 
Aquaculture, Wicklow, NB E7L 3S4; 2Potato Research Centre, Agriculture and Agri-Food 
Canada, Fredericton, NB E3B 4Z7. 

The effectiveness of plant essential oils or their individual components (S-carvone, 
peppermint, L-menthone, and spearmint) was tested in vitro against Fusarium coeruleum, F. 
sambucinum, F. avenaceum, F. oxysporum, Alternaria solani, Rhizoctonia solani, 
Helminthosporium solani, Phytophthora infestans (A1 & A2), Phytophthora erythroseptica, 
Phoma exigua and Pythium ultimum. All pathogens tested were sensitive to S-carvone, 
peppermint oil, L-menthone and spearmint oil. R. solani, H. solani, P. erythroseptica, and P. 
infestans were completely inhibited for periods of 1-18 weeks by single continuous treatments of 
S-cavone, peppermint oil, spearmint oil and L-menthone. The effectiveness of mixtures of L-
menthol or peppermint oil and aluminum starch octenylsuccinate (ASOS) on suppressing the 
growth of F. sambucinum and R. solani was tested in vitro. Percent inhibition of F. sambucinum 
by “ASOS + L-menthol” and “ASOS + peppermint oil” decreased over time while the same 
combinations consistently inhibited R. solani. The efficacy of S-carvone, peppermint oil, L-
menthone and spearmint oil against late blight and pink rot was tested on stored potatoes (cv. 
Shepody). All treatments significantly reduced the incidence and severity of late blight and pink 
rot. The best control of late blight was for tubers treated with L-menthone while the best control 
of pink rot was for tubers treated with peppermint oil. The antifungal activities of essential oils 
and their components against all tested pathogens suggest their potential use as alternative tools 
for control of storage potato pathogens. 
 
025 
Wood Ash, A Liming and Nutrient Source for Potato Production Systems.  Porter, GA and 
PC Ocaya, Department of Plant, Soil & Environmental Sciences, University of Maine, Orono, 
ME 04469. 

Wood ash may be beneficial as an alternative to limestone and fertilizer materials.  This 
research was conducted to: 1) study the effects of wood ash on soil fertility and pH; and 2) 
determine the effects of wood ash on yield, quality, and nutrient uptake of potatoes.  The 
experiment was conducted on a loam soil in Presque Isle, ME.  Limestone and ash treatments 
were spread and then surface incorporated.   Russet Burbank potatoes were planted one day after 
application of the following treatments (kg/ha): 1) no lime or ash; 2) 2240 CCE Ag lime; 3) 4480 
CCE Ag lime; 4) 5600 ash; 5) 11200 ash.  The fertilizer rates in kg/ha were 202 N, 168 P2O5 , 



and 202 K2O.  Two additional treatments were included in which the P and K rates were adjusted 
downward to account for expected nutrient content of the ash.   Ash resulted in a more rapid 
increase in soil pH than lime.  After harvest, the ash treatments had higher soil pH, CEC, avail P, 
K, Ca, B, and Zn than the limestone treatments.  Plant stands, foliage vigor, yield, tuber size, 
hollow heart, and external defects were not significantly affected by the treatments.   Specific 
gravity was lowest for the high ash rate when no fertilizer adjustment occurred, but high specific 
gravity was equal to the lime treatments when the ash treatments were combined with reduced 
rates of P and K fertilizer.  Fry color tended to be lightest for the treatments with the highest K 
availability.  Ash increased tuber Ca, K, Mg, and B concentrations.  The results indicate that 
wood ash can be used effectively as a liming and nutrient source in potato systems that utilize a 
scab-resistant potato variety. 
 
026 
Evaluation of alternative fertilizer programs and potato varieties for northeast Florida 
potato production.  Chen ZW and CM Hutchinson. University of Florida. Department of 
Horticultural Sciences, Gainesville, FL 32611-0690 

A two year field study evaluated the influence of alternative fertilizer program and potato 
variety on tuber production, tuber quality, and ground water quality. Treatments were arranged in 
a split plot design with four replicates. Whole plot factor was fertilizer program and sub-plot 
factor was potato variety.  Fertilizer program was a combination of fertilizer source and 
application timing (at fumigation, planting and/or at hilling). Fertilizer treatments were 
ammonium nitrate (AN, 224 and 280 kg N ha-1), polymer sulfur coated urea (PSCU), polymer 
coated urea (PCU), and three liquid urea formaldehyde formulations (UF) with no nitrogen 
control. PSCU, PCU, and UF nitrogen rate was 196 kg N ha-1. Varieties were ‘Atlantic’, ‘Harley 
Blackwell’, and FL2053.  Plants applied with the fertilizer source PSCU and PCU alone or in 
combination with AN produced similar total and marketable yields to plants in the AN source in 
both years (35.7 and 30.4 T ha-1 in 2007; 23.2 and 19.0 T ha-1 in 2008, total and marketable 
yield, respectively). Plants in the liquid CRF program produced significantly lower total and 
marketable yields than plants in the AN treatments. Plants in all treatments produced lower 
yields in 2008 than in 2007 due to heavy rainfall early in the season. ‘Atlantic’ had higher total 
and marketable yields than the other varieties in both years. In 2007, there was no significant 
difference between fertilizer programs for nitrate concentration in the root zone or perched water 
table over the season. However, early in the 2008 season, AN program root zone water samples 
had significantly higher nitrate concentrations under relatively higher leaching potential. 
 
027 
Growth promotion and yield increase of potatoes by new stimulus control technology #3.  
Hayashi, T1, M Thornton2, M Pavek3, P Nolte4, N Olsen5, T Suzuki1, H Mizushima1. 1Kao 
Corporation, 1334 Minato Wakayama, JAPAN 2University of Idaho Parma, ID 83660. 
3Washington State University, Dept of Hort & LA, Pullman, WA 99164, 4University of Idaho, 
Idaho Falls, ID 83402, 5University of Idaho, Twin Falls, ID 83303. 

It was previously reported that uniform adsorption of stearyl alcohol (St-AL) on potato 
crops promotes growth. St-AL application has been shown to stimulate root growth, increase 
photosynthesis rate and improve tuber yield in Japan. Therefore, field trials were conducted 
during 2007 to 2008 at Parma, Aberdeen, Kimberly and Othello with Russet Burbank. Potatoes 
were treated three times every week during the stolon formation stage. The treatments included 



one spray volume (30 GPA) and three concentrations (480, 720 and 1440 ppm). St-AL increased 
tuber number per plant, which resulted in an average 10% U.S. No.1 yield increase in 
comparison to the non-treated control in Parma during the past two years.   The highest 
concentration had the most influence on yield. However, St-AL increased yield by only 3% in 
Othello, and the effect of St-AL on yield in Aberdeen and Kimberly was not significant.  By 
evaluating the growing season length and amount of nitrogen fertilizer used at each location it 
was determined that the best response to St-AL was under conditions of high fertility and long 
growing seasons. Another set of trials was conducted at Parma to clarify an effect of tuber 
number on response to St-AL by evaluating both low and high set varieties. Results indicated 
that the lower the tuber set in the control, the more St-AL tended to increase tuber number. 
 
028 
Seasonal bulking patterns of four potato cultivars in east Idaho.  Bohl, W.H., S.L. Love, and 
T. Salaiz. University of Idaho, 583 W. Sexton St., Blackfoot, ID 83221; (Love and Salaiz) 1693 
S. 2700 W., Aberdeen, ID 83210. 
 Understanding potato tuber bulking patterns is essential for managing water and nutrients 
during the linear tuber-bulking period and for determining an appropriate vine-kill date to 
maximize potato yield each year. Tuber bulking patterns of four potato cultivars were determined 
in a two-year study at the Aberdeen R & E Center, Idaho. Russet Burbank, Russet Norkotah, 
Ranger Russet and Alturas were planted May 1, 2003 and April 28, 2004. Yield samples from 
the center two rows were harvested at two-week intervals beginning July 1, 2003 and July 3, 
2004, and ending September 25, 2003 and September 23, 2004 totaling 147 and 148 days from 
planting to last harvest in 2003 and 2004, respectively. The percent dead vines (stems) was 
determined on the last three harvest dates in 2003 and the last five harvest dates in 2004 by 
visually estimating the number of stems (not leaves) in the plot that were nearly or completely 
dead. Linear bulking rate was calculated by dividing by the number of days between the time a 
cultivar attained 2.2 Mg per ha until it reached its maximum yield minus 2.2 Mg per ha. Each 
cultivar displayed a distinct bulking pattern. However, the linear bulking phase appeared to end 
when the percent dead vines approached 5 to 10 percent for all cultivars. All cultivars produced 
less than 2.2 Mg per ha during the last two-week sampling period from September 9 and 11 to 
September 23 and 25 averaged over 2003 and 2004, respectively. This data strongly suggest that 
the presence of some dead vines is a good indication that bulking rate is declining. Even so, vine 
death is likely not the only factor responsible for tuber bulking. Temperature and/or other 
environmental factors are likely at least partially responsible for bulking rates declining. 
 
029 
Interactive effects of compost tea, fungicide application, and nitrogen rate on the 
performance of two potato cultivars.  Essah, S.Y.C., R.D. Davidson, A. Houser and D.G. 
Holm. Colorado State Univ., San Luis Valley  Research Center, CO  81125, U.S.A. 
 Compost tea (CT) is gaining popularity as an alternative to fungicide in the control of 
foliar disease in crop plants. The objective of this study was to evaluate the interactive effect of 
CT, fungicide, and nitrogen (N) rate on early blight (EB) incidence, tuber yield, and quality of 
potato cultivars Russet Norkotah and Russet Nugget. Field experiments were conducted in 2007 
and 2008 with the treatments arranged in a RCBD with four replications. Fungicide treatment 
included application of Quadris*M45 rotated with Bravo Ultrex and Dithane OptiTM. Fertility 
treatments included N applied at 90 and 134 kg ha-1. CT was applied at the rate of 75 L ha-1. 



Control of EB with CT was generally more effective at the higher N rate. Generally, the control 
of EB with fungicide was not influenced by N rate. For Norkotah, application of CT at the higher 
N rate produced similar marketable (114-454g) tuber yield to yields from fungicide  treated 
plots. No significant difference was observed in tuber specific gravity (SG) when CT or 
fungicide was applied at the higher N rate. For Nugget, marketable tuber yield was reduced by 
21% in 2007 when CT was applied at the higher N rate compared to fungicide treatment. All 
other size distribution groups produced similar tuber yield for the same treatments. In 2008, no 
significant difference was observed in marketable tuber yield between CT and fungicide applied 
at the higher N rate. No significant difference was observed in tuber SG among the treatments. 
Results of this study indicate that CT when applied at the higher N rate can be used as an 
alternative to fungicide application to control EB, and to produce optimum tuber yield and 
quality. 
 
030 
Application of polymer-coated urea (ESN) in potato production in southern Alberta.  
Konschuh, Michele, Ross McKenzie and Francis Zvomuya. Alberta Agriculture and Rural 
Development, Crop Diversification Centre South, 301 Horticultural Station Road East, Brooks, 
AB  T1R 1E6, Canada. 

Environmentally smart nitrogen (ESN) is a polymer-coated urea fertilizer that provides 
slow release nitrogen to growing crops while reducing the risk of losses to leaching and 
denitrification.  ESN and other slow release products are being used effectively in potato 
production systems in North America.  This study was initiated to determine whether ESN is a 
useful N-management tool for processing potato production in southern Alberta.  Various 
quantities of urea and ESN were applied pre-plant and compared with split applications and 
combination treatments to determine the best economic return.  The trial was conducted using 
Russet Burbank potatoes at two sites in 2007 and 2008, and two additional sites are planned for 
2009.  Several treatments using ESN and a combination of ESN and urea resulted in greater 
economic return than the standard treatment.  Producers must be able to realize economic 
benefits that exceed the price premium on ESN over urea fertilizer for this technology to be 
widely accepted. 
 
031 
Tomato translation initiation factor 4E (eIF4E) over-expression to obtain resistance to 
PVY in susceptible potato varieties.  D. Zarka1, K. Zarka1, D. Douches1 and J. Whitworth2.  
1Department of Crop and Soil Sciences, Michigan State University, East Lansing, MI; 2USDA, 
ARS, Aberdeen, ID. 

The Potato Virus Y (PVY) is one of the most economically important potato pathogens 
worldwide. The translation initiation factor 4E (eIF4E) has been implicated in naturally 
occurring resistance to Potato virus Y (PVY) demonstrated by the pvr2 locus in pepper 
(Capsicum annuum) and the pot-1 locus in tomato (Solanum habrochaites). The primary 
objective of this research was to test the tomato pot-1 gene as a source of PVY resistance in 
potato.  A gene sequence identical to pot-1 (AY723736) was recovered from S. habrochaites 
(accession PI247087) genomic DNA by RT-PCR and cDNA amplification using gene specific 
primers. This sequence was subsequently cloned into the binary vector pSPUD4 which contained 
a cauliflower mosaic virus 35S promoter (CaMV 35S) to drive expression of the pot-1 gene. A 
previously cloned potato gene with over 96% sequence identity to the tomato pot-1 gene but 



lacking the signature amino acid changes in key regions known to be associated with PVY 
resistance in pepper and tomato was also sub-cloned into a pSPUD4 binary vector and was used 
in transformations as a control.  Transgenic potato plants containing the tomato or potato eIF4E 
genes have been recovered and will be tested for resistance to PVY. 
 
032 
Characterization of UDP-Glucose pyrophosphorylase isozymes and acid invertase activity 
in potato and their relationship to cold-induced-sweetening within potato market classes.  
Novy, R.G.1, S. K. Gupta2, M. Glynn3, and J.R. Sowokinos4. 1USDA-ARS, Small Grains and 
Potato Germplasm Research Unit, Aberdeen, ID 83210; 2Department of Plant, Soil, and 
Entomological Sciences, University of Idaho,  Kimberly ID 83341; 3USDA-ARS Potato 
Research Worksite, East Grand Forks, MN 56721; 4Department of Horticultural Science, 
University of Minnesota, St. Paul, MN 55108. 

Two enzymes, UDP-Glucose pyrophosphorylase (UGPase) and acid invertase (AcInv), 
have been identified as critical components of the metabolic pathway contributing to cold-
induced-sweetening (CIS) in potato tubers.  UGPase controls the initial formation of sucrose, 
whereas AcInv hydrolyzes sucrose to form the reducing sugars, glucose and fructose.  High 
levels of reducing sugars in the tuber result in darkly-colored product following frying that are 
unacceptable to the consumer and industry.   Potato clones containing A-II isozymes of UGPase 
and/or reduced AcInv activity express resistance to CIS.  One hundred and twenty five breeding 
clones and varieties submitted by breeders from ten potato breeding programs were analyzed for: 
1) the A-II isozymes of UGPase, 2) AcInv activity [basal (with inhibitor) and total (minus 
inhibitor], and 3) sucrose and glucose concentrations following 6 months of storage at 5.5 °C.  
Clones were then categorized according to market classes (russet, red, chipper, specialty) and 
comparisons made between classes with respect to incidence of the A-II isozyme of UGPase, 
AcInv activity, and tuber sugar concentrations.  The results are reported and discussed 
particularly with an emphasis on how the findings influence breeding for resistance to CIS in 
potato. 
 
033 
Impact of seedling transplant selection on the genetic diversity of genebank populations of 
outcrossing potato species.  del Rio, A. H.1 and J.B. Bamberg2 1University of Wisconsin-
Madison, Dept. of Horticulture, 1575 Linden Drive, Madison, WI 53706. 2US Potato Genebank, 
4312 Hwy. 42, Sturgeon Bay, WI  54235. 

The possibility that uncontrolled factors can generate unintentional selection and alter 
genetic diversity represents a major concern at potato genebanks. Thus, standard methods for 
seed regeneration have been set to minimize changes in the integrity of the collections. However, 
even the most meticulous seed multiplication strategy cannot prevent genetic selection if it has 
taken place earlier; for example, when seedlings were transplanted to be grown as seed increase 
parents. This study investigated the possibility of generating genetic drift at the seedling 
transplant step for different outcrossing potato species. Thus, the most vigorous, uniform normal 
(N) seedlings were distinguished from any that were small (S) or otherwise would likely be 
avoided when transplanting the parent plants for seed increase. Seeds of 20 different outcrossing 
species (acl, blb, buk, chc, cmm, grl, ifd, jam, ktz, mcd, mga, opl, phu, pls, pnt, scr, spg, stn, tar 
and tbr) were examined. DNA bulk samples of N and S types within seed lots were compared by 
RAPD markers. The comparative analyses revealed that N and S types were significantly similar; 



the average genetic similarity value was 0.997 (ranging from 0.989 to 1.00). Therefore, 
genebanks’ seedling transplant selection appears to have no significant impact on reducing the 
genetic diversity of the outcrossing potato accessions evaluated. 
 
034 
Premier Russet: A source of strain-specific resistance to Potato Virus Y (PVY).  Ortega, J, S 
Yilma and MI Vales. Oregon State University, Dept. of Crop and Soil Science, Corvallis, OR 
97331, USA. 
 Potato Virus Y (PVY) is one of the most important diseases affecting potatoes 
worldwide. Yield losses due to PVY can be dramatic, up to 80%. In addition, some PVY strains 
cause internal tuber necrosis and subsequent quality losses. Most of the potato varieties grown in 
the U.S. are susceptible to PVY. The Oregon Variety Development Program has introgressed 
durable non strain-specific PVY resistant genes derived from S. tuberosum ssp. andigena 
(Ryadg) and Solanum stoloniferum (Rysto) into advanced potato clones. Premier Russet, a new 
variety released by the Pacific NW Tri-State program, has shown resistance to PVY under field 
conditions but does not contain alleles associated with Ryadg and Rysto suggesting the presence 
of other PVY resistance genes. To confirm the resistance in Premier Russet, we inoculated this 
variety and known resistant and susceptible controls with strains of PVYO, PVYN and PVYNTN 
and evaluated the presence of the virus at 20, 40 and 60 days after inoculation. The ELISA 
results showed that Premier Russet was resistant to PVYO, partially susceptible to PVYN, and 
susceptible to PVYNTN. To determine the genetic basis of PVY resistance in Premier Russet, a 
population segregating for PVY resistance was generated by crossing this resistant cultivar with 
a PVY susceptible parent. The full-sib population was genotyped with polymorphic SSR markers 
and also inoculated with the three PVY strains indicated above. The identification of molecular 
markers linked to this new source of PVY resistance will be useful in developing a marker-
assisted selection protocol to facilitate the development of PVY resistance potato varieties. 
 
035 
Cloning and characterization of a late blight resistance gene (Rpi-bt1) and other resistance 
gene analogs from Solanum bulbocastanum.  McCue, K.F. 1, T. Oosumi2, D.R. Rockhold1, 
K.L. Deahl3 and W.R. Belknap1. 1USDA-ARS, Crop Improvement and Utilization Research 
Unit, 800 Buchanan St., Albany, CA 94530; 2J.R. Simplot Company, Simplot Plant Sciences, 
Boise, Idaho 83706; 3USDA-ARS, PSI Vegetable Laboratory, 10300 Baltimore Ave., Beltsville, 
MD 20705. 

Phytophthora infestans, the causal agent of late blight is the most devastating pathogen of 
potatoes.  Utilizing map based chromosome walking a genomic region containing a cluster of six 
nucleotide binding site-leucine-rich repeat resistance gene analogs was isolated from a bacterial 
artificial chromosome library of the wild potato species Solanum bulbocastanum.  Four genes 
were pseudogenes, with coding sequences interrupted by either frame shift mutations or 
premature stop codons.   However, neither of the two uninterrupted genes when introduced into 
susceptible potatoes conferred resistance to P. infestans.  Specific primers for one of the 
pseudogenes were used to amplify an uninterrupted cDNA from P. infestans-infected S. 
bulbocastanum leaves.  A corresponding gDNA was amplified from a late blight-resistant 
bulbocastanum–tuberosum introgression line (Rpi-bt1) and confirmed to be an S. bulbocastanum 
allele.  The Rpi-bt1 gene under transcriptional control of the potato Ubi3 constitutive promoter 



was found to confer resistance to P. infestans in several transgenic potato lines in a whole plant 
greenhouse assay. 
 
036 
Discussion on somagenetic and epigenetic aspects of potato cultivar conservation and 
propagation.  Li, X.Q.Potato Research Centre, Agriculture and Agri-Food Canada, 850 Lincoln 
Road, P.O. Box 20280, Fredericton, NB, E3B 4Z7, Canada, email: Xiu-Qing.Li@agr.gc.ca 

Potato cultivars, except true seed potatoes, are vegetatively propagated clones; therefore, 
genetic variation in somatic cells can get transferred to seed potatoes or regenerated plants 
derived from the mutated cells. Many studies have led to the conclusion that plant and animal 
genomes vary at certain degree during development and under environmental stresses. This is 
likely because that some stresses often enhance gene transposition, DNA amplification, gene 
conversion, somatic crossover, and chromosomal instability. For example, tobacco, a Solanaceae 
plant, has developmental variation of its genomic DNA. Epigenetic variation such as DNA 
methylation is also sometimes inheritable and can affect the performance of vegetatively-derived 
plants. Although the degree of somagenetic variation (DNA primary sequence variation in 
somatic cells) and epigenetic variation in potato plants is not very clear, performance and 
maturity variation in potato cultivars have been documented. For large scale rapid propagation of 
potatoes, if not for genotype conservation purpose, certain degree of variation may be tolerable 
as long as it does not significantly reduce the yield and product quality of the potato crop. This 
tolerance might permit commercial production of seed potatoes through somatic embryos and 
artificial seed. However, for conservation of the nuclear-stock of a cultivar, somagenetic 
variation should be minimized, unless it is for mutation-based breeding. Conservation of a large 
number of genetic resources collections might sometimes too laborious without the use of a 
stress-induced slow-growth method; but for commercial cultivar maintenance, because the 
reproducibility of the crop performance is critical, it is advisable to use only well tested methods 
and to minimize non-routine stresses. 
 
037 
Marker-assisted selection for potato lines with golden nematode resistance using a high-
resolution DNA melting assay.  Murphy1,A., D. De Koeyer1, S.Wood2, K.Douglass1, T.Dalton1, 
D.Wilson1, and G. Bélair3. 1 AAFC, Fredericton, NB, 2 CFIA, St. John’s, NL, 3AAFC, Saint-
Jean-sur-Richelieu, QC. 
 Golden nematode, (GN, Globodera rostochiensis) has been identified from four areas in 
Canada. Because of the quarantine significance of the pest, in locations where pest has not been 
reported, a marker-assisted selection (MAS) method applied in the absence of the pest is the only 
option to increase the frequency of resistance. 

This project seeks to develop parents with GN resistance and to develop DNA markers 
linked to GN resistance genes to strengthen potato breeding efforts. A high resolution DNA 
melting assay was developed from a marker (TG689) linked to the H1 gene for resistance to the 
GN pathotype Ro1. This assay can detect the presence and dosage of the allele conditioning 
resistance at H1. The HRM assay has been applied to several hundred potato lines to validate its 
association with resistance and predict the resistance to GN.  To date, all progeny possessing the 
H1-linked marker allele and tested for GN reaction have a resistant phenotype.  Progeny without 
the resistant allele may not be susceptible to GN, due to the presence of alternate genes. The 
majority of the clones with the H1-linked allele only contained a single copy.  Selecting potato 
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lines with multiple resistance alleles is important for the development of superior parents within 
a potato breeding program because their use would increase the frequency of resistant progeny. 
The results from the MAS assays will be validated by assessing resistance in field and pot tests 
in infested locations. 
 This research will contribute to the release of GN resistant varieties for commercial 
production in regulated areas. These will also be available to other potato producers for 
preventive use. 
 
038 
Molecular breeding for potato leafroll virus (PLRV) resistance will be facilitated by a 
PCR-based marker closely linked to high levels of resistance in S. tuberosum ssp. Andigena.  
Mihovilovich E., A Velásquez , M Aponte, and M. Bonierbale. International Potato Center 
(CIP). P.O. Box 1558, Lima 12, Perú. 
Potato leafroll virus (PLRV) is one of the most widespread and damaging diseases of potato. 
Effective assessment of resistance requires time consuming field trials replicated over several 
seasons. Major gene inheritance of resistance to PLRV was demonstrated in a parthenogenic 
progeny derived from the highly resistant landrace, LOP-868, from Solanum tuberosum ssp. 
andigena. The tetraploid map of LOP-868 locates this gene to the upper arm of chromosome V, 
at 1cM from AFLP marker E35M48.192. This marker presents two hurdles for easy conversion: 
its extraction from a radioactive gel, and the small size of the band, (192 bp) to optimally design 
PCR primers. Bulk segregant analysis with 11 primer combinations identified a new AFLP 
marker, P13M34.453, at 2cM from the Rladg locus. It was present in all 129 resistant 
parthenogenotes and absent in all but three of the 37 susceptible ones. The marker was found in 
two additional andigena accessions as resistant as LOP-868, and absent in 25 bred clones from 
CIP’s lowland tropics virus resistant population with PLRV resistance from tuberosum 
background. It was present in one, out of 16 bred clones from CIP’s late blight resistant 
population with known andigena genetic background. The low frequency of this linked marker 
will facilitate the introgression and tracking of this novel gene in breeding populations. Offspring 
with high levels of PLRV resistance could be selected with high confidence in crosses with any 
of these three andigena sources of resistance, as soon as the single locus PCR-based marker is 
developed. 
 
039 
The BioPotato Network –  A new network for research on potato-based bioproducts.  Tai, 
H. and Pelletier, Y. Agriculture and Agri-Food Canada, Potato Research Centre, P.O. Box 
20280, Fredericton, NB, Canada E3B 4Z7 

A group of 32 scientists from the government, universities and industries across Canada 
have joined forces to form the BioPotato Network. The network is co-led by Drs. Yvan Pelletier 
and Helen Tai of the Potato Research Centre of Agriculture and Agri-Food Canada, and is 
funded by the Agricultural Bioproducts Innovation Program (ABIP).  The focus is to develop 
potato-based bioproducts that are beneficial to human health and to the environment.  The 
network will look to take advantage of the wide range of unique and beneficial characteristics of 
the potato, which make it the fourth most cultivated crop in the world. Research will be 
conducted using human health indicators to find and extract potato bioactive compounds that are 
beneficial to those with immune system disorders, neurodegenerative diseases, heart disease and 
stroke.  Development of potatoes for those with carbohydrate-reduced diets is also targeted. Food 



researchers in the BioPotato Network will develop palatable health-targeted functional food and 
nutraceutical potato products.  Research will also be devoted to the development of 
environmentally-friendly potato starch-based bioplastics and other industrial bioproducts using 
potato starch including application for pharmaceuticals and food processing additives. The 
BioPotato network also aims to examine biological compounds from leaves of potato and related 
species that can provide alternatives to currently used pesticides. Research will also be done to 
develop advanced molecular tools for selection and breeding of new potato varieties that can be 
used for production of new bioproducts. 
 
040 
Forecasting organic potato demand.  Greenway, Gina, 1 Guenthner, Joe,1 Makus, Larry,1 and 
Pavek, Mark,2 1Department of Agricultural Economics & Rural Sociology, University of Idaho, 
Moscow ID 83844-2334, 2Department of Horticulture, Washington State University, Pullman, 
WA 99164 

Retail sales of organic foods have been increasing at a steady pace. Changing consumer 
tastes and preferences have provided market opportunities for organically grown food products, 
including potatoes.  An econometric model was developed to analyze the impacts of  price, 
consumer income, body mass index, price of other starchy foods, price of complementary meat 
and vegetable products, organic penetration rate, the number of whole foods stores, and region of 
the United States on the quantity of organic potatoes consumed.  The model was then used to 
forecast quarterly quantities of organic potatoes demanded in the United States for years 2008 
through 2013.  Average annual growth rates of organic potato consumption per capita were 
estimated at 19.4 percent over the forecasted six year period. Elasticity calculations suggest 
unitary demand elasticity with respect to own price, and highly elastic demand with respect to 
income. 
 
041 
What’s happening with PVMI?  Debons, J., PVMI Bend, OR, 97702. 

Since its inception in 2005, the Potato Variety Management Institute (PVMI), a non-
profit, grower controlled company, has been marketing and administering new potato varieties 
coming out of the Tri-State Breeding Program.  Created by the Potato Commissions of Idaho, 
Oregon, and Washington states with initial financial contributions from each of them followed 
by USDA Value Added Producer Grants, PVMI has now licensed over 120 seed growers in the 
US, Canada and overseas. In the last fiscal year $70k in royalties were collected from seed sold 
and in 2008 there were over 5,300 acres in the US of PVMI Tri-State seed grown.  Since its 
beginning PVMI has collected $300k in licenses and royalty fees with two thirds of this being 
from outside the Tri-State region. 

PVMI’s promotional efforts have increased the awareness of the new varieties as well as 
provided added value to seed growers in the form of specific variety management information 
from the Tri-State Program to enable them to be more successful when planting.  When one of 
the new varieties becomes widely established, Classic Russet for example, the framework now 
exists to collect and return revenue to the breeding program.  By seeking PBR and registration in 
Canada at the same time PVP is applied for in the US, a royalty stream from Canada will 
emerge.  PVMI also works with industry and end users to expedite the commercialization and 
marketing of the new varieties.  PVMI is a means to return the large investment required by the 
Tri-State breeding program to develop new varieties.  Several new varieties have been recently 



recognized for reduced input requirements (water and nitrogen), high protein content, low 
reducing sugars, disease resistance and spectacular yields.  For more information see 
www.pvmi.org . 
 
042 
Comparative effects of triazole and suicide substrate inhibitors on ABA-8'-hydroxylase 
enzyme activity and endogenous ABA content of potato tubers.  Suttle, JC1 and SR Abrams2. 
1USDA-ARS Northern Crop Science Lab, 1307 18th St. N, Fargo, ND 58105; 2Plant 
Biotechnology Institute, NRC Canada, 110 Gymnasium Place, Saskatoon, SK, Canada S7N 
0W9. 
 The ABA content of plant tissues is determined by the net balance between synthesis and 
catabolism. The principal route of ABA catabolism in potato tubers is the oxidation of the C-8 
methyl group to form 8-hydroxy-ABA which spontaneously rearranges to phaseic acid (PA).  
The C-8 oxidation reaction is catalyzed by the microsomal P450-containing enzyme:  ABA-8'-
hydroxylase.  In potato, this enzyme is encoded by a small family of StCYP707A genes of which 
at least four are expressed in tubers.  When expressed in yeast, three of the CYP707A proteins 
exhibited ABA-8'-hydroxylase activity but varied three-fold in their affinities toward the 
substrate ABA. In addition to blocking gibberellin biosynthesis, triazole growth retardants have 
been reported to inhibit ABA metabolism.  More recently, a series of ABA analogs with reactive 
side chains has also been reported to inhibit ABA metabolism in corn seedling extracts.  In this 
report, the efficacies of both triazole and substrate-based chemistries to inhibit the in vitro and in 
vivo metabolism of ABA were determined and compared to their effects on ABA and ABA-
metabolite content of potato microtubers.  The identification of highly active ABA-8'-
hydroxylase inhibitors with in planta activity will provide an important tool to manipulate 
endogenous ABA content and elucidate the role of ABA in tuber physiology. 
 
043 
The effect of vine kill and harvest date on tuber skin set, respiration rate and tuber sugars.  
Paul C. Bethke and James S. Busse, USDA ARS and University of Wisconsin, 1575 Linden 
Drive, Madison, WI, 53706, USA. 

Potato tuber development follows a genetically programmed progression from tuber 
initiation to maturation. Most grower activities nurture this process, but vine kill and harvest are 
exceptions that have the potential to affect the quality of the crop. Experiments conducted for 
two years determined the effect of harvest date and vine kill treatment on the physiology and 
processing quality of potato tubers stored for up to 12 weeks. Russet Burbank potatoes were 
grown in central Wisconsin using standard procedures for planting, fertilization, irrigation, and 
pest management. Tubers were harvested in late July before vines had begun to senescence, in 
mid-August when limited senescence was observed, and in September after complete natural 
senescence. Vines were either killed with diquot two weeks prior to the first two harvests or were 
left untreated. Data were collected at harvest and in storage for skin set, respiration rate, and 
tuber glucose and sucrose. Skin set at harvest increased with vine kill treatment at the early 
harvest date, but not at the middle harvest date. Significant, persistent differences in respiration 
rates and sugar profiles were observed for tubers from the different treatments. In particular, the 
early harvest/vine killed treatment resulted in tubers with respiration rates that were elevated 
relative to those from the other treatments. Tubers harvested in July after vine kill had lower 
tuber bud-end glucose than tuber harvested without vine kill treatment, but stem-end glucose 
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values were comparable. Across treatments, tuber sucrose or glucose content six weeks after 
harvest was a poor predictor of tuber glucose content twelve weeks after harvest. 
 
044 
Dehydroascorbate reductase and its function in ascorbate synthesis and recycling in potato 
tubers.  Sivaramakrishnan, V.P1, G. Wang-Pruski1, and D.M. Hodges2. 1Nova Scotia 
Agricultural College, PO Box 550, Truro, NS Canada B2N 5E3. 2Agriculture and Agri-Food 
Canada, 32 Main Street, Kentville, NS Canada B4N 1J5. 

Decreased ascorbate content has been shown to be associated with declining quality of 
postharvest fruits and vegetables. One of the primary roles of ascorbate is to scavenge active 
oxygen species, a process which leads to the oxidation of this compound.  The enzyme 
dehydroascorbate reductase (DHAR) is needed to re-reduce ascorbate back to its antioxidant-
active form. The effect of DHAR on the redox ratio of ascorbate as well as total ascorbate 
content was studied using model plants generated by the enhanced expression of DHAR gene 
activity. The DHAR gene was characterized in the potato genome and cloned into the plant 
expression vector pCAMBIA. The gene was then introduced into potato var. Bintje using an 
Agrobacterium tumefaceians mediated T-DNA transfer method. Six transformed plants were 
confirmed by PCR and GUS staining. The expression levels of the DHAR gene were tested using 
real-time quantitative RT-PCR methods. DHAR activity of potato tubers increased 2.8- to 6-fold 
in different transformants compared to the control plants. Furthermore, our results suggest that 
the total and reduced ascorbate levels also increased in the transformed potato tubers, though the 
ratio of oxidized:reduced ascorbate remained unchanged relative to that of the control plants. The 
outcome provides new information on the impact of altering DHAR’s activity which could be 
used for enhancing postharvest quality of potatoes and other horticultural crops. 
 
045 
Darkening of fry colour in response to CO2 + ethylene is dose-related.   Daniels-Lake, B.J. 
and R.K.Prange, Agriculture and Agri-Food Canada, Atlantic Food and Horticulture Research 
Centre, 32 Main St., Kentville, NS  Canada  B4N 1J5.  

Ethylene gas (0.5 µL•L-1) plus elevated CO2 (2 kPa) together in the storage atmosphere 
has been shown to darken fry colour.  Trials were conducted over two storage seasons, using 
‘Russe t Burbank’ tubers, to examine the effect of various concentrations of these gases.  
Factorial combinations of CO2 (0, 0.5, 1.0 or 2.0 %), and ethylene (0, 0.25 or 0.5 µL⋅L-1) were 
applied continuously for 9 weeks, in two consecutive trials each year.  Fry color was evaluated at 
the start of each trial and at 3-week intervals.  The fry color of tubers exposed to CO2 without 
ethylene was not significantly darker than the control.  When ethylene was applied alone the fry 
color was darker than the control in a dose-related manner, and when CO2 and ethylene were 
applied together the colour was still darker, as has been reported previously.  However, a dose-
related response to both gases was observed.  When both gases were present, fry color darkened 
as the concentration of either CO2 or ethylene was increased.  Application of both gases at the 
highest concentration resulted in the darkest color among all treatments.  Neither a saturation nor 
a threshold concentration was apparent for either gas in these trials.   
 
046 
Development of early and late blight under different cropping systems and irrigation 
management.  Olanya, O.M.1, C.W. Honeycutt1, R.P. Larkin1, T.S. Griffin2, Z. He1 and J. 



Halloran1. 1U.S. Department of Agriculture, Agricultural Research Service; New England Plant, 
Soil and Water Laboratory; Orono, ME.  2Tufts University; Boston, MA. 

Crop and soil management may influence development and control of early and late 
blight; however, their effects are not well documented. From 2006-2008, we evaluated the 
effects of cropping system and irrigation on incidence and severity of early and late blight of 
potato, and on microclimatic parameters that influence disease development. Early blight was 
determined by visual assessment of symptoms in Status Quo (SQ), Soil Conserving (SC), Soil 
Improving (SI), Disease Suppressive (DS), and continuous potato (PP) cropping systems under 
both irrigated and rainfed management. Microclimatic data were recorded with a data logger at 
canopy level and used to predict late blight potential. Early blight incidence, severity, and lesion 
numbers varied among cropping systems and years. Disease incidence ranged from 31-64% 
(2006), 12-43% (2007), and 8-43% (2008), and was significantly higher in PP compared to DS, 
SQ, SC, and SI systems. In the same years, the number of lesions per plant ranged from 14-26, 
11-36, and 2-14, respectively. Microclimate was not significantly correlated with early blight, 
implying the variables measured had little effect on pathogen development. Late blight potential 
was not significantly influenced by soil, crop and water management systems, as fungicides were 
uniformly applied across experimental treatments. This research demonstrates that cropping 
systems can affect disease development and control as evident by greater early blight levels in 
continuous potato compared to other systems. 
 
047 
Low pH and Calcium levels increase infection severity of Phytophthora erythroseptica in 
Russet Norkotah potato roots.  Geary, B. Benson, J. Hopkins, B.G. Jolley, V.D. Miller, J.S. 
and Stevens, M.R. Brigham Young University 263 WIDB, Provo, Utah 84602 

Phytophthora erythroseptica is a fungus that causes pink rot in potatoes, which is 
responsible for substantial pre- and post-harvest tuber losses. Pink rot is often prevalent in areas 
where soils are saturated, contain low lying water, and in storage facilities. Multiple factors such 
as plant nutrition, temperature, pH, and cultivar susceptibility contribute to yield loss. It has been 
observed in potato fields of Eastern Idaho that tubers grown in low pH soils have higher P. 
erythroseptica infection than tubers from higher pH soils. Calcium (Ca) has been associated with 
the development of several plant diseases; typically increased Ca improves plant health by 
decreasing disease severity. Russet Norkotah potatoes were grown hydroponically in association 
with P. erythroseptica at either pH 5, 6, 7, and 8, or they were grown at pH 5 with either 3, 86, 
172, and 343 mg Ca L-1. Infection was assessed by quantitative RT-PCR. The highest 
concentration of P. erythroseptica was observed at pH 5.0, however treatments pH 5.0, 6.0, and 
7.0 were not significantly different from each other but they were significantly larger than pH 
8.0. A significant increase in P. erythroseptica was observed at 3 mg Ca L-1 when compared to 
the other three Ca levels. Calcium at 86 mg L-1 was not significantly different than 172 mg L-1 
but was significantly higher than 344 mg L-1. P. erythroseptica concentration at calcium levels of 
172 and 344 mg L-1 were not significantly different from each other. The lowest P. 
erythroseptica concentration was associated with 343 mg Ca L-1. 
 
048 
Development of a detection method for potato wart fungus, Synchytrium endobioticum, 
using surface plasmon resonance and molecular probes.  Bratcher, A.R. and Connell, L.B.  
University of Maine, Orono, ME, 04469. 



 Synchytrium endobioticum, potato wart fungus, infests susceptible potato cultivars, 
developing fibrous warty growths on tubers and root systems and rendering crops inedible. The 
fungus can remain dormant and viable in the soil for over 40 years and is very difficult to 
eradicate; infected fields must be tested for viable spores for years. It is extremely important to 
detect the presence and restrict entry of the organism into uninfected regions since its spread 
could have a substantial economic impact on the agricultural industry. Currently, the most 
advanced form of detection is microscopic identification by highly trained and skilled personnel, 
which is labor-intensive and costly. However, DNA detection is very specific and can be assayed 
within minutes. Our research focuses on DNA detection using PNA probes and surface plasmon 
resonance (SPR). PNA are short-sequenced DNA mimics where the negatively charged sugar-
phosphate backbone is replaced by a neutral peptide chain. PNA probes have a very high 
discrimination for mismatches, are resistant to protease and nuclease degradation, and will 
hybridize in low salt concentrations, making them well-suited for use in field settings. SPR is a 
label-free, optical detection method that measures the change of refractive index of a gold 
surface after binding (hybridization) of the target sequence to probe. A field-compatible SPR 
instrument has been developed with collaborators in Seattle, WA, to detect S. endobioticum 
using this method. Preliminary results have shown very good discrimination between negative 
control PNA probe and S. endobioticum-specific PNA probe. Current work focuses on the ability 
to regenerate the sensor surfaces for use in multiple tests and determining minimum detection 
limits. 
 
049 
Development of a field-deployable bioassay based on gold nanoparticle aggregation for the 
detection of potato wart fungus, Synchytrium endobioticum.  Duy, J. and Connell, L.B. 
University of Maine, Orono, ME, 04469. 

The obligate parasite Synchytrium endobioticum is a soil-borne chytridiomycete that 
infects susceptible potato cultivars.  Potato plants develop unsightly warty growths on tubers, 
which renders crops unmarketable.  The fungus develops thick-walled resting sporangia which 
remain viable for years in infested soil. These plots are “scheduled” and agricultural cultivation 
is suspended for years.  The pest is endemic in the Netherlands and parts of Canada, and must be 
restricted from entering uninfected regions since its spread could have a substantial economic 
impact on the potato industry. 
Infested plots are checked periodically over years to determine the number of disease-causing 
sporangia in the soil.  Current testing methods rely on microscopic identification by skilled 
trained personnel and take about 1 day to complete, followed by bioassays which require weeks 
to obtain a result.  A quick, easy, and inexpensive method of detecting the presence of S. 
endobioticum in field samples is proposed by using hybridization-induced gold nanoparticle 
aggregation. Gold nanoparticles functionalized with two separate thiolated probes (1.5 µM final 
concentration) were mixed and changed color from dark red to purple within 5 minutes after the 
addition of target DNA down to 196 nM. Microliter probe volumes are used and the test is 
performed at room temperature, eliminating the need for expensive equipment, reagents, and 
rinsing. 
 
050 
Comparison of two evaluation techniques for assessing susceptibility of potato genotypes to 
Phytophthora erythroseptica.  Fitzpatrick Peabody, E., McCain Foods USA, Inc., Easton, ME 



04740 and D.H. Lambert, University of Maine, Department of Plant, Soil, and Environmental 
Sciences, Orono, ME 04469. 

Recently published reports of pink rot (Phytophthora erythroseptica - Pe) susceptibility 
in cultivars are based on evaluation techniques involving detached tubers and nontuber 
germplasm rather than field evaluations.  Screening detached tubers excludes the stem-stolon 
pathway by which most (Pe) infections occur.  Trials in Maine from 2004 to 2007 evaluated over 
thirty cultivars for both field and tuber inoculation resistance to Pe.  Overall, incidence of Pe rot 
in the field trials was highest in the red skinned cultivars in comparison to other cultivars 
evaluated.   Of all the cultivars, Red LaSoda (21.4%) and Russet Norkotah (19.9%) were the 
most susceptible.  Russet type cultivars included the susceptible Goldrush (16.9%), those 
moderately resistant - Ranger Russet (9.6%) and Russet Burbank (6.9%), as well as one 
demonstrating resistance Gem Russet (1.1%).  For white type cultivars, Shepody (16.3%) was 
susceptible while Kennebec (4.8%) and FL-1867 (4.4%) had reasonable resistance.  The white 
type cultivars, though variable, showed the most resistance, particularly Snowden (1.5%), 
Atlantic (0.8%), and Pike (0.3%).  The four cultivars demonstrating the most resistance were all 
1st to 3rd generation progeny of Lenape (B5141-6), although this cultivar was only moderately 
resistant. Tuber inoculations based on an in-vitro assay using zoospore suspensions did not 
always correspond closely to field conditions and failed to identify some cultivars having high 
levels of resistance under normal growing conditions. 
 
051 
Local and regional diversity in Streptomyces species causing common scab in North 
America.  Wanner, LA,  USDA/ARS Genetic Improvement of Fruit and Vegetables Laboratory, 
Beltsville, MD 20705. 

Common scab of potato and other tuber/root crops, caused by a complex of soil bacteria 
in the genus Streptomyces, is one of the most important potato diseases in North America. 
Knowledge of the pathogen is fundamental to understanding and alleviating plant disease. To 
learn what species are found in common scab lesions in North America, more than 1400 isolates 
were made from scabby potato tubers obtained from multiple locations across the continent, as 
well as from multiple sites in close geographic proximity. Most potentially pathogenic isolates 
belonged to four species previously associated with common scab, S. scabies, S. europaeiscabiei, 
S. stelliscabiei, and a recently-described group that has been called IdahoX. Small numbers of S. 
acidiscabies, S. turgidiscabies and six additional ribotypes (potentially species) were also found. 
S. europaeiscabiei was most common in the west and S. scabies predominated in the Midwest. 
Beyond this geographic trend, species distribution was patchy.  Often, a single species 
predominated in a field while neighboring fields had different species.  Genetic variation within 
species was also evident. Local and regional genetic variation was seen when isolates were 
genotyped for repetitive sequence element patterns, reflecting the conserved or core genome, and 
for genes characteristic of the Streptomyces pathogenicity island, reflecting flexible components 
of the Streptomyces genome.  We conclude that common scab is caused by a diverse and 
dynamic Streptomyces community. This is the largest survey to date of the distribution of 
common scab-causing species. The collection of Streptomyces isolates is a resource for 
population biology studies and for tracing the evolutionary history and spread of common scab-
associated Streptomyces. 
 
052 



Maximizing greenhouse-grown minituber yields using controlled release fertilizers.  Becky 
R. Hughes and Candy N. F. Keith, New Liskeard Agricultural Research Station, University of 
Guelph, Box 6007, New Liskeard  ON Canada P0J 1P0.  

Controlled release (CR) fertilizers are used in traditional greenhouse crop systems to 
supply nutrients over the life of the crop with one application. Nutrients are released over a 
defined period based on the release type and temperature.  Four potato cultivars were grown in a 
low-volume soilless minituber-production system in the greenhouse in 2005, 2006 and 2007.  
Two types of a CR fertilizer were added to the regular liquid fertilizer program at two rates. The 
effect on yield (number and weight of tubers) and tuber size varied with cultivar and year.  In 
2005, all CR treatments increased the weight of minitubers produced by Shepody and Yukon 
Gold compared to the control.  As the tuber number was not significantly affected, tuber size was 
increased with these treatments. The results were similar for Shepody in 2006 and 2007.  
Different CR treatments were superior in different years.  The results for Yukon Gold in 2007 
were similar to 2005, however yields were not increased with the addition of CR fertilizer in 
2006. The addition of CR fertilizer to the regular liquid program also did not significantly 
increase any of the yield parameters for Calwhite and Goldrush in 2005 or 2006.   In 2007, the 
addition of CR fertilizers increased the weight and tuber size of minitubers produced for both 
these cultivars.  The addition of CR fertilizer tended to increase yields for the four cultivars in 
this trial dependant on the year and cultivar.  In almost all cases, increases in yield were 
attributable to increases in extra large and/or large tubers.  Caution must be exercised as the 
results are cultivar dependant and similar treatments with the cultivar Kennebec have resulted in 
significantly reduced yields. 
 
053 
Effects of rate and timing of maleic hydrazide on sprout development of Russet Burbank in 
storage.  Olsen, N., L. Woodell and M.J. Frazier, University of Idaho, PO Box 1827, Twin Falls, 
ID 83303. 

Sprout control in storage is vital for maintaining potato quality in long-term storage. One 
component of a sprout control program can be the use of foliar applied maleic hydrazide (MH). 
The objectives of this study were to evaluate the impact of rate and timing of MH applications on 
sprouting and processing quality for long-term storage of Russet Burbank.  Russet Burbank 
potatoes were grown at Kimberly, ID for 2 years and MH rates of 9.4 and 12.4 L/ha were 
compared. Harvested potatoes were stored at 7.2°C and evaluated monthly for sprout 
development. Two additional years of research evaluated timing of application (3 and 5 weeks 
prior to vine kill) and storage at 8.9°C. Processing quality attributes were made and comparisons 
were made to non-treated and chlorpropham treated potatoes. In general, regardless of MH rate, 
the length of time until defined dormancy break was extended by approximately 30 days with 
MH application compared to no treatment.  Sprout development as measured by sprout weight 
per tuber was severely retarded with MH applications. Comparing rates of MH did not indicate 
differences in sprout development and quality. Sprout weight was 6 to 16 times greater in the 
non-treated potatoes compared to the MH treated potatoes after 9 months in storage. Application 
timing influenced the effectiveness of MH on sprout control and earlier applications resulted in 
greater sprout retardation compared to later applications. No significant differences in processing 
quality were observed with the two MH timing treatments. Results demonstrate the usefulness of 
incorporating MH into overall sprout suppression programs utilizing chlorpropham, clove oil or 



other sprout control agents for long-term storage although timing of MH application will be 
important to maximize efficacy. 
 
054 
Canada-Brazil: export/import evaluation of sprouts for seed-potato minituber production.  
Souza-Dias, J.A.C de1 ; B. Daniels-Lake2; L.J. Mikitzel3; C.M. Meo4; S.Bley5; K. 
Schoemaker6;S.M.Borges7. 1APTA/IAC/ CPDFitossanidade, 13020-902 – Campinas, SP 
(Brazil),2 Agriculture Canada, Kentville, NS; 3- NB Agric&Aquac. Wicklow NB; 4NPiccin M&S, 
SP; 5Werhmann Agr., GO ; 6Terra Viva Agr., MG ; 7S.Soczek Agr., PR.  
 Building on preceding collaborations (Souza-Dias & Campbell, AJPR, 8:61, 2005; 
Souza-Dias, et al. 17th Trien. Conf. EAPR 2008, Brasov, RO, Prog & Abst.:184-187), evaluation 
of the sprout/seed-potato exporting system has continued. In May 2007, sprouts of cv. Atlantic 
(ca.40 cm length, 2,5 g/sprout) were detached from Elite I class seed tubers, wrapped in paper 
towelling and black plastic, packed in cardboard cartons and shipped from New Brunswick, 
Canada to Sao Paulo, Brazil via courier. Delivery took 4 days, including Brazilian phytosanitary 
inspection. On arrival the sprouts appeared fresh and Elisa evaluation at IAC found no viruses or 
soil borne pathogens. The sprouts were planted by 4 tissue-culture minituber producers, in 
potting substrate with fertigation and either as whole sprouts coiled into the pot base or as 2-node 
cuttings. Sprouts produced 2,5-6,0 minitubers of 2-6 cm diameter. The minitubers were stored in 
a cold room for 4-5 months before planting.  Field performance was similar to tissue-cultured 
and imported minitubers. Results were also similar to previous trials using sprouts shipped from 
Alaska.  In 2008, sprouts were shipped via postal air-express, but a postal strike in Brazil 
prevented delivery.  For producing/exporting countries facing challenges in fuel vs. food land 
use, the sprout/seed-potato system may be a viable new export product from pre-basic seed-
potato stocks.   
 
055 
Response of a Russet potato cultivar to phosphorus and seed spacing management.  Essah, 
S.Y.C., R.D. Davidson, and D.G. Holm. Colorado State Univ., San Luis Valley  Res. Center, CO  
81125 
 Studies have shown that potato cultivars respond differently to phosphorus (P) 
fertilization and seed spacing (SS). The objective of this study was to evaluate the effect of P 
application rate, timing, application method, and SS on tuber yield, quality, and petiole P 
concentration of CO95086-8RU, an early russet. Nine P fertilizer treatments compared P rates of 
112, 168, and 224 kg P ha-1, P banded at planting vs. split applications at planting and hilling, 
and, liquid and dry form of P broadcast at hilling. SS treatments included planting at 30.5, 35.5, 
and 40.5 cm. P application rate, application timing, and application method significantly 
influenced tuber size distribution. P applied at 112 kg ha-1 pre-plant (treatment 1) and at a 
combination of 112 kg ha-1 pre-plant and 56 kg ha-1 as liquid and 56kg ha-1 as dry formulation at 
hilling produced more marketable size (114-454 g) tubers and less culls (<114 g), compared to 
all other treatments. Tuber size distribution was skewed towards the medium size (114-284 g). P 
management did not influence tuber specific gravity (SG). For treatment 1, petiole P 
concentration ranged from 0.46% on July 8 to 0.21% on August 4. SS significantly influenced 
tuber size distribution but not total tuber yield. Seed planted at 35.5 and 40.5 cm spacing 
produced less culls and more marketable and medium size tubers, when compared to the 30.5 cm 
treatment. Seed planted at 40.5 cm spacing produced more large marketable size tubers than the 



30.5 and 35.5 cm treatments. The higher yields observed for the 40.5 cm treatment was due to 
the production of more tubers. Data from these studies strongly indicate that for maximum tuber 
yield and quality of CO95086-8RU, P should be applied at the rate of 112 kg ha-1 pre-plant, at a 
seed spacing of 40.5 cm spacing. 
 
056 
The role of disease-suppressive rotation crops in the management of soilborne potato 
diseases.  Larkin, R, W. Honeycutt, M Olanya, R. Lynch, and T. Griffin. USDA-ARS New  
England Plant, Soil, and Water Laboratory; Orono, ME 04469. 

The use of rotation crops with potential disease-suppressive properties have been 
evaluated for their efficacy in reducing persistent soilborne diseases and enhancing crop 
productivity in various field trials over the last several years in Maine. Rotation crops assessed 
included several with biofumigation potential, such as Brassica spp. (canola, rapeseed, radish, 
turnip, various mustards and mustard blends) and sorghum-sudangrass hybrids, as well as other 
small grain and grass crops (barley, buckwheat, ryegrass, and winter rye), and were evaluated as 
full-season crops, green manures, and fall cover crops in 2- and 3-yr cropping systems. Although 
results varied somewhat from field to field and year to year, consistent reductions in soilborne 
diseases were observed with several rotations. Canola and rapeseed rotations consistently 
reduced black scurf and common scab by 30-80% relative to other 2-yr rotations. Canola and 
ryegrass rotations, and rapeseed and mustard green manures, reduced powdery scab by 15-50% 
in various trials. One season of a mustard blend and sorghum-sudangrass green manure crop 
reduced Verticillium wilt (early dying) by 20-25% in a severely infected field, and also 
significantly increased tuber yield. A 3-yr disease-suppressive rotation featuring mustard blend 
and sudangrass green manures reduced all observed soilborne diseases by 20-50% compared to 
other 2- and 3-yr rotations.  Addition of a winter rye cover crop after most rotations further 
reduced diseases by 10-20%. This research demonstrated that effective rotations can 
substantially reduce soilborne disease problems, but cannot completely control them. Good 
rotation strategies should be used in conjunction with other crop and soil management 
approaches to achieve more sustainable crop production. 
 
057 
Effect of the preceding crop on nitrous oxide emissions during the potato year in two-year 
potato rotations.  Emily Snowdon1, Bernie Zebarth2, David Burton1, Jack Trevors3 and Claudia 
Goyer2 1Nova Scotia Agricultural College, Truro, NS; 2Potato Research Centre, Agriculture and 
Agri-Food Canada, Fredericton, NB; 3University of Guelph, Guelph, ON. 

The objective of this study is to determine the effect of the preceding crop on N2O 
emissions during the potato year of two-year potato rotations through the effect of the preceding 
crop on soil carbon and nitrate availability and soil aeration. Preceding crops grown in 2007 were 
corn, canola, soybean, Italian ryegrass, potatoes, barley and red clover. In 2008, all plots were 
planted to Russet Burbank potatoes, receiving 193 kg N ha-1. For preceding red clover and barley 
crops only, additional potato plots were established which received 0 kg N ha-1. Weekly 
measurements of N2O and CO2 flux were completed in the hill, non-compacted furrow, and 
furrow compacted by wheel traffic. These results represent preliminary data collected from 1 
May 2008 until 15 July 2008. For potato plots which received 193 kg N ha-1, cumulative N2O 
emissions over the measurement period were approximately 4 times greater for preceding 
ryegrass and red clover (average 1.16 kg N2O-N ha-1) compared with all other preceding crops 



(average 0.29 kg N2O-N ha-1 ). Cumulative CO2 emissions over the measurement period were 
higher for potato plots with preceding ryegrass and red clover (average 2.00 t CO2-C ha-1) when 
compared with all other preceding crops (average 1.58 t CO2-C ha-1). For plots with a preceding 
barley crop, N2O emissions were increased by N application and were highest from the hill, and 
lowest from the compacted furrow. This preliminary data suggests that the selection of rotation 
crop in two-year potato rotations can have a significant effect on N2O emissions in potato 
production. 
 
058 
PVY: an old enemy and a continuing challenge.  Crosslin, J.M.  USDA-ARS, 24106 North 
Bunn Road, Prosser, WA 99350, USA. 
 Potato virus Y (PVY), first described in 1931, is an economically important pathogen of 
potatoes and occurs worldwide. PVY also infects tomato, tobacco, and pepper.  Virus particles 
are long, flexuous rods and the genome consists of a single RNA molecule of about 9,700 bases.  
PVY is nonpersistently transmitted by a number of aphid species.  Aphids rapidly acquire and 
transmit PVY so insecticide applications do not control spread of the virus.  Initial infections are 
often by infection of the “seed” tubers.  Many strains of PVY exist and these produce different 
symptoms in their hosts.  The ordinary strain (PVY-O) produces mosaic in potato and tobacco 
whereas tobacco veinal necrosis strains (PVY-N) cause systemic necrosis in tobacco and milder 
potato symptoms.  Sub-types of the necrotic strains have been described, including those that 
cause potato tuber necrosis (PVY-NTN).  Strains with characteristics of both PVY-O and PVY-
N have been called PVY-N:O or PVY-N-Wilga.  Evidence suggests that the necrotic strains are 
becoming more prevalent.  The genomes of many PVY isolates have been sequenced and 
analyses show many genetic variants exist.  This genetic variability has underscored the 
difficulties in the naming of PVY strains.  Since insecticides do not control the spread of PVY 
other means are necessary to minimize losses.  The most import method is planting seed tubers 
with low virus incidence and this is the goal of seed certification agencies.  Genetic resistance to 
PVY has been found in some potato relatives including Solanum stoloniferum and S. tuberosum 
ssp. andigena.  Unfortunately, few commercial cultivars contain the Rysto or Ryadg genes for 
resistance.  In the following symposium, we are going to hear presentations from several PVY 
experts that will address the progress and challenges relating to this important potato pathogen 
 
059 
Historical aspects of the Potato virus Y nomenclature.  Rudra P. Singh, Agriculture and Agri-
Food Canada, 850 Lincoln Road, Fredericton, NB, Canada, E3B 4Z7 

Symptoms in potato cultivars were the only criterion for naming diseases and viruses in 
the late 1920’s resulting in such disease names as crinkle, top-necrosis, pseudo-net necrosis, 
interveinal and rugose or simple mosaic.  By 1931, three studies had separated the components 
of rugose mosaic, but it was the use of algebraic symbols of X and Y to distinguish the 
components, which launched an ‘alphabetic’ nomenclature of potato viruses. Crinkle became 
virus A, top-necrosis viruses became B and C, pseudo-net necrosis became D and continued to 
PVYZ. The X and Y components became the origins of Potato virus X and Potato virus Y and 
subsequently becoming the type member of two viral ‘genera’.  The next phase of potato virus 
studies on virus resistance in cultivated potatoes showed the inheritance of dominant, monogenic 
resistance against some potato viruses in the form of hypersensitive resistance response 
becoming the basis of the strain group concept of PVY. A PVY group causing veinal necrosis 



symptoms in tobacco but no hypersensitive resistance response in potato swept through potato 
and tobacco fields, reappearing in the 1980’s as a new strain with tuber ringspot necrosis 
phenotype in addition to tobacco veinal necrosis. The availability of DNA-technology to 
determine the nucleotide sequences of the RNA changed the playing field once again. The 
findings of recombinant sequences of different strains in PVY molecule re-ignited the 
smoldering naming-sprit of virologists to an unacceptable height in the form of acronyms. To 
slowdown the plethora of acronym assignment with an ever changing nature of PVY-pathology a 
proposal on an international level has been made. It is hoped that a more systematic investigation 
and characterization of PVY from potato at biological and molecular levels should result in a 
biologically meaningful genetic strain concept. 
 
060 
Recent research progresses on Potato virus Y in Canada.  Xianzhou Nie, Potato Research 
Centre, Agriculture and Agri-Food Canada, P.O. Box  20280, 850 Lincoln Road, Fredericton, 
New Brunswick, E3B 4Z7, Canada. 

Significant progress has been made in recent years in understanding pathological, 
serological and molecular properties of various strains of PVY. PVYO and PVYN appear to be 
the basic strain groups. Through genome recombination between these two groups, progeny 
groups whose genome possess one (e.g., PVYN:O or PVYN-Wilga) to three (e.g., recombinant 
PVYNTN or European-PVYNTN) recombinant joints of PVYO and PVYN emerged. PVYN:O causes 
PVYN-like veinal necrosis in tobacco, but reacts to PVYO-specific antibody. PVYNTN causes 
potato tuber ringspot diseases in sensitive potato cultivars, and PVYN-like necrosis in tobacco 
plants, and reacts to PVYN-specific antibody. Through single nucleotide mutation(s), non-
recombinant PVYNTN (or North American PVYNTN) also emerged from PVYN. It is also 
noteworthy that PVYN isolates originated from North America and Europe may have evolved 
separately; and to date all the recombinant strains appear to be progenies of Eu-PVYN and 
PVYO. Several RT-PCR-based methodologies have been developed to characterize, genotype 
and detect various strains of PVY. A field survey revealed that PVYN:O has become a 
predominant isolate in certain regions of North America, including Manitoba, Canada,  at least 
partially due to its PVYO-serotype. In a collaborative research with colleagues in China, two 
forms of PVYNTN-like isolates, one possessing the three typical recombinant joints (RJ) at the 
HC/Pro-P3, the 5’ end of VPG gene and the 3’ end of CP gene whereas the other having similar 
RJs 1 and 2 but a different RJ3 located at the 5’ end of CP gene, were identified. The former 
reacted to PVYN-specific antibody, whereas the latter reacted to PVYO antibody. An improved 
multiplex RT-PCR has been developed to facilitate the detection of various recombinant isolates.  
 
061 
The seed potato inspection and virus research in China.  Yanju Bai1, Xianzhou Nie2, 
Xuezhan Li1, Yanling Gao1, Guoquan Fan1, Wei Zhang1, Hongwei Geng1, Weiting Liu1. 
1Supervision and Testing Center for Virus-free Seed Potatoes Quality of Ministry of Agriculture, 
368 Xuefu Road Nangang District, Harbin, P. R. China�2Potato Research Centre, Agriculture 
and Agri-Food Canada, P.O. Box 20280, 850 Lincoln Road, Fredericton, New Brunswick, 
Canada E3B 3Z7 

Two national inspection centers under the Ministry of Agriculture were created a decade 
ago and are responsible for seed potato certification in China. In addition, several universities 
and research institutes have also been accredited for the inspections. Farmers are only becoming 



aware of the concept of seed potato certification in recent years. Although the acreage and total 
production of potatoes for China are on the top for the world, the yield is lower than average in 
comparison to other countries largely due to the lack of high quality seeds. The benefits of using 
certified seed potatoes have gradually been recognized by large producers as well as farmers. 
China is currently modifying the existing national standards for seed potatoes to further improve 
potato productions as well as potato imports and exports. Virus survey in seed potatoes has been 
carried out in various parts of China by the national inspection centres since 2003. PVY and PVS 
are the most common viruses nationwide, followed by PLRV and PVX. In 2008, we started to 
investigate the strain status of PVY in China. Both PVYO and PVYN have been found in various 
fields, and the ratio of PVYN and PVYO is about 1:1. Using RT-PCR based strain differentiation 
and genotying, one isolate has been identified as a recombinant PVYNTN. The assessment was 
further confirmed by bioassay using potato cv. “Yukon Gold”. Field survey in Heilongjiang 
Province has found approximately 60 tubers with necrotic ringspots, presumably caused by 
PVYNTN. Further tests are underway. 
 
062 
Sequencing the North American collection of Potato virus Y isolates: applications to 
identification of disease determinants and strain differentiation.  Alexander V. Karasev1, 
Xiaojun Hu1, and Stewart M. Gray2.  1University of Idaho, Moscow, ID 83844-2339; 2USDA-
ARS, Cornell University, Ithaca, NY 14853 

Potato virus Y (PVY) is re-emerging as a serious and an immediate threat for the U.S. 
potato production and international trade. Recent studies have identified an explosion of genetic 
and biological diversity in the PVY population leading to a widespread distribution of damaging 
necrotic variants that were recently considered absent in North America. Nevertheless, the 
population structure, recombination potential, and pathogenicity of PVY strains in different 
environments and in prominent potato varieties remain poorly understood. During a 3-year 
survey of PVY diversity in all U.S. and Canadian seed potato production areas, more than 4,000 
PVY isolates were collected and analyzed by multiplex RT-PCR to determine a molecular 
genotype, by enzyme-linked immunosorbent assays using a panel of monoclonal antibodies to 
determine a serotype, by bioassays on tobacco and potato to determine a necrosis phenotype. All 
of this information was used to categorize isolates into strain groups. We have initiated a large-
scale effort to sequence a minimum of 1,500 isolates that represent multiple individuals within 
each of the distinct strain groups. This sequence information will facilitate delineation of PVY 
symptom determinants, and development of unique tools to address genomic diversity, 
phylogeny and evolution of PVY strains. 
 
063 
Sources and effectiveness of PVY resistance in IHAR’s breeding research.  Zimnoch-
Guzowska, E. Plant Breeding and Acclimatization Institute (IHAR), 05-831 Mlochów, 
Platanowa 19, Poland  

Resistance to Potato virus Y, PVY is one of the most important resistance traits in seed 
and ware potato production. Recent decades yielded enormous variation of the PVY population. 
Since 2004 rapid increase of the PVYNTN was noted in potato fields and last year this strain 
reached in Poland 66%. The field resistance to PVY is of polygenic nature and is present in 
majority of grown cultivars, while resistance related to localization of infection, expressed as HR 
or ER is governed by the major dominant genes. Our breeding for PVY resistance was initiated 



in early 1950-ties within a program for development of the parental lines with multiple 
resistances to viruses. At first, resistance to PVY infection was introduced in our program. In the 
course of time the resistance to infection was replaced by extreme resistance governed by the 
single, dominant gene Rysto from  S. stoloniferum. Two independent sources of Rysto gene were 
utilized in the program: Rysto associated with male sterility originated form MPI and Ry-fsto fertile 
originated from VIR, Rusia. The gene Ry-fsto provides comprehensive resistance to all known 
strains of PVY and PVA and was mapped to chromosome XII. We developed CAPS marker 
GP122 tightly linked to resistance gene and successfully used for identification of cultivars 
expressing ER to PVY. Nowadays this marker is used for MAS. Recently the novel, 
hypersensitivity gene Ny-1 found in cv. Rywal was mapped to chromosome IX. Expression of 
HR was temperature –dependent. In Poland out of 140 registered cultivars, 21 are extremely 
resistant (scored as 9 in 1-9 scale). In majority they originate from IHAR parental lines. Seven 
cultivars express HR (scored as 8) and 21 express resistance ranged 7.5-8. These groups of 
cultivars are field resistant to PVY and they don’t cause any problems in seed production. We 
monitor reaction of all registered cultivars to four PVY strains: PVYO, PVYN, PVYNTN and 
PVYNW. Several mid resistant cultivars vary in sensitivity to the PVY strains. 
 
064 
Overexpression of pepper eIF4E allele pvr12 confers broad spectrum resistance to Potato 
virus Y in potato. Kari W. Perez1, Byoung-Cheorl Kang2, Joyce Van Eck3, Sandra Austin-
Phillips4, Stewart Gray5, Molly M. Jahn6. 1Department of Plant Breeding and Genetics, College 
of Agriculture and Life Sciences, Cornell University, Ithaca, NY 14853, USA; 2Department of 
Plant Science, College of Agriculture and Life Sciences, Seoul National University, Seoul 151-
742, South Korea; 3Boyce Thompson Institute for Plant Research, Cornell University, Ithaca, NY 
14853, USA; 4University of Wisconsin Biotechnology Center, University of Wisconsin-
Madison, Madison, WI 53706, USA; 5Department of Plant Pathology, Cornell University, Ithaca, 
NY 14853, USA; 6College of Agricultural and Life Sciences, University of Wisconsin-Madison, 
Madison, WI 53706, USA. 

In this study, we over-express four alleles of the naturally occurring pepper potyvirus 
resistance gene pvr1, which has been found to confer broad spectrum potyvirus resistance in 
transgenic tomato. Russet Burbank lines overexpressing the pvr12 or the pvr11 allele from pepper 
were resistant to at least one of the four predominant strains of PVY found in the US: PVYN, 
PVYWi-N, PVYO, and PVYNTN. The majority of pvr12 lines were resistant to all strains of PVY 
screened and plants grown from tubers of these inoculated plants were completely virus free. 
pvr11 plants grown from tubers of inoculated plants were virus free in nearly all cases. 
 
065 
Controlling PVY in seed: what works and what doesn’t.  Davidson, R.D., A. J. Houser, K. 
Sather and R. Haslar.  Colorado State University, SLV Research Center, CO 

Potato Virus Y has again emerged as one of the primary pests of potatoes in North 
America.  While difficult to manage, the PVY complex has taken on a whole new level of 
importance with the recent emergence of the PVYN and PVYN:O strains along with the usual 
PVYO strains. Additionally, several cultivars have been released and are widely grown which 
express symptoms to PVY in a latent manner and show increased transmission of the virus into 
seed stocks.  Certification schemes have long been utilized to control virus diseases.  Under the 
current situation, however, programs have been struggling to get a handle on this problem.  



Specific strategies to manage this disease include use of strict disease tolerances, roguing of 
infected plants, production practices such as field and/or lot isolation, manipulation of planting 
and killing dates, timely insecticide applications and border cropping, as well as cultivar 
resistance.  Use of limited generation greenhouse material has demonstrated minimal 
effectiveness in keeping PVY infection low within one to two years of initial field growth. 
Roguing has not been effective in reducing the population of PVY infected plants in latent 
cultivars such as Russet Norkotah.  Mechanical spread of PVY under certain environmental 
conditions has been observed in Colorado.  Aphid control has been largely ineffective in 
stopping late season infections.  Planting and killing date manipulation has demonstrated some 
effect in controlling spread as have isolation of seed lots from infected stocks and growth of 
resistant cultivars.  Utilizing strict tolerances has not been effective in controlling spread of PVY, 
especially for re-certification, but has allowed growers to maintain reasonable levels of PVY in 
seed stocks used from commercial production. 
 
066 
Disease management in organic production of certified seed potatoes.  Genger, R.K., Rouse, 
D.I., and A.O. Charkowski. Department of Plant Pathology, University of Wisconsin-Madison, 
Madison WI 53706 USA. 

Organic potato growers in the Midwest face a shortage of organically grown certified 
seed potatoes, and limited access to certified seed potatoes for preferred varieties including 
specialty potatoes. In Wisconsin, the aphid- and tuber-borne disease Potato Virus Y (PVY) is the 
most significant disease in seed potato production. We conducted field trials in 2007 and 2008 to 
test the feasibility of certified seed potato production under organic management, focusing on 
PVY incidence. In the 2007 trials, we found that at three of six organic farms, all lots of potatoes 
harvested from trial sites met certification standards, with the majority having no detectable 
PVY. At two of the remaining three farms, the majority of lots (85% and 93%) met certification 
standards. Both farms had virus-infected plants in a nearby potato field. At the final farm, which 
is within the main Wisconsin potato growing region, only 36% of lots met certification 
standards. Harvested tubers were screened for a range of other pathogens, visually and using an 
oligonucleotide macroarray. Surface defects due to common scab and silver scurf were sufficient 
to affect certification in some cases. Trials conducted at four locations in 2008 included control 
strategies including borders and live mulch. Collection of virus data from 2008 field trials is 
ongoing, but for one of two completed locations, virus levels in harvested potatoes are well 
below the threshold for certification. In both years, tubers from sites that are isolated from 
commercial potato production have shown no, or low levels of virus, indicating that organic 
production of certified seed potatoes is feasible in the Midwest. 
 
067 
Seed transmisssible pospiviroids from ornamental plants potentially threatening seed 
potato production.  Rudra P. Singh1, Andrea Dilworth1, Mathuresh Singh2. 1Agriculture and 
Agri-Food Canada, Potato Research Centre, 850 Lincoln Road, Fredericton, NB, Canada E3B 
4Z7; 2Agricultural Certification Services, 1030 Lincoln Road, Fredericton, NB, Canada E3B 8B7 

Recently, pospiviroids like Chrysanthemum stunt (CSVd), Citrus exocortis (CEVd), 
Iresine (IrVd), Potato spindle tuber (PSTVd) and Tomato chlorotic dwarf (TCDVd) have been 
described from symptomless ornamental plants like Brugmansia, Impatiens, Petunia, Solanum, 
Verbena and Vinca in many countries. Some of these plants in Canada are distributed as rooted 



cuttings or as seed mainly from the US. Periodical surveys of local nurseries in Canada have 
shown that CSVd, CEVd and TCDVd are present in many trailing plants and ground covers. 
Recent attempts to detect these viroids in ornamentals plants and seeds involved collections from 
nurseries and distributing companies. CEVd was recovered in 19 seed samples representing 8 
varieties of Impatiens and 11 varieties of Verbena. Seed transmission rates of 66 and 28% were 
observed in Impatiens and Verbena, respectively. TCDVd was detected in cuttings of Vinca 
minor, a widely used ground cover. TCDVd from Vinca minor was shown to be seed 
transmissible (45-80%) in tomato seeds. CEVd from Impatiens and Verbena and TCDVd from 
V. minor transferred to potato cultivars Shepody, Russet Burbank and Jemseg caused a variety of 
severe plant symptoms and spindly, misshapen cracked tubers, amounting to absolute yield loss. 
With exception of IrVd, all viroids mentioned above are seed-borne increasing the possibility of 
accidental transmission of these viroids to greenhouse tomato and potato plants if grown in close 
proximity. Viroids isolated from ornamental plants are 96-99% identical in nucleotide sequences 
to viroids described from crop plants. 
 
068 

Interception of two unknown potato viruses at the USDA-APHIS Plant Germplasm 
Quarantine Program.  J. A. Abad, C. Loschinkohl, M. Smither, J. Pack, USDA APHIS PPQ 
PHP RIPPS, Plant Germplasm Quarantine Program, Bldg. 580, BARC- East, Powder Mill Rd., 
Beltsville, MD 20705 

While testing seedlings germinated from botanical potato seed accessions imported from 
South America, two viruses were detected, each in a different accession. These detections were 
possible through the use of molecular and biological testing procedures.  Seedlings from 
accession 23 showed severe upper leaf deformation and necrosis, whereas accession 79 seedlings 
showed necrosis and wilting in the lower leaves. Tests for both isolates included: mechanical 
inoculations onto 14 indicator plants, ELISA and RT-PCR for most of the known isometric 
viruses affecting potatoes.  Isolate 23 was not mechanically transmitted in several attempts, yet it 
infected healthy potato plants via grafting. Tubers harvested from infected plants did not show 
any symptoms. However, plants grown from such tubers showed strong necrosis, leaf 
deformation and rugosity (‘frog’ skin) as secondary symptoms. By contrast, isolate 79 was easily 
mechanically transmitted to seven different species of indicator plants.  In Nicotiana clevelandii, 
isolate 79 showed local and systemic necrotic rings three days after inoculation with infectious 
sap. In Nicotiana tabacum cv. Samsum, isolate 79 showed local necrotic rings and very 
distinctive systemic necrotic lines seven days after inoculation. Semi-purification of both isolates 
yielded small isometric particles for both isolates which were observed using electron 
microscopy. Double stranded RNA (dsRNA) analysis uncovered two viral species in isolate 23; a 
top 4 kb and a bottom 1.3 kb fragment. Cloning and sequencing for both isolates are in progress.  
Both viruses are potentially dangerous seed-transmissible pathogens infecting potatoes which 
were intercepted by the Plant Germplasm Quarantine Program, thus preventing the introduction 
of putative unknown foreign potato pathogens into the USA. 
 
069 
Relationship  among Bactericera cockerelli Sulc population , abnormal tuber sprouting, 
internal tuber discoloration and the presence of Candidatus Liberibacter psyllaurous in 
potato fields grown in Toluca, Mexico.  Oswaldo A. Rubio-Covarrubias1, I. H. Almeyda-León, 



R. Lobato-Sánchez and M. A. Cadena-Hinojosa. 1National Institute for Forestry Agricultural and 
livestock Research (INIFAP), Conjunto SEDAGRO, Metepec Estado de Mexico, CP 52140. 

Abnormal tuber sprouting (no sprouts or hair sprouts) and internal tuber discoloration 
(zebra chip) are some of the symptoms of an emerging potato disease that is constraining the 
potato production in Mexico, Southwest of USA and Central America. This disease has been 
associated with the potato psyllid Bactericera cockerelli Sulc.  With the objective of enlightening 
the causes of this disease, in 2007, a study was carried out on 8 commercially grown potato plots 
which were located in an altitudinal transect from 2600 masl to 3500 masl in Toluca, México. 
Population dynamics of the psyllid Bactericera cockerelli was determined by weekly sampling 
of the adult insects in sticky yellow traps. At the end of the growing period, potato tubers were 
sampled in each plot and stored for 6 months. After this time, the tubers with abnormal sprouting 
were counted and the presence of Candidatus Liberibacter psyllaurous was determined by PCR 
analysis. Results indicate that as the population of the potato psyllid decreased with the 
temperature, which was determined by altitude, the percentage of abnormal sprouting also 
decreased from 92% in the site at 2600 masl to 19% in the site at 3500 masl. It was observed that 
11% of the tubers with normal sprouts, 36% of the tubers with hair sprouts and 58% of the tubers 
without sprouts presented internal tuber discoloration. The 54% of the tubers with abnormal 
sprouting were positive to Candidatus Liberibacter psyllaurous. Results indicate that this 
bacterium may be the principal causal agent of the disease. 
 
070 
Zebra chip, an emerging potato disease in North and Central America, is associated with 
the potato psyllid and Candidatus Liberibacter.  Munyaneza, J.E. and J.M. Crosslin. USDA-
ARS, Yakima Agricultural Research Laboratory, 5230 Konnowac Pass Road, Wapato, WA 
98951, and USDA-ARS, Vegetable and Forage Crops Research Unit, 24106 N. Bunn Road, 
Prosser, WA 99350, USA.  

Zebra chip (ZC) is an important and emerging potato disease that is causing millions of 
dollars in losses to the potato industry in the southwestern United States, Mexico, Central 
America, and most recently New Zealand. ZC is characterized by symptoms that develop in 
tubers and that consist of a striped or stained pattern of necrosis. Chips and fries processed from 
infected tubers are commercially unacceptable. The disease often leads to abandonment of entire 
potato fields. The exact causal agents and vectors of ZC were unknown. However, recent studies 
conducted in the United States, Mexico, and New Zealand showed that ZC is associated with a 
previously undescribed species of Candidatus Liberibacter vectored by the potato psyllid, 
Bactericera cockerelli. Our recent field studies showed that not all the potato psyllid populations 
induce ZC and that the non-ZC inducing psyllid populations are liberibacter-free. Also, results of 
our transmission studies to determine liberibacter acquisition and inoculation access period by 
the potato psyllid to effectively transmit this plant pathogen and induce ZC will be presented.  
Development of potential effective management strategies for the potato psyllid to reduce 
incidence of this emerging and damaging disease in potatoes is underway and will be discussed. 
 
071 
The effect of Potato Virus Y (PVYo) infection on yield and plant disease symptoms in five 
varieties of potatoes.  Hardy, W 1., R. Coffin1, M.Crane1, M. Webber1, M. Singh2 and R. 
Singh3.1 Cavendish Farms, PO Box 3500, Summerside, PEI, C1N 5J5 2 Agr. Certification 
Services, Fredericton, N.B., 3AAFC, Fredericton, N. B. 



Russet Burbank, Shepody, Russet Norkotah, Gemstar Russet and CalWhite varieties were 
propagated in a virus nursery, for three years until plants were 100% infected with PVYo. 
Replicated plots were planted with virus-free seed and seed with complete infection of PVYo. 
Virus symptoms were visible, for roguing purposes, in all varieties with the easiest-to-see in 
Russet Burbank, and progressively less visible in Shepody, Russet Norkotah, Gemstar Russet 
and CalWhite. Reflectance spectrophotometry in the field documented distinct differences in 
light reflection, on a variety basis, between infected and non-infected plants. In plots planted 
with 100% infected seed, plants in all varieties died earlier than in healthy plots.  Total biological 
yields declined in all varieties from PVY infection, on a percentage basis of infected vs. clean 
giving 42% in Russet Burbank, 61% in Shepody, 67 %in CalWhite, 47% in Russet Norkotah and 
60% in Gemstar. Tubers from infected plots generally displayed a smaller size profile with lower 
specific gravities.  In other trials, applications of mineral oil to foliage gave suppression in the 
transmission of PVY in one year but did not provide reduction in another year. In replicated 
plots, transmission of PVY to virus- free Russet Norkotah occurred more extensively than Russet 
Burbank. Based on ELISA and PCR evaluations, Russet Norkotah had 25% of tubers infected 
after one season compared to 15 % for Russet Burbank. In side by side replicated plot islands, 
aphid counts in plants were approximately two-fold higher in Russet Norkotah compared to 
Russet Burbank. 
 
072 
Presence of  PVYN-Wi  and NE-11 isolates of Potato virus Y (PVY) in Brazil.  Figueira, A.R.; 
Galvino, S. B.F.; Geraldino, P. S.; Rabelo Filho, F. A. C.; Camargos, V. N.; Department of Plant 
Pathology, Federal University of Lavras, C.P. 3037, 37200-000- Lavras-MG-Brazil. 

Brazil is highly dependent of seed potato imports, because of its climate, that allows the 
occurrence of a high population of virus vector all over the year. Therefore, the introduction of 
new strains and their genetic variants have been often observed. Several Potato virus Y (PVY) 
isolates were collected and studied at the Plant Pathology Department from the Federal 
University of Lavras – MG – Brazil, in the year 2007-2008. Nine of them, which showed 
different biological properties, were chosen and tested with primers which have been recently 
developed to detect variants Wilga, NA and NE-11. Three PNYNTN (PVY-AST, PVY-AGA and 
PVY-MON) and four PVYN isolates (BRE-EM, LUM-CE, LAV-CL and MFE-AG) were 
collected in the state of Minas Gerais and two PNYNTN isolates were from São Paulo - Brazil. 
The RT-PCR tests using primers specific for Wilga, allowed to amplify a 4.115 pb fragment in 
LAV-CL and MFE-AG isolates. Using the primers for NA, a typical band with 648 pb were 
amplified in PVY-AST, PVY-AGA and PVY-MON isolates. The specific primers NE-11 
amplified a 978 pb band for the isolates PVY-AGA and PVY-MON. Probably the PVY-AST 
isolate presents another type of variability, which can be checked only by the complete 
sequencing of its genome. It is the first time that the isolates Wilga, NE-11 and NA of PVY are 
described in Brazil. It shows the high vulnerability of countries like Brazil, which need to import 
seed potato, since it is almost impossible to  create an efficient phytosanitary barrier to avoid 
virus introduction through the tubers used for propagation. 
 
073 
Characterization and mapping of the potato leafroll virus (PLRV) resistance gene, Rlretb,  
derived from Solanum etuberosum.  Novy, R.G.1, J.L. Whitworth1, and K. Kelley2. 1ARS, 



Small Grains and Potato Germplasm Research Unit, Aberdeen, ID 83210; 2AgraServ, Inc., 2565 
Freedom Lane, American Falls, ID 83211, USA 

Potato leafroll virus is a major pathogen of potato.  Infection of potato can result in 
substantial reductions in yield as well as tuber quality due to the expression of net necrosis.  
PLRV-infected potato plants also are superior hosts for green peach aphids relative to non-
infected plants.  Therefore, control of PLRV can also have positive benefits for reducing aphid 
populations that can vector potato virus Y (PVY) and other non-persistently transmitted potato 
viruses.  Solanum etuberosum, a wild relative of cultivated potato, is highly resistant to PLRV as 
well as other potato diseases and insect pests.  PLRV resistance derived from S. etuberosum has 
been expressed in four generations of backcross progeny, which is unique in that the majority of 
PLRV resistances reported in the literature are described as having complex inheritance with 
poor transmission across generations.  The inhibition of the systemic spread of PLRV from 
infected foliage to tubers appears to be the major component of the observed PLRV resistance. 
Resistance to PLRV was mapped to chromosome 4 using RFLP and CAP markers and was given 
the designation Rlretb.   Relative to potato or tomato, inter-chromosomal translocations were 
identified between chromosomes 4 and 9 in S. etuberosum.   These chromosomal translocations 
within the E-genome of S. etuberosum and their impact on identifying molecular markers useful 
for marker-assisted selection for Rlretb are discussed. 
 
074 
Chlorogenic acid in potatoes: its functions for total antioxidant capacity and tuber quality. 
Wang-Pruski, G. Nova Scotia Agricultural College, PO Box 550, Truro, NS B2N 5E3 Canada 
 Chlorogenic acid is a polyphenol consisting of caffeic and quinic acids.  It is the major 
phenolic secondary metabolite in potato tubers, making up to 90% of the total phenolics. Our 
previous work has shown that the total antioxidant capacity in the white or creamy white 
varieties is not necessarily lower than in the coloured varieties.  This is mostly due to their higher 
content of non-coloured antioxidants, namely vitamin C and polyphenols. Chlorogenic acid is a 
major antioxidant in potato tubers.  In addition to its antioxidant capacity, chlorogenic acid is 
associated with other plant physiological activities, such as plant defense mechanisms against 
pathogens, after-cooking darkening, tuber aging during storage, and sensory properties of the 
processed products.  This report will give an overview of chlorogenic acid in potatoes, its 
antioxidant capacity and its contribution to potato tuber quality.  The author will also outline the 
genetic control of its biosynthetic pathway and genes and some of the key environment factors 
that regulate the overall concentration of chlorogenic acid in tubers. 
 
075 
Identification of quantitative trait loci for after-cooking darkening.  De Koeyer, D.1, K. 
Douglass1, A. Murphy1, L. Nolan2, and G. Wang-Pruski3. 1Potato Research Centre, Agriculture 
and Agri-Food Canada, 850 Lincoln Road, Fredericton, NB, Canada E3B 4Z7; 2Faculty of 
Forestry and Environmental Management, University of New Brunswick, Fredericton, NB, 
Canada; 3Department of Plant & Animal Sciences, Nova Scotia Agricultural College, Truro, NS, 
Canada. 
 After-cooking darkening (ACD) of potato tubers is a critical quality trait for fresh market 
and processing sectors of the potato industry.  A diploid population comprised of 138 F1 hybrids 
was characterized for ACD and other traits in six environments. The population was genotyped 
using simple sequence repeat and high-resolution DNA melting (HRM) markers.  A linkage map 



was generated and used for quantitative trait loci (QTL) analysis.  Four major QTL regions were 
detected on chromosomes 2, 4, 6, and 10.  The QTL on chromosome 2 was identified in all six 
environments and explained between 16 and 47% of the phenotypic variation. Other QTLs were 
localized for maturity, tuber shape, and pollen viability. This study represents the first use of 
HRM markers for mapping in potato.  The identified QTLs for ACD have confirmed the role of 
chlorogenic acid biosynthesis genes and have also suggested that genes in the anthocyanin 
biosynthesis pathway may be important for this trait.  Dosage-sensitive HRM markers linked to 
ACD QTLs will be useful for breeding potatoes with low ACD. 
 
076 
The effects of overexpression of a calcium-binding peptide on yield, calcium content, and 
internal heat necrosis of ‘Atlantic’ potato.  1McCord, P.H., G.C. Yencho1, B.R. Sosinski1, and 
D. Robertson2.  1North Carolina State University Department of Horticultural Science, Campus 
Box 7609, Raleigh, NC 27609.  2North Carolina State University Department of Plant Biology, 
Campus Box 7612, Raleigh, NC 27609. 
 Internal heat necrosis, or IHN, is a physiological disorder of potato tubers that may be 
alleviated by increased tuber calcium.  However, establishing a clear association between 
calcium and IHN has been elusive.  We utilized a transgenic approach to test this association. 
‘Atlantic’ potato was transformed via Agrobacterium tumefaciens with a construct containing a 
maize calreticulin-derived calcium binding peptide (CBP), under the control of a 35S promoter.   
This peptide has been shown in Arabidopsis to increase bioavailable calcium and to increase 
tolerance to drought and salt stress.   To test the effects of the 35S:CBP construct on IHN, 
transgenic and wild-type plants were grown under mild heat stress conditions in the NCSU 
Phytotron.  Transgenic lines generally had higher yields than the wild type.  Levels of IHN in 
transgenic tubers were equal to or higher than wild-type tubers, contrary to expectations.  In 
addition, preliminary measurements suggest that overexpression of CBP results in lower tuber 
and higher leaf calcium.  Although further research is needed, including field trials, these data 
imply that increased bioavailable calcium is translocated to the leaves, at the expense of tuber 
calcium levels, and that decreased tuber calcium is associated with increased levels of IHN.   We 
will report the results of additional measurements of tuber and leaf calcium, as well as the results 
of quantitative PCR assays of CBP expression and transgene-induced silencing of native 
calreticulin genes. 
 
077 
Gene activity profile and pathway selection for starch-sugar inter-conversion in cold stored 
and reconditioned potatoes 
Li X.Q.1, C.A. Xu1, A. Haroon1, X. Liu1,2, R. Griffiths1,3, J.Z. Yuan1, A. Gaudin4, D. De Koeyer1, 
C. Rothwell3, V. Gustafson3, S. Regan5, B. Flinn3,6, R. Schafleitner4, M. Bonierbale4, B.T. Song2, 
J. Liu2, C.H. Xie2, and F.M. Meng7. 1Agriculture and Agri-Food Canada, Fredericton, NB, 
Canada; 2Huazhong Agricultural University, Wuhan 430070, China; 3Solanum 
Genomics\BioAtlantech, Fredericton, NB, Canada; 4International Potato Center (CIP), La 
Molina, Lima 12, Peru; 5Queen’s University, Kingston, ON, Canada; 6Institute for Advanced 
Learning and Research, Danville, VA, USA; 7University of New Brunswick, Fredericton, NB, 
Canada. Correspondence: Xiu-Qing.Li@agr.gc.ca 

Harvested potatoes are usually stored under cold conditions for consumption at a later 
date. A warm-up treatment (reconditioning) of about two weeks is required for lowering sugar 

mailto:Xiu-Qing.Li@agr.gc.ca


levels prior to industrial processing of the potatoes for fries and chips. Despite the progress in 
identifying genes and enzymes involved in cold-induced sweetening, it is still not clear about the 
pathway selection and regulatory mechanisms for starch-sugar inter-conversion in cold-stored 
and reconditioned tubers. Our team has studied starch-sugar conversion in harvested potatoes 
using EST, real-time RT-PCR, microarray, high resolution DNA melting, and enzymatic analysis 
approaches. Shepody and several other cultivars were used in the analysis. It was found that low 
sugar content is associated with either low basal activity of invertase or a strong inhibition of 
invertase. The key genes of invertase and invertase inhibitors have been tentatively identified at 
the level of gene expression activity correlated with sugar content. We will discuss the advantage 
and disadvantage of each technical approach and discuss pathway selection and its regulation 
mechanisms at the gene expression and enzyme levels in cold stored and reconditioned tubers. 
 
078 
Comparative transcriptome profiling of diploid potato clones with variation in maturation 
timing. Tai, H., De Koeyer, D., Goyer, C., and Murphy, A. Agriculture and Agri-Food Canada 
Potato Research Centre, P.O. Box 20280, 850 Lincoln Rd., Fredericton, N. B., Canada E3B 4Z7 

Potato maturation timing is an important agronomic trait that is regulated by both 
endogenous and exogenous controls.  Cultivation of potato germplasm in temperate regions 
requires adaptation to long-days.  In this study we compare the transcriptomes of diploid potato 
clones, 12120-03 (early maturing) and 07506-01 (late maturing)  Young leaflets 1-1.5 cm in 
length was sampled from three replicates of the two clones 11 weeks after planting.  Gene 
expression analysis was done using the 44K 60-mer POCI arrays.  A t-test was used to identify 
1954 genes showing significant differences in gene expression at a significance of p0.005.  
Genes were clustered using self-organizing maps. Functional annotation analysis of genes 
showing higher expression in the late maturing clone 07506-01 indicates that protein 
biosynthetic processes and photosynthesis are increased in this clone compared to early maturing 
clone 12120-02.  Clone 12120-02 shows higher expression of genes with functional annotation in 
leaf and shoot development, DNA repair and programmed cell death. These results are consistent 
with clone 07506-01 maintaining metabolic functions at 11 weeks where early maturing clone 
12120-02 is entering senescence. Analysis of individual genes show that blue light photoreceptor 
crytochrome 1b is expressed higher in 12120-02 indicating that differences in light responses 
may play a role in early maturation in potato.  Interestingly, the CONSTANS-interacting protein 
5, which is involved in flower timing, is expressed higher in late maturing 07506-01.   These data 
indicate that day length sensing mechanisms may differ between early and late maturing 
potatoes. 
 
079 
Genetic variations for tolerance to salinity stress and for the mitigation of salinity-induced 
injury by calcium in potato cultivars.  Badran, Ayman E. and Jiwan P. Palta. Department of 
Horticulture, University of Wisconsin, Madison. 1575 Linden Drive, Madison WI 53706, USA. 

Several greenhouse and field studies have provided evidence for adverse impact of 
salinity on potato plant growth and tuber production. Some studies have utilized in vitro shoot 
culture to study the influence of NaCl stress on potato plants. There is also some evidence for the 
mitigation of salinity stress injury by calcium. However, data on precise role of calcium in 
mitigating salinity induced injury is limited. We investigated the genetic variation for salinity 
stress (NaCl) using in vitro shoot cultures among major cultivars namely Russet Burbank, 



Atlantic, Dark Red Norland, Snowden and Superior. For this purpose shoot cultures were grown 
in MS media supplemented with 30, 40 or 50mM NaCl in the presence and absence of CaCl2 up 
to 10mM. In general, NaCl presence in the media reduced both root and shoot growth. However 
there were significant cultivar variations for this NaCl response. Dark Red Norland and Atlantic 
were much more sensitive to NaCl stress than the cultivars Superior, Russet Burbank and 
Snowden. The presence of CaCl2 reduced injury due to NaCl. However, this mitigation of NaCl-
induced injury by CaCl2 was cultivar dependent. Our results suggest that there are genetic 
variations among major cultivars for: (i) injury by NaCl stress; and (ii) mitigation of NaCl injury 
by CaCl2.These results suggest that it is possible to select for tolerance to NaCl stress and 
furthermore, it appears possible to select for ability to mitigate NaCl injury by CaCl2. The fact 
that CaCl2 mitigated NaCl induced-injury, demonstrates that toxic effect of Cl- on plant is cation 
dependent. 
 
080 
The importance of the behaviour of the vector in PVY transmission.  Pelletier, Y. and X. 
Nie.  Potato Research Centre, Agriculture and Agri-Food Canada, 850 Lincoln, Fredericton, 
Canada. E3B 4Z7. 

Potato virus Y is transmitted to potato in a non-persistent manner by many aphid species, 
some of which do not colonize this crop.  The behavior of Rhopalosiphum padi (L.) on potato, a 
plant species that is not colonized by this aphid, was described and compared with that of the 
potato colonizing aphid, Myzus persicae (Sulzer).  A higher proportion of winged morph of R. 
padi than M. persicae left the plant, but aphids that stayed in contact with the plant took the same 
mean time to initiate the first probe and it lasted the same mean time compared to M. persicae.  
Electronic Penetration Graph technique was used to study the probing behavior of the aphids 
during PVY transmission tests.  Transmission rate decreased from 29% to 8% when the 
acquisition time decreased from 5 minutes of continuous probing to one hour with M. persicae, 
but remained low (2% and 1%) with R. padi.  Most of the difference in transmission rate 
between acquisition time with M. persicae and between aphid species was related to the change 
in the time and behavior taking place between the last cell puncture of the acquisition phase to 
the first cell puncture of the inoculation phase.  Results presented here clearly demonstrated the 
importance of host-plant selection and probing behavior in the transmission of non-persistent 
plant viruses.  This behaviour was also studied with several species of aphids present around 
potato fields.  The results could be used to identify aphid species having more chance of 
transmitting PVY.  They also stress the need to consider the behavior of the aphid in the design 
of laboratory tests of virus vector efficacy. 
 
081 
Comparison of TaqMan real-time RT-PCR with conventional RT-PCR and ELISA for 
detection of Potato Virus Y from dormant tubers.  Singh, M.1, R. Coffin2 and G. Hawkins3. 
1Agricultural Certification Services Inc. 1030 Lincoln Road, Fredericton, E3B 8B7, NB, Canada; 
2Cavendish Farms, P.O. Box 3500, Summerside , PEI, C1N 5J5; 3McCain Produce Inc., 317 
Main Street, Florenceville, NB, Canada. 

The TaqMan real-time assay obviates any post polymerase chain reaction (PCR) 
manipulations, reduces contamination and increases throughput, making it more attractive for 
diagnostic laboratories to adopt for large scale testing. TaqMan real-time PCR assay was 
compared with conventional reverse-transcription PCR (RT-PCR) and the most commonly used 



serological method enzyme linked immuno-sorbent assay (ELISA). Dormant Goldrush, Prospect, 
Russet Burbank, and Shepody tubers were tested using real-time PCR (one-step and two-step) 
and by conventional RT-PCR. The tubers were then naturally sprouted and the sprouts were 
tested using ELISA. After the ELISA test, the tubers were split in half longitudinally and planted 
in the greenhouse. The plants were observed for visual PVY symptoms, the leaves were tested 
with ELISA and results compared with PCR results on dormant tubers. The one-step TaqMan 
real-time assay was more sensitive than either two-step TaqMan real-time assay or conventional 
RT-PCR. ELISA on sprouts was the least sensitive method of detection. This was confirmed 
using purified PVY virions. The one step real-time PCR assay was able to detect down to 0.07 
fg, compared to 0.05 pg by two-step real-time RT-PCR, 0.4 pg by conventional RT-PCR and 
0.12 ng by ELISA. The real-time PCR is several fold more sensitive than either conventional 
PCR or ELISA. TaqMan real-time assay, which takes only 2-3 days, can replace conventional 
RT-PCR and existing immunological testing and field grow-out tests which can take 8-10 weeks 
to complete. 
 
082 
Control of common scab using phages infecting Streptomyces scabiei.  Goyer, C., Ramirez, 
M. and J. Zeng. Potato Research Center, Agriculture and Agri-Food Canada, 850 Lincoln Road, 
Fredericton, Canada  NB E3B 4Z7  

Common scab is a bacterial disease responsible for significant economic losses estimated 
at 15-17M$ each year in Canada. The causal agent Streptomyces. scabiei is commonly found in 
soil.  Once established in a field, there are few control means to reduce common scab. Use of 
biological control such as phages is an alternative to decrease plant disease outcome. The long-
term aim of this project is to develop biopesticides using phages to infect S. scabiei. Four 
genetically different phages infecting S. scabiei named Stsc1, Stsc3, LN1 and LN4 were isolated 
from potato field soil. Phages were shown to infect most strains of S. scabiei and other 
pathogenic Streptomyces. The specific objectives of this study are to quantify changes in 
populations of S. scabiei and phages over time and assess the efficiency of phage Stsc1, Stsc3, 
LN1 and LN4 to control common scab. The phage and pathogen populations were quantified in 
sterile soil microcosms over time. Stsc1 and Stsc3 decreased the S. scabiei population by 
approximately a 10 fold factor after 14 days of incubation although this reduction was not 
observed with LN1. To determine the ability of phages to decrease common scab, seed pieces of 
the susceptible potato cultivar Shepody were planted in 15cm pots inoculated with 1) S. scabiei,  
and 2) both S. scabiei and phage. Common scab severity on potato tubers was recorded at harvest 
time. Phages reduced the common scab lesion coverage by 3-22 folds and decreased the severity 
of scab lesions. These results suggest that phages decreased S. scabiei population in soil which 
resulted in a decrease of common scab severity 
 
083 
Studying the root gall development in russet and smooth skin potato cultivars and its effect 
on powdery scab inoculum load in the soil.  Sastry Jayanty, Robert Davidson, Andrew Houser 
San Luis Valley Research Center, Department of Horticulture and LA, Colorado State University 
0245 East County Road, Center, Colorado 81125, USA. 

Powdery scab disease caused by Spongospora subterranea f. sp. subterranea is one of the 
major concerns for potato producers in potato production regions in North America. This is a soil 
borne pathogen that can infect root hairs, stolon epidermal cells, lenticels, eyes and wounds of 



developing tubers. Powdery scab symptoms can cause significant economic losses in both fresh 
and seed markets. Potato cultivars with smooth or light skin (i.e. whites and reds) are more 
susceptible; whereas russet-skinned cultivars are less prone to powdery scab, although root galls 
are common. In order to study the effect of cultivar rotation on the powdery scab disease, four 
cultivars with different levels of susceptibility were planted in a powdery scab infested field. 
Tubers, roots and the adjacent soil were collected at the end of the season for each of the 4 
cultivars. Severity of root galls and disease lesions on tubers were estimated on 1 to 5 scale. 
Spore load and presence of pathogen in the tuber skin and roots was detected using polymerase 
chain reaction with powdery scab pathogen specific oligonucleotide primers. Rio Grande Russet 
and CO94035-15RU cultivars are less susceptible to root galling compared to the smooth skin 
cultivars Rio Colorado and Cherry Red. Both russet cultivars did not develop powdery scab 
lesions on the skin but tested positive with PCR. Whether crop rotation with resistant and 
susceptible potato cultivars change population dynamics/pathogen load in the soil will be 
discussed. 
 
084 
Molecular and biological characterization of a severe strain of Tomato chlorotic dwarf 
viroid containing a novel terminal right domain sequence.  Rudra P. Singh1, Andrea D. 
Dilworth1, Mathuresh Singh2. 1Potato Research Centre, Agriculture and Agri-Food Canada, 850 
Lincoln Road,      Fredericton, NB, Canada, E3B 4Z7 
2 Agricultural Certification Services, 1030 Lincoln Road, Fredericton, NB, Canada E3B 8B7 

Tomato chlorotic dwarf viroid (TCDVd), a close relative of Potato spindle tuber viroid 
(PSTVd), was first reported in 1999 and has become a major problem in greenhouse tomato 
production in several countries.  While evaluating the resistance of transgenic potato against 
viroids, an isolate that caused severe stunting of ‘Desiree’ potato and indicator ‘Sheyenne’ 
tomato plants, was obtained. Full-length nucleotide (nt) sequences of viroid RNA from 
extremely stunted plants (‘bushy stunt’) was 94 - 97% identical to six TCDVd sequences and 85-
88% identical to over 93 PSTVd sequence variants. The viroid has a novel T165C, GT 167-
168AA, and TCAC181-184CTTT nt substitutions in the terminal right (TR) domain of the 
molecule and are not found in other viroids in the database. The cloned viroid cDNAs of the 
bushy stunt isolate with altered sequences were infectious to experimental tomato plants and 
caused extreme stunting of plants with profuse auxiliary shoots. Susceptibility of the bushy stunt 
isolate to 20 tomato and 20 potato cultivars showed that the bushy stunt symptoms developed in 
most cultivars of both species. The nt sequences determined from tomato and potato cultivars 
showed the novel TR domain nt sequences in most cultivars and with slight variation in a few. 
Stunting symptom severity observed with the bushy stunt isolate in both potato and tomato 
cultivars is incomparable to other PSTVd and TCDVd isolates. Emergence of this type of 
sequence variant in commercial fields or tomato greenhouses could potentially be the most 
damaging TCDVd isolate for both crops.  
 
085 
Long-term effects of organic matter amendments on soil-borne diseases of potatoes.  D.H. 
Lambert, G.A. Porter and M.S. Erich, Department of Plant, Soil and Environmental  Sciences, 
University of  Maine, Orono, ME 04469. 

The Potato Cropping (Ecosytem) Project was established in 1991 to study long-term 
management effects on potato production, weeds, insects and diseases.  Data is derived from 96 



16-row by 85’ plots.  The study is replicated in four blocks, and is duplicated by even and odd 
year entry points.  From 1991 to 1997, half the plots were amended with substantial amounts of 
potato compost and cattle manure.  From 1998 to 2008, these plots received sufficient manure to 
maintain organic matter levels.  Over this latter period, the three cropping sequences were: two 
treatments on 2-yr rotations (potato-barley and potato-soybean-potato-barley) and a 4-yr rotation 
(potato-soybean-barley-alfalfa) that included two pest management (IPM vs “eco-friendly”) 
subtreatments .    
The organic amendments substantially altered most soil properties in treated plots, increasing 
organic matter from 2.7 to 4.9%, moisture by 15-20% and average pH from 5.3 to 6.0.  Although 
positive and negative differences have occurred, there have been no consistent amendment 
effects on the incidence of Rhizoctonia on underground stems or stolons; black scurf has 
generally been higher in amended plots.  Incidence of common scab has been greater in the 
amended plots, a consequence of pH.  White mold has gradually increased in the amended plots 
relative to the nonamended plots, associated with higher soil moisture and canopy density.  
Powdery scab has consistently been several-fold higher in amended plots for much the same 
reason.    Silver scurf has not been affected by amendments, but black dot on tubers has been 
higher in amended plots in some years.  Powdery scab and white mold have been higher in 2-yr 
than in 4-yr rotations in certain recent years. 
 
086 
Detection of nitrogen deficiency in potato using gene expression.  Zebarth, B.J.1, Li, X.Q.1, 
Sveshnikov, D.2, Tai, H.1, De Koeyer, D.1, Millard, P.3, Haroon, M.1 and Singh, M.4 1Potato 
Research Centre, Agriculture and Agri-Food Canada, PO box 20280, Fredericton, NB, Canada 
E3B 4Z7; 2BioAtlantech, Fredericton, NB, Canada; 3Macaulay Institute, Aberdeen, Scotland; 
4Agricultural Certification Services, Fredericton, NB, Canada. 
 There are economic and environmental benefits to improved fertilizer nitrogen 
management. The feasibility of using gene expression for early detection of potato nitrate 
deficiency was examined using three potato cultivars (Shepody, Russet Norkotah, and Red 
Pontiac) with abundant (7.5 mM NO3), limited (0.75 mM NO3) or deficient (0 mM NO3) nitrate 
supply in nutrient culture over a 7 d period. RNA was extracted from the last fully expanded leaf 
and quantified using realtime RT-qPCR. Reduced nitrate supply had no measurable effect on 
shoot dry weight or leaf chlorophyll concentration, but decreased petiole nitrate concentration. 
Under deficit nitrate supply, down-regulation of nitrate reductase and nitrite reductase were 
measured within three days for all cultivars, and down-regulation of asparagine synthetase was 
measured in two cultivars. Nitrate supply had no effect on expression of ammonium transporter. 
This experiment demonstrates the potential to use gene expression to detect reduced nitrate 
supply in potato plants. Future research should evaluate the specificity of gene expression 
markers to N deficiency, and should also test the ability to use gene expression markers to detect 
N deficiency under field conditions. Use of multiple gene expression markers may also be more 
effective in detecting N deficiency than use of a single marker. 
 
087 
Economic and environmental effects of different nitrogen fertilizer regimes.  Veenhuis-
MacNeill1, S., R. Coffin1, W. Hardy1, Y. Jiang2, B. Thompson3. 1Cavendish Farms, Summerside, 
PE Canada, 2PEI Dept. Environment, Energy & Forestry, 3PEI Dept. Agriculture, Fisheries & 
Aquaculture. 



 Both the cost and associated environmental concerns of potato production are increasing. 
In PEI, an environmental issue of concern is increasing nitrate (NO3

-) concentrations in ground 
and surface waters. In 2008, three trials were conducted to investigate the economic and 
environmental impacts of various nitrogen (N) fertilization practices. One trial included 6 N 
application rates under irrigated (IRR) and non-irrigated (N-IRR) conditions, 0, 91, 170, 205 and 
239kg/ha banded at planting, plus a 211kg/ha split application treatment (91kg/ha banded at 
planting plus two top-dress applications, 60kg/ha each). No significant differences occurred 
among the pay yields of any treatments receiving N, within either the IRR or N-IRR plots. 
Generally, there were greater inorganic N concentrations in the higher N treatments, throughout 
the soil profile (0-90cm). Two exceptions were 15-30cm IRR and 60-90cm N-IRR; in these soil 
portions no significant differences occurred among any of the treatments. In the second trial, N 
carriers were compared, ammonium nitrate, urea, ESN and Agricote, at 170 and 227kg/ha N. A 
yield response was observed to N rate, but not to source. Analysis for inorganic N of soil 
samples taken from 0-60cm indicated a rate response, but no response was observed in samples 
taken from 60-90cm. The third trial compared different crop rotations, continuous clover-grass 
hay (HAY), continuous Russet Burbank (RB) potatoes, 2-year rotation (RB, oats) and 3-year 
rotation (RB, oats, HAY). Soil and leachate analyses showed greater [NO3

-] under the potato 
plots than under any other plots. Soil analyses also indicated that shortly after harvest, most 
inorganic N was found in the top 30cm of soil. 
 
088 
Microtubers, an underutilized commodity in seed potato systems.  Pruski K. Nova Scotia 
Agricultural College, Truro, B2N 5E3 

Microtubers, the intermediate stage between in vitro plantlets and minitubers, are 
miniature seed potatoes produced in vitro. Their utilization has been postulated in elite seed 
potato production since 1980s. Despite advantages over plantlets in storage and germplasm 
exchange, microtubers are not yet accepted as propagules of choice by the industry.  In most in 
vitro protocols, the generated microtubers are small and not uniform that affects length of their 
dormancy and physiological age. Consequently, not all microtubers uniformly sprout and 
produce vigorous plants. Based on evidence for strong analogies in growth responses between 
field-grown tubers and microtubers, they have a tremendous potential in seed tuber production, 
breeding, germplasm conservation and research. Over the last decade new protocols have been 
developed, giving better yields of larger microtubers. Although most require special equipment 
and frequent media exchanges, these systems started to be validated in industrial settings. In 
some countries, microtubers already provide the foundation seed for the development of an 
integrated supply chain of disease-free seed potatoes (Europe, Asia). Performance depends on 
microtuber size (the larger the better) and can be optimized by modifying in vitro procedures. 
Effects of growth regulators on microtuber growth have been assessed: jasmonates and 
gibberellins promote enlargement, while ABA has an inhibitory effect on microtubers. In 
addition, massive in vitro techniques based on recent improvements of media and growth room 
conditions (rotating bioreactors, temporary immersion systems etc.) lead to production of 
hundreds of thousands of microtubers in a short time. The number of laboratories producing 
microtubers is growing particularly in countries such as China and India, where they are 
commercially produced in millions for both domestic use and export. Recent developments in 
microtuber production and trade will be discussed. 
 



089 
Commercial storage evaluation of new chipping and processing varieties in Wisconsin.  
Alvin J. Bussan, Michael E. Copas, William G. Schmitt, Michael J. Drilias, Mary T. LeMere, 
Doug Nelson, and Charles Higgins. 
Dept. of Horticulture, University of Wisconsin-Madison, 1575 Linden Dr, Madison, WI 53706. 
 Commercial scale storage research trials were conducted to determine suitability of new 
varieties for long-term storage under Wisconsin conditions. Objectives were to evaluate shrink, 
monitor processing quality and determine long term storage potential for chipping or processing. 
Cooperating growers and processors delivered 10 to 12 T of different varieties to the Potato 
Storage Research Facility. In 2007, MegaChip, Snowden, Freedom Russet, Bannock Russet and 
Russet Burbank were evaluated. In 2008, W2310, White Pearl, Snowden, Bannock Russet, 
Haliburton and Russet Burbank were evaluated. Bins were monitored bi-weekly for the first 8 
weeks, then monthly for sugar and solid contents, tuber weight loss and diseases. 
Each storage bin had an independent ventilation system. In 2007, all three processing russet 
varieties were stored from Oct through June 2008. Shrink was 5-8% depending on variety with 
no appreciable tuber disease infections. Commercial scale shrink was estimated at ~8%. Pressure 
flattening was excessive in Freedom Russet. MegaChip required >10 wk to precondition and 
sugars increased in mid-Jan, shortening the storage period. In 2008, russet potatoes had higher 
proportion of infection, mostly leak. Ventilation dehydrated infected tubers and prevented 
disease spread. Due to increased air speed to manage disease, processed potatoes were shipped in 
March 2009. Chipping potatoes in 2008 were of acceptable quality at time of this submission. 
Snowden will be shipped for processing by early April. W2310 and White Pearl will be stored 
until May/June if possible. Preliminary analysis suggests intermediate storage potential for 
Bannock Russet, but excessive skinning at harvest increased potential for shrink and concerns 
about disease susceptibility. W2310 and White Pearl have potential for extended storage and we 
hope to confirm this in current trials. 
 
090 
Effects of simulated hail damage on Russet Norkotah yield.  Woodell, Lynn K., and N. Olsen, 
University of Idaho, PO Box 1827, Twin Falls, ID 83303. 

Worldwide, summertime hail storms can cause defoliation and stem damage on potato 
plants. The objective of these studies was to evaluate the effect of differing levels and timing of 
simulated hail damage on an early maturing variety (‘Russet Norkotah’) yield and quality 
response. For three years Russet Norkotah potatoes were grown and defoliated 33, 66 or 99% by 
height using a hedge trimmer at approximately 57 DAP, 74 DAP and 100 days after planting 
(DAP) corresponding to three different timings of tuber development (tuber initiation, early and 
late bulking). Harvested tubers were individually weighed and evaluated for yield, grade, size 
profile, and specific gravity. When compared to non-defoliated plots there was a significant 
reduction in specific gravity (from 1.082 to 1.063) for all treatments except the 33 and 66% 
defoliations at the earliest timing. Total yield was significantly lower in treatments receiving 
99% defoliation at all three timings (43, 46, 11% respectively) compared to the non-defoliated 
plants. Total tuber number was significantly lower (23%) for the 99% defoliation occurring at 57 
DAP compared to non-defoliated. There was significantly greater percent of No. 1 graded 
potatoes from the non-defoliated and 33% defoliation at 100 DAP compared to all other 
treatments indicating a significant impact of simulated hail defoliation on grade of harvested 
tubers. These studies show that a severe defoliation anytime in the growing season can 



negatively impact total yield and specific gravity. Intermediate levels of defoliation impacted 
size profile but not total yield. All levels of defoliation occurring after tuber initiation reduced 
specific gravity. The severity of crop loss of Russet Norkotah potatoes due to a hailstorm will 
depend upon level of damage and timing of injury. 
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Results of the 2007 national common scab trials of potato varieties and advanced selections.  
Haynes, K.G.1, L.A. Wanner1, C.A. Thill2a, J.M. Bradeen2b, J. Miller2a, R.G. Novy3, and J.L. 
Whitworth3. 1USDA/ARS, Genetic Improvement of Fruits and Vegetables Laboratory, Beltsville, 
MD 20705; 2 Univ. of Minnesota, aDept. of Horticultural Science, bDept. of Plant Pathology, St. 
Paul, MN 55108; 3USDA/ARS, Aberdeen Research and Extension Center, Aberdeen, ID 83210. 

Incidence and severity of potato common scab (CS), caused by Streptomyces spp., vary 
by year and location, necessitating multiple evaluations of resistance in germplasm.  In 2007, CS 
resistance was evaluated on 23 clones [6 varieties, 17 numbered selections] in ID, ME and MN.  
Clones were planted in a randomized complete block design with three replications per location. 
After harvest, tubers were scored for percent surface area covered with lesions and type of 
lesion, and scores converted to an area index (MI) and a lesion index (LI), respectively.  
Differences among clones were found for LI but not MI.  LI for 15 clones was similar to that of 
Russet Burbank (moderately resistant); LI in the remaining clones was significantly more severe.  
Clone x location interactions were significant for both MI and LI: slightly less than half the 
clones were unstable before and after removal of location heterogeneity.  Clones as resistant as 
Russet Burbank were more than twice as likely to be stable before and after removal of location 
heterogeneity, whereas clones more susceptible than Russet Burbank were about equally likely 
to be stable or unstable. These results indicate that the majority of clones evaluated expressed 
resistance to CS, however, none exceeded the resistance observed in the moderately resistant 
control, Russet Burbank.   Significant clone x location interactions make germplasm evaluation 
in multiple locations necessary to accurately characterize response to CS and identify germplasm 
with stable resistance.   
 
092 
Agreement between selectors at seven eastern U.S. locations in the second field generation.  
Haynes, K.G.1, C.M. Hutchinson2, R.L. Hassell3, G.C. Yencho4, M.E. Clough4, M.R. 
Henninger5, D.E. Halseth6, E.R. Sandsted6, G.A. Porter7, and P.C. Ocaya7. 1USDA/ARS, 
Beltsville, MD 20705; 2University of Florida, Gainesville, FL 32611; 3Clemson University, 
Charleston, SC 29414; 4North Carolina State University, Raleigh NC 27695; 5Rutgers 
University, New Brunswick, NJ 08901; 6Cornell University, Ithaca, NY 14853; 7University of 
Maine, Orono, ME 04469. 

Clone x location interactions are known to be large for many traits in potatoes.  Early 
generation selection in northern breeding programs may eliminate clones that perform better in 
other locations.  The purpose of this study was to examine the agreement between selectors in 
the second field generation at seven locations.  Selections were made among single-hill plots in 
Presque Isle, ME in 2006.  These selections were planted in 12-hill plots in 2007.  Two selectors 
independently selected in these 12-hill plots, however, all clones were harvested.  Eight seed 
pieces per clone were distributed to FL, SC, NC, NJ, NY, and ME.  There were one or two 



selectors for each location. Agreement between selectors at the same location ranged from 58 to 
80%. Agreement between the breeder and the primary selector at each location ranged from 58 to 
66%.  In general, the breeder and primary selector at each location agreed to discard about half 
of the clones in the study (range 47-57%).  About 25% of the clones were saved by the breeder 
but not selected at the other location (range 25-32%).  The remaining clones were divided 
somewhat equally between those the breeder would not have saved but the other selector wanted 
to see again (range 6-17%), and clones that both the breeder and other selector would have saved 
(range 4-11%).  Earlier selection across multiple locations may identify clones for specific 
locations or more widely adapted clones.   
 
093 
Resistance to late blight in potato clones evaluated at five U.S. locations in 2008.  Haynes, 
K.G.1, C.A. Thill2, J.M. Bradeen2, G.A. Secor3, M.I. Vales4, B.J. Christ5, and D.S. Douches6. 
1USDA/ARS, Beltsville, MD 20705; 2University of Minnesota, St. Paul, MN 55108;  3North 
Dakota State University, Fargo, ND 58015; 4Oregon State University, Corvallis, OR 97331; 5The 
Pennsylvania State University, University Park, PA 16802; and, 6Michigan State University, East 
Lansing, MI 48824. 

Late blight (LB), caused by Phytophthora infestans, continues to be a major disease of 
potatoes.  In 2008, 40 potato clones (4 varieties, 32 selections, 4 LB differentials) were evaluated 
for foliar LB at five U.S. locations (MI, MN, ND, OR, PA) to allow for evaluation under 
environmental and pathogen diversity in a randomized complete block design with 3-4 
replications per location.  Multiple strains of P. infestans were present across locations, although 
US-8 predominated.  Percent infected foliage was recorded several times following onset of the 
disease.  Area under the disease progress curve (AUDPC) was calculated.  Location mean 
AUDPC ranged from 377 in PA to 917 in MN.  There were significant differences among clones 
for AUDPC at all locations.  Three advanced selections (A97066-42LB, MSQ070-1, W6360-
1Rus) were as resistant as the resistant standard clones (AWN86514-2, B0692-4, B0718-3).  
Clones were ranked for mean AUDPC within locations and analyzed for phenotypic stability 
using nonparametric statistics.  There was a significant clone x location interaction for the 
common variance of the ranks but only one clone (MSL268-D) made a significant contribution 
to this interaction.  MSL268-D was one of the most resistant clones in MI and PA, but one of the 
more susceptible clones in MN and OR.  The foliar reaction of most of these clones to P. 
infestans was stable across locations in the presence of multiple strains of P. infestans. 
 
094 
Translating Solanaceae sequence diversity and trait variation into applied outcomes 
through integrative research, education, and extension.  Douches, D.S., C. R. Buell, W. de 
Jong, D. Francis, L. Mueller, A. Stone, A. Van Deynze. (Lead Institution) Department of Crop 
and Soil Sciences, Michigan State University, East Lansing, MI 48824. 
 Our vision of translational genomics redefines commodity boundaries to that of 
taxonomic groups and DNA sequence homology to leverage knowledge and resources between 
species.  SolCAP focuses on two major Solanaceae vegetable crops: potato and tomato and on 
mapping populations relevant to variety improvement.  We are using high throughput sequencing 
and bioinformatics to identify variation in elite germplasm for candidate genes of high value 
traits such as carbohydrate, sugar and vitamin content. These resources will ultimately be used to 
develop improved varieties. We will support centralized facilities for genotyping relevant 



germplasm and plant breeding populations and for databases to curate and share information. 
Germplasm panels will consist of relevant varieties, breeding/parental lines, and wild species 
accessions that are broadly useful in breeding and to the scientific community.  Through 
partnerships with the Solanaceae Genomics Network and Michigan State University, we will 
enhance access and availability of breeder-friendly analysis tools.  A small grants program will 
leverage the genotyping resources for additional mapping of agronomic, disease/insect resistance 
and quality traits. Outreach efforts will consist of integrated education and extension, through 
developing curricula for graduate students, offering a breeder practicum, and developing a 
community of learning for the breeding community via the eXtension.org web portal to amplify 
impact.  Systematic and regular assessment by a designated evaluator will be used to improve 
effectiveness of our research, education and extension efforts. 
 
095  
Selfing potato species produce robust spontaneous field seed increases under floating mesh.  
Bamberg, J.B and A.H. del Rio.  US Potato Genebank, 4312 Hwy 42, Sturgeon Bay, WI 54235 

Performing genebank propagation of botanical seed populations of wild potato species is 
typically done by hand pollinations in the greenhouse.  This prevents intermixing of the 
populations by bumblebees and avoids the need for emasculation.   Field plantings require less 
inputs and often have vigorous growth, flowering, and many spontaneous berries.  But field seed 
increase requires emasculation, separation by distance, or bee-proof screen for isolation of each 
population.  About ¼ of the 5,000 populations in the US Potato Genebank are self-compatible 
inbreds that might self spontaneously.  We grew 10 seedlings of each of 34 such populations 
(from three species) in the field under a continuous 8-foot wide translucent polypropylene fabric 
mesh (Gardens Alive, 5100 Schenley Place, Lawrenceburg, IN), sealed on the edges with soil to 
exclude bees.  All sprays and irrigation were applied through the mesh.  Nothing was done to 
induce pollination, but the mesh flapping over the plants on windy days was likely helpful.  In 
the fall, spontaneous berries were harvested and seeds extracted.  Seed yields per population 
varied by species:  acaule = 69,000, demissum = 26,000, stoloniferum = 4,000.   Germination 
and seedling vigor was high.  RAPD comparison of offspring with parents was done and 
confirmed that no cross pollination between populations under the mesh had occurred.  We 
conclude that seed increase of selfing potato species can be efficiently accomplished in the field, 
allowing more genebank resources to be directed toward outcrossing species that require hand 
pollination in the greenhouse. 
 
096 
Genetic diversity of potato varieties and advanced clones from the Pacific NW Tri-State 
program.  Karaagac E., S. Yilma and M.I. Vales. Oregon State University, Dept. of Crop and 
Soil Science, Corvallis, OR 97331, USA. 

Molecular markers, especially simple sequence repeats (SSRs), are very efficient tools 
for plant breeding programs. The main purpose of this study was to evaluate the level of genetic 
variation among Tri-State potato varieties and advanced clones. The genetic diversity of 55 
tetraploid potato clones, including varieties released by the Pacific NW Tri-State Potato Variety 
Development Program, advanced experimental lines, and standard commercial varieties, was 
studied using 24 pre-screened SSR markers. The SSR amplification products were separated 
using a LI-COR 4300 DNA analyzer and scored with the SAGA Generation 2 software. A 
similarity matrix was calculated using the Jaccard’s coefficient and a dendogram was built using 



UPGMA. The Tri-State varieties and advanced lines clustered into four major groups 
corresponding, in general, to clones belonging to different market classes. This study also 
allowed us to identify a small set of highly informative SSR markers that differentiate all the 
clones tested. This set can be used for DNA fingerprinting of new varieties and thus be used as 
part of the Plant Variety Protection (PVP) process. 
 
097 
Starch granule size, cooking texture quality and chip color of potato cultivars.  Li, X.Q.1, A. 
Murphy1, J.C. Zhang1,2, M. Haroon1, D. LeBlanc1,  S.N. Luo1,3, Q. Liu4, B. Bizimungu5, X.Y. 
Xiong3, G.S. Liu2, and Y. Leclerc6. 1Potato Research Centre, Agriculture and Agri-Food Canada, 
850 Lincoln Road, P.O. Box 20280,  Fredericton, NB, E3B 4Z7, Canada; 2Institute of Botany, 
Chinese Academy of Sciences, 100093 Beijing, P. R. China; 3Horticulture Department, Hunan 
Agriculture University, Changsha, China 410128; 4Guelph Food Research Centre, 93 Stone Road 
West, Guelph, Ontario, N1G 5C9, Canada; 5Lethbridge Research Centre, Agriculture and Agri-
Food Canada, Lethbridge, Alberta, T1J 4B1, Canada; 6McCain Foods Canada Ltd., 107 Main 
Street, Florenceville, NB, E7L 1B2, Canada 

Starch granule size is expected to vary among cultivars; however, the extent of variation 
among potato cultivars and advanced breeding clones in Canada is unknown, and it is unclear 
whether starch granule size affects the cooking quality and processing quality. In this study, we 
analyzed the starch granule size, chipping color, and texture of boiled samples of 19 potato 
cultivars/clones. The tubers were stored under 4C and 13C temperatures. Two storage durations 
were used for each temperature treatment. Starch granules were measured using a polarized Zeiss 
microscope. Chipping and texture evaluation was conducted following standard protocols in the 
cooking quality evaluation laboratory of the Potato Research Centre, AAFC, Fredericton. The 
activities of starch-sugar conversion genes for these traits have been evaluated at the gene 
expression level. Significant variation has been found for the starch granule length among 
cultivars. The average length ranged from 20 µm to 36 µm. The average size of the 10% largest 
starch granules ranged from 45 µm to 77 µm among the cultivars. No significant correlation has 
been found between boiled texture and chip color. The relationship between starch granule size 
and boiling/chipping quality and the activity of candidate genes in these post-harvest potatoes 
will be discussed. 
 
098 
Effect of potato rotations on soil quality in Manitoba.  Alan Moulin1, Ramona Mohr1, Debbie 
McLaren1, Dale Tomasiewicz2, Karl Volkmar3, Byron Irvine1, Mohammad Khakbazan1, Marcia 
Monreal1, Curtis Cavers2 

1Agriculture and Agri-Food Canada, Brandon Research Centre, Brandon, MB R7A 5Y3  
In 1998, a crop rotation study was initiated on a Wellwood silt loam near Carberry, 

Manitoba to identify rotations that optimized crop yield while maintaining soil quality.  In this 
ongoing study, treatments consist of two 2-year, two 3-year, and two 4-year rotations of potato-
canola (PC), potato-wheat (PW), potato-canola-wheat (PCW), potato-oat-wheat (POW), potato-
wheat-canola-wheat (PWCW), and potato-canola(underseeded to alfalfa)-alfalfa-alfalfa (PCAA).  
Soil properties related to soil quality were assessed in 2001 at the end of the first rotation cycle. 
Crop residue cover was low in the spring and there was significant potential for wind erosion 
following potatoes in rotation.  However the proportion of aggregates in the erodible fraction 
was low relative to critical levels for wind erosion. Wind erosion can be significant for fields 



following potato production, and can be influenced by dry conditions and a high proportion of 
wind blown erodible material. Penetration resistance was low in short term rotations, and was not 
correlated with hydraulic conductivity or bulk density.  No evidence of compaction was observed 
in the study.  Soil organic carbon was not affected by rotation over the period from 1998 to 2001.  
Total soil nitrogen increased in rotations with alfalfa, though further research is required to 
confirm this trend. Additional data will be collected in 2009 to determine the impact of rotation 
on soil on soil quality, physical properties and fertility. 
 
099 
Impact of crop rotation in irrigated potato systems on diseases of potato in Manitoba.  
McLaren, D.1, R. Mohr1, D.Tomasiewicz2, K. Volkmar3, D. Derksen 1, B. Irvine1, M. 
Khakbazan1, M. Monreal1, A. Moulin1 and C. Cavers2. 1Agriculture and Agri-Food Canada, 
Brandon Research Centre, P.O. Box 1000A, R.R. #3, Brandon, MB Canada R7A 5Y3; 2Canada-
Manitoba Crop Diversification Centre, P.O. Box 309, Carberry, MB Canada R0K 0H0; 
3Agriculture and Agri-Food Canada, Southern Crop Protection and Food Research Centre, 1391 
Sandford Street, London, ON Canada N5V 4T3.  

Plant pathology objectives for the Potato Rotation Research Project were to assess 
management of plant diseases through manipulation of crop type, and interruption of disease 
cycles through crop rotation.  Differences in plant diseases among rotations began to emerge as 
the study matured.  While data collected during the initial nine years of the rotation study 
suggested greater potential for blackleg, rhizoctonia and vascular disease in potato in the 2-year 
rotations, consistent effects on yield were not evident. In 2006, vascular wilt was evident in one 
plot of the potato-canola (PC) rotation. However, in 2007, on average more than 75% of potato 
plants in the PC rotation were affected by this disease.  Moreover, the most severe symptoms 
were almost exclusively associated with this rotation. The potato-wheat (PW) rotation showed 
the next highest level of vascular wilt.  In 2008, 92% of potato plants in the PC rotation were 
affected by wilt, a significant increase over 2007. In the PW rotation, disease levels were 
intermediate between the PC and remaining rotations. In both years, the PC rotation had a 
significantly lower total tuber yield and marketable yield than the other rotations. Both tight 
rotations (PC and PW) have the potential for increased risk from vascular wilt.  These results 
suggest that 2-year rotations may not be sustainable in the longer-term due to disease pressure, 
particularly from vascular wilt.  
 
100 
Effect of crop rotation on the yield of irrigated Russet Burbank potato in Manitoba, 
Canada.  Mohr, R.1, K. Volkmar2, D. Tomasiewicz3, D. Derksen1, B. Irvine1, M. Khakbazan1, 
D. McLaren1, M. Monreal1, A. Moulin1 and C. Cavers3.  1Agriculture and Agri-Food Canada – 
Brandon Research Centre, PO Box 1000a, R.R. #3, Brandon, MB Canada R7A 5Y3; 
2Agriculture and Agri-Food Canada – Southern Crop Protection and Food Research Centre, 1391 
Sandford Street, London, ON Canada N5V 4T3; 3Canada-Manitoba Crop Diversification Centre, 
PO Box 309, Carberry, MB Canada R0K 0H0 
 Crop rotation has the potential to impact the productivity and sustainability of irrigated 
potato.  In order to identify optimal rotations for Manitoba conditions, a field study was initiated 
in 1998 to assess the impact of rotation sequence and length on yield in irrigated potato systems.  
Rotational treatments in this ongoing study consist of two 2-year, two 3-year, and two 4-year 
rotations with each phase of each rotation present each year.  Rotations are:  potato-canola (PC), 



potato-wheat (PW), potato-canola-wheat (PCW), potato-oat-wheat (POW), potato-wheat-canola-
wheat (PWCW), and potato-canola(underseeded to alfalfa)-alfalfa-alfalfa (PCAA). 
 Rotation had no effect on total or marketable (>5 cm) yield in the initial three to four 
years after treatments were established.  As the study progressed, yield differences among 
rotations occurred with greater frequency.  A descriptive grouping technique, based on the 
average marketable yield for 1998 through 2006, demonstrated a trend for higher marketable 
yield in PC, PCAA and PCW rotations, but no single rotation or rotations consistently out-
yielded the rest.  In 2007 and 2008, however, the average marketable yield of 2-year rotations 
was markedly lower (P<0.05) than the average yield of the 3- and 4-year rotations, likely due in 
part to increased levels of vascular wilt disease, suggesting that shorter rotations may not be 
sustainable in the longer-term. 
 
101 
The economics of irrigated potato crop rotation in Manitoba.  Khakbazan, M1, R. Mohr1, K. 
Volkmar2, D. Tomasiewicz3, D. Derksen1, B. Irvine1, D. McLaren1, M. Monreal1, A. Moulin1 and 
C. Cavers3.  1Agriculture and Agri-Food Canada (AAFC) – Brandon Research Centre, PO Box 
1000a, R.R. #3, Brandon, MB Canada R7A 5Y3; 2AAFC – Southern Crop Protection and Food 
Research Centre, 1391 Sandford St., London, ON Canada N5V 4T3; 3Canada-Manitoba Crop 
Diversification Centre, PO Box 309, Carberry, MB Canada R0K 0H0 

Crop rotation is of particular interest for its potential impacts on economic and 
environmental sustainability of potato production. Recognizing the importance of sustainable 
potato production, a crop rotation study was initiated in 1998 to develop recommendations for 
irrigated potato in Manitoba. The rotations in this ongoing study are: potato-canola (PC), potato-
wheat (PW), potato-canola-wheat (PCW), potato-oat-wheat (POW), potato-wheat-canola-wheat 
(PWCW), and potato-canola (underseeded to alfalfa)-alfalfa-alfalfa (PCAA). Income and cost of 
these six different crop rotations from 1999 to 2005 were analyzed to examine the economics of 
each rotation. Average net income of these six rotations varied from $47 to $189 ac-1. The results 
from 1999 to 2005 showed that there was no significant variation of marketable potato yield 
among rotations during 1998-2000 but there were differences in marketable potato yield among 
rotations as the study progressed. The PC rotation generated higher net income especially from 
2000-04 primarily due to higher marketable potato yield of this rotation (about 14% higher than 
the average marketable potato yield of the other five rotations). While potato yield in the longer 
rotations especially PCAA has improved over time, it was adversely affected by 2-year rotations 
especially the PC rotation, due in part to the disease pressure buildup since 2005. Therefore, it is 
difficult to make firm conclusions at this time as to which rotation will be the most profitable in 
the long term until the third cycle of the rotation study is completed following 2009 growing 
season. 
 
102 
Soil microbial communities in a potato rotation study.  Marcia Monreal1, Ramona Mohr1, 
Debbie McLaren1, Dale Tomasiewicz2, Karl Volkmar3, Byron Irvine1, Mohammad Khakbazan1, 
Alan Moulin1, Curtis Cavers2 
1Agriculture and Agri-Food Canada, Brandon Research Centre, Brandon, MB R7A 5Y3 E-mail  
Marcia.Monreal@agr.gc.ca 2 Canada-Manitoba Crop Diversification Centre, Carberry, MB R0K 
0H0; 3AAFC Southern Crop Protection and Food Research Centre, London, ON N5V 4T3. 

mailto:Marcia.Monreal@agr.gc.ca%202


Soil microbial communities were investigated in a potato crop rotation. Field plots were 
established on an Orthic Black Chernozem soil (Wellwood silt loam) over a period of 9 years 
(1998 through 2007) in South Western Manitoba, Canada. Rotation treatments of two 2-yr, two 
3-yr and two 4-yr crop rotations were established.  Rotations were:  potato-canola (PC), potato-
wheat (PW), potato-canola-wheat (PCW), potato-oat-wheat (POW), potato-wheat-canola-wheat 
(PWCW), and potato-canola (under-seeded to alfalfa)-alfalfa-alfalfa (PC(A)AA).  Each phase of 
each rotation was present in each year, for a total of 18 treatments. Soil samples were collected 
and processed in all experimental plots at two soil depths (0-7.5 cm and 7.5-15 cm), starting with 
a uniformity test in 1997 when all plots were seeded to barley, and on during rotations on 1998, 
and continued 1999, 2000, 2005, and 2007. Soil microbial substrate utilization were determined 
using the BIOLOGTM System (Biolog, Inc., Hayward, Calif.). This method is based on carbon 
utilization patterns of microbial populations on 95 different carbon sources contained in separate 
wells of a microplate. Three types of plates were used: GN (Gram-negative bacteria), GP (Gram-
positive bacteria), SFN (Spore forming and conidia forming microbes), identical to GN plates 
without tetrazolium redox dye, and YT (Yeasts). Reactions were determined after 3 and 8 days 
of incubation. Canonical discriminant Analysis results used to determine communities 
differences among rotations will be presented. 
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Novel use of the standard bioindicator Folsomia candida to monitor agricultural soil health.  
K. L. Nelson1, G. Boiteau2, D. H. Lynch1, R. D. Peters3 and S. Fillmore4. 1Nova Scotia 
Agricultural College, P.O. Box 550, Truro NS, Canada, B2N 4L2; 2Agriculture and Agri-Food 
Canada, Potato Research Center, 850 Lincoln Road, P.O. Box 20280, Fredericton, NB, Canada 
E3B 4Z7; 3Agriculture and Agri-Food Canada, 440 University Avenue, Charlottetown, PE, 
Canada C1A 4N6; 4Agriculture and Agri-Food Canada, 32 Main Street, Kentville NS, Canada 
B4N 1J5. 

The springtail Folsomia candida is presently used as an international standard indicator 
of heavy metal soil contamination. This study examined its potential as an indicator of changes 
in soil health. Initial tests demonstrated that neonate (1 d) springtails were better indicators than 
the 10 d old springtails used in ISO pollution tests. Exposure of Folsomia candida to a series of 
soil substrates selected arbitrarily to represent a gradient of increasing biological complexity and 
food availability (sand, forest, pasture and sand with yeast) showed that the body growth of the 
springtail does increase correspondingly.  The body growth also responded significantly better to 
agricultural soils collected from organic fields than from conventional fields. Folsomia candida 
also performed significantly better on soil from organic fields in their third or fourth year since 
potato  than on soil from fields in the potato year. Body growth over a period of up to 47 days 
was a better test criterion than survival or reproduction. Results demonstrate the potential of 
Folsomia candida as a bioindicator of changes in soil health in response to management 
practices.  
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Identifying constraints to potato productivity in the northeastern U.S. Honeycutt, C.W.1, T. 
Griffin2, R. Larkin1, M. Olanya1, Z. He1, and J. Halloran1. 1U.S. Department of Agriculture, 
Agricultural Research Service; New England Plant, Soil, & Water Laboratory; Orono, ME.  
2Tufts University; Boston, MA.  



Potato yield in Maine has remained relatively constant for over 50 years, despite 
increased production inputs. We evaluated Status Quo (SQ), Soil Conserving (SC), Soil 
Improving (SI), and Disease Suppressive (DS) potato systems to identify limitations to 
sustainability. Soil in the SI System had the lowest bulk density, highest microbial biomass C, 
and highest particulate organic matter C and N content. The SI and SC Systems exhibited the 
most stable soil aggregates. Highest Leaf Area Index (LAI) and Leaf Area Duration (LAD) were 
obtained in the SI System, and lowest LAI and LAD were observed in continuous potato under 
rainfed management. The same relationships were found under irrigated management; however, 
differences among cropping systems were much less distinct. These results indicate that 
management practices focused on improving the soil resulted in potato plant canopies with 
greater and longer lasting photosynthetic potential. This translated into higher yield, where the SI 
System under rainfed management increased total potato yield from 9-16 Mg/ha compared to 
continuous potato. Approximately the same yield increase was obtained through irrigation of the 
SQ, SC, and DS Systems. However, irrigation did not increase yield of the SI System. These 
results show that water is a primary constraint to increased productivity, and management 
practices that improve soils can be as effective as irrigation for reducing this constraint in the 
northeastern United States. 
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Earth Renew OM Plus as a source of nutrients for processing potato production.  
Konschuh, Michele and Simone Dalpe. Alberta Agriculture and Rural Development, Crop 
Diversification Centre South, 301 Horticultural Station Road East, Brooks, AB  T1R 1E6, 
Canada. 

Earth Renew OM Plus is a pelletized soil amendment made from processed feedlot 
manure and bedding.  The product is a source of nitrogen, phosphorus and potassium as well as 
organic matter.  The process used to produce the pellets renders the product free of weed seeds 
and pests, but retains organic matter and nutrient content.  The pelleting process also reduces 
overall moisture content of the final product, thereby reducing transportation costs.  The project 
involved incorporating several rates of product into soil prior to planting Russet Burbank 
potatoes and comparing these with a typical urea fertilizer program to determine whether the use 
of Earth Renew OM Plus could partially replace the nitrogen requirements for a processing 
potato crop.  A 1 ton/ac treatment did not differ significantly from an unfertilized check, but the 
2 ton/ac and 3 ton/ac treatments gave results similar to a standard urea fertilizer treatment.  The 3 
ton/ac treatment resulted in the greatest total and marketable yields with specific gravity in a 
desirable range for processing.  When sufficient Earth Renew was applied to compensate for N 
requirements, the levels of phosphorus may have been excessive.  The trial did not attempt to 
address improvements to soil organic matter or the future N potential of the product.  Additional 
work is planned to address these questions. 
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Economic and environmental impacts of developmental timing of irrigation initiation in 
potato. Landry, C. and C. Boivin. IRDA, 2700 Einstein, Québec, QC Canada G1P 3W8. 

As potatoes are often produced on light soils, which are prone to moisture deficits and 
nitrate leaching, their irrigation management warrants some scrutiny. Clearly defined, objective 
and quantifiable irrigation criteria and their economic and environmental impacts must be 
determined. Such a study was undertaken in 2007-08 with the cv. Goldrush. Sprinklers were 



triggered when a specific combination of soil moisture deficit and crop developmental stage 
occurred. Besides these treatments, non-irrigated N-fertilised and irrigated non-fertilised controls 
served to assess the impact of irrigation and calculate N use efficiency (NUE). Crop 
development, N-status, and yield, as well as N leaching losses were monitored to establish how 
they were affected by the stage at which irrigation was implemented. Poor yield and excess soil 
moisture at flowering were closely linked (r2>0.20). Akin to over-irrigation, heavy rains in 2008 
leached out much of the applied N fertiliser, dropping NUE by 31% (P<0.01). Excess water had 
a two-fold economic impact: a 41% decrease in marketable yield ($3,724 ha-1), and $48 ha-1 
greater N wastage costs. NUE's sensitivity to soil moisture status was all the more striking given 
that total precipitation was similar in both years, indicating that its unevenness was enough to 
reduce the benefits of N fertilisation. Rational irrigation management could aid in optimizing 
NUE. The associated loss of 83 of the 150 kg N ha-1 generally applied on QC’s potato farms 
represents 1.66 Gg N yr-1 ($3.3 million). To maximise fertilisation efficiency, soil moisture status 
should be managed according to well validated implementation criteria. This highlights the need 
for research in QC on the ties between NUE, soil moisture deficit-based irrigation and potato 
productivity. 
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Field and greenhouse performance of potato sprouts in Alaska.  Kuhl, J.C.1, A.J. Pantoja1, J. 
Smeenk2, and W.L. Campbell3. 1USDA-ARS, Fairbanks, AK 99775; 2University of Alaska 
Fairbanks, Palmer, AK 99645; 3Alaska Plant Materials Center, Palmer, AK 99645. 

 Currently Alaskan potato growers sell primarily freshpack, however a low level of 
disease pressure on potato seed production in Alaska suggests high quality seed can be produced.  
One limitation to seed export from Alaska is the high cost of shipping.  One way to address this 
limitation may be through the utilization of potato sprouts, thereby lowering shipping expenses 
and total overhead expenses.  We compare the productivity of potato sprouts with seed-pieces, 
minitubers, and tissue culture plantlets under field and greenhouse environments for three 
cultivars, Atlantic, Bintje, and Shepody.  A randomized complete block design of three 
replications was conducted at the University of Alaska – Fairbanks experiment station in Palmer, 
Alaska over two years.  Seed sources were evaluated for emergence, number of stems per plant, 
number of tubers per plant, yield per plant and tuber size classification.  Potato sprouts in the 
greenhouse were comparable to other seed sources for emergence, but were outperformed in 
other categories.  In the field sprout emergence was poor, and other categories varied by cultivar 
and year.   
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Economic comparison of compost vs. irrigation in Maine potato production systems.  
Halloran, J.M.1, Honeycutt, C.W.1, T. Griffin2, R. Larkin1, M. Olanya1, and Z. He1.  1U.S. 
Department of Agriculture, Agricultural Research Service; New England Plant, Soil, & Water 
Laboratory; Orono, ME; 2Tufts University; Boston, MA.  
 Potato productivity in the northeastern U.S. has been relatively constant for over fifty 
years, raising questions about what factors are limiting productivity. Research was initiated in 
2004 to identify key constraints to potato productivity by evaluating Status Quo (SQ), Soil 
Conserving (SC), and Soil Improving (SI) cropping systems under rainfed and irrigated 
management.  Partial budgeting was used to identify cost differences and impact on net revenue.  
Differences across these systems were associated with tillage operations, compost and 



application, and water management practices.  When compost was annually applied at 19 Mg/ha 
and evaluated over the entire three-year crop rotation cycle, the rainfed SI system cost more than 
the irrigated SC system once compost cost exceeded $9.15/Mg.  Average yields were used to 
calculate gross and net revenue for each system.  Since average potato yield for the irrigated SQ 
system (28.4 Mg/ha) equaled that in the rainfed SI system (28.3 Mg/ha), we were able to 
compare cost of irrigation vs. compost for achieving the same yield.  The rainfed SI system 
generated more net revenue from the potato crop than the irrigated SQ system if compost cost 
less than $7.42/Mg.  Comparing potato following compost amendment in the SI system with 
potato versus the SQ system indicates higher net revenue may be achieved in the common 
rainfed barley-potato rotation if compost costs are less than $22.95/Mg. This research shows that 
compost is a potentially viable substitute to irrigation for potato in the northeastern U.S.; 
however, this is dependent on compost production costs. 
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Production of Phytophthora infestans oospores in vivo in callus cultures. Deahl, K. Vegetable 
Laboratory, USDA, ARS, Beltsville, MD 20705-2350. 

We have developed a system that models the interaction between the two mating types of 
the Oomycete pathogen Phytophthora infestans and Solanum tuberosum plant tissue, to allow 
investigation of the viability and germination process of oospores in vivo.  Abundant oospores 
were formed in detached leaflets, intact sterile seedlings, callus and suspension cell cultures 
separately inoculated with asexual zoospores of the A1 and A2 mating types of the pathogen. 
Zoospores of P. infestans attached to clumps of host cells in suspension cultures, as they do to 
stems and leaves of intact seedlings. When suspension cell clusters are challenged with 
zoospores of compatible isolates of the two mating types of this pathogen, infection and 
colonization progress steadily, without any notable host response, until oospores differentiate 
60 h after inoculation. Colonized host cells appear to remain viable until this time. To our 
knowledge, this is the first report of the use of zoospores of P. infestans to generate sexual 
oospores in vivo in plant cell clusters and callus tissue in sterile media. This technique could be 
utilized in investigations of the development and germination physiology of oospores, since their 
precise role in the disease and life cycles of this organism is not well understood.  Knowledge of 
the factors involved in initiation of primary infections by oospores could be important in 
understanding their presumptive role in establishing and maintaining diversity and in the search 
for better control of late blight in potato and tomato cultivation. 
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The status of the A2 mating type of Phytophthora infestans in Ireland.  Cooke, L.R.1, S. 
Kildea2, D. Griffin2, L.J. Dowley2 and K.L. Deahl3.  1Agri-Food & Biosciences Institute, 
Newforge Lane, Belfast, BT9 5PX, UK; 2Teagasc Crops Research Centre, Oak Park, Carlow, 
Ireland; 3USDA, ARS, Vegetable Laboratory, Beltsville, MD-20705, USA 

The A2 mating type of Phytophthora infestans was first identified in Northern Ireland in 
1987 and in the Republic of Ireland the following year.  It was found in Ireland in most years up 
to the mid-1990s, but after this it was not detected again until 2005 in Northern Ireland and 2008 
in the Republic of Ireland.  In Northern Ireland, three out of 54 isolates (6%) proved to be A2 in 
2005, no A2 isolates were identified in 2006, but in 2007, 17% of isolates were found to be A2.  
Intensive sampling of five selected Northern Ireland crops in 2007 (82-119 isolates per crop) 
showed that in each case both mating types were present.  RG57 fingerprinting of 26 selected A2 



isolates from Northern Ireland identified two fingerprints, one of which was common to the three 
2005 isolates and three of the 2007 isolates.  The other 21 A2 isolates from 2007 had the 
fingerprint associated with the genotype known as 13_A2 (‘Blue 13’), which has been the most 
common in Great Britain since 2006.  This was the first finding of this genotype in Ireland.  A 
new all-Ireland blight project (with funding from the Research Stimulus Fund of Ireland’s 
Department of Agriculture, Fisheries & Food) started in the 2008 season and approx. 25% of 
isolates from extensive surveys throughout the island of Ireland have proved to be A2.  The 
13_A2 genotype has been identified among these A2 isolates and further characterization is 
ongoing to determine its prevalence.  Both mating types were again found in some crops, so 
there is a possibility of sexual recombination and the formation of oospores by P. infestans. 
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In vitro and in vivo responses of Atlantic and Norchip potatoes to simultaneous exposure to 
various heat stress regimes and Erwinia carotovora mutants.  Aziz, A. N., S. Kebe, C. K. 
Dumenyo and M. Jabar-Muhammad. Department of Agricultural Sciences, Tennessee State 
University, 3500 J. A. Merritt Blvd., Nashville, TN 37209, USA. 

Erwinia carotovora subsp. carotovora (E.c. carotovora) causes soft-rot in potato.  Such 
diseases and plant host stress can cohort for enhancing severity of infections.  This research 
addresses the host-stress in relation to infectivity on worlds’ fourth most important food crop.  
For comparative heat-stress studies two potato (Solanum tuberosum) varieties, i.e., 'Atlantic' and 
'Norchip' representing heat-sensitive and heat-resistant types, respectively were grown in tissue 
culture.  Two bacterial mutants of E.c. carotovora strain Ecc71 (N3 and A18) that differed in 
their virulence levels for causing bacterial soft rot, were used for heat-stress and pathogenicity 
nexus studies.  Mutant N3 had same virulence and A18 had increased virulence compared to 
wild type Ecc71.  These have been used in pathogen-infectivity studies on stressed and non-
stressed potatoes by evaluating extent of soft-rot infection on the host.  The unstressed plants 
were maintained at 22oC while different temperature stress regimes were provided by keeping 
the potato cultures at 42oC for 2, 4, 6, 16 or 24 hours followed by 22oC incubation before 
infection.  On the basis of these experiments, it is concluded that short (2 hrs) duration stress 
“prepares” host since subsequent E.c. carotovora infection could spread less on such treated 
plants compared to control.  On the other hand increasingly longer (4, 6, 16 and 24 hrs) stress 
treatment of the in vitro potatoes proportionately increased the level of infection on these hosts.  
In order to elucidate underlying mechanism(s), results of these experiments after being extended 
to greenhouse grown plants are discussed.   
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Molecular characterization and detection of recombinant isolates of Potato virus Y from 
China.  Xinxi Hu1,2, Changzheng He1, Ya Xiao1, Xingyao Xiong1 and Xianzhou Nie2, 1College 
of Horticulture and Landscape, Hunan Agricultural University, Changsha, Hunan, China 410128; 
and 2 Potato Research Centre, Agriculture and Agri-Food Canada, P.O. Box 20280, 850 Lincoln 
Road, Fredericton, New Brunswick, Canada E3B 4Z7. 

Although potato virus Y (PVY) is one of the most economically important pathogens of 
potatoes in China, few studies have been carried out to characterize the virus and its diversity in 
the country. Using reverse transcription-polymerase chain reaction (RT-PCR)-based genotyping 
developed previously, two types of recombinant PVY were identified in China for the first time. 
One resembled the European (Eu) type of potato tuber necrosis strain (Eu-PVYNTN), possessing 



three widely recognized recombinant joints (RJs 1-3) of the common strain (PVYO) and the Eu- 
type tobacco veinal necrosis strain (Eu-PVYN). The other, on the other hand, appeared to have 
only RJ1 and RJ2. The complete genome of a representative isolate, PVY-HN2, from the second 
type was subsequently sequenced. Comparison of the sequence of HN2 with those of PVYO and 
Eu-PVYN not only confirmed the recombinant nature of HN2, but also revealed the existence of 
three recombinant events in the isolate, similar to that in PVYNTN-Hun. However, the two 
isolates differed significantly for RJ1 (PVYNTN-Hun vs. HN-2, nt 2419 vs. 2521) and RJ3 
(PVYNTN-Hun vs. HN-2, nt 9183 vs. 8572) and slightly for RJ2 (PVYNTN-Hun vs. HN-2, nt 5844 
vs. 5867). A primer pair was developed to facilitate the detection of the alternative RJ3. Using 
the newly and previously designed RJ primers, all targeted RJs were detected. Interestingly, tests 
of the available PVY samples indicated that two were doubly infected with both types of 
recombinant PVY, further confirming the effectiveness of the detection. 
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Herbicide damage symptomology on potatoes…Don’t shoot the messenger!  Hutchinson, 
P.J.S. University of Idaho Aberdeen Research and Extension Center, Aberdeen, ID 83210.  
 Some preemergence and postemergence potato and non-target herbicides may cause both 
foliar and tuber damage while others may result in no above-ground visible symptoms during the 
growing season with tuber damage apparent any time from initiation to harvest. Since the major 
means by which potatoes have tolerance to potato herbicides is relatively fast product 
metabolism to a non-herbicidal compound, symptoms usually occur when environmental factors 
such as drought, temperature extremes, excessive cloudiness shortly before, during, or after 
application, or insect or disease damage cause stress and slow plant growth, which in turn slows 
herbicide metabolism. For example, if rimsulfuron is sprayed postemergence after 2 to 3 cloudy 
days or if the first few days after application are cloudy, potato leaves may have a crinkled, 
pinched appearance or even a temporary, mild mottled yellowing sometimes mistaken for virus. 
One of the herbicide classes which can cause both foliar and tuber damage is ALS inhibitors 
such as sulfonylureas and imidazolinones e.g. sulfometuron and imazamox. These herbicides are 
used on other crops such as small grains, corn, or alfalfa or for non-crop weed control and make 
their way into a potato field by drift from a nearby field, spray tank residues, or carry-over from 
application in the same field during a previous growing season. Leaves can be elongated, 
cupped, and/or crinkled. Tubers may have folds, creases, multiple knobs, and/or deep cracks. 
Included in this poster are pictures and descriptions of the aforementioned symptomology as well 
as the same for growth regulator and amino acid synthesis and photosynthetic inhibitor 
herbicides such as dicamba, glyphosate, and bromoxynil, respectively. 
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Screening of potato clones and cultivars for resistance to Globodera rostochiensis and G. 
pallida in Canada.  Bélair, G.1, Simard, L.1, Turcotte, P.2, Murphy, A.3 and Wood, S.4  
1Horticulture Research and Development Centre, Agriculture and Agri-Food Canada, 430 Gouin 
Blvd., St-Jean-sur-Richelieu, QC Canada J3B 3E6; 2Centre de recherche Les Buissons inc., 358 
rue principale, Pointe-aux-Outardes, QC Canada G0H 1M0; 3Potato Research Centre, 
Agriculture and Agri-Food Canada, 850 Lincoln Road, Fredericton, NB Canada E3B 4Z7; 
4Northwest Atlantic Fisheries Centre, Canadian Food Inspection Agency, 80 White Hills Road E, 
St-John’s, NL Canada A1C 5X1.   



In Canada, recent recovery of the Golden Nematode, Globodera rostochiensis, in the 
provinces of Québec (2006) and Alberta (2007) urged the Canadian potato industry to set up a 
national research program aimed on the integrated management of potato cyst nematodes 
(PCNs).  Currently, the five major potato varieties, grown in Canada for more than 50% of the 
cultivated area (~12 000 ha), have no resistance against G. rostochiensis.  Potato breeders have 
now included PCN resistance in their program and the screening of potato clones and varieties 
against both species of PCN is currently under way. In 2008, 370 clones and varieties were tested 
for resistance to G. rostochiensis using 6-inch diam. pots filled with 1 L of sand and peat mixture 
(1:2, v/v) and inoculated with 5000 eggs per pot.  All pots were positioned on a field for two 
months during the growing season.  Several white flesh clones and/or varieties have shown high 
resistance to G. rostochiensis and also good agronomic traits for the Canadian market. In 2009, 
clones and varieties from the potato breeding programs in Québec and Fredericton (New 
Brunswick) will be screened against G. pallida in Agriculture and Agri-Food Canada, St-John’s, 
Newfoundland. 
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Characterization of Feruloyltyramine Trimers from Potato Common Scab Lesions.  1King, 
R.R. and 2Calhoun, L.A.1 Potato Research Centre, Agriculture and Agri-Food Canada, P.O. Box 
20280, Fredericton, NB Canada E3B 4Z7. 2University of New Brunswick, P.O. Box 4400, 
Fredericton, NB Canada E3B 5A3. 

We previously reported that fractionation of the extracts from potato common scab 
lesions yielded two cross-linked feruloyltyramine dimers called grossamides. These compounds 
display anti-feedant properties and appear to function as intermediates in the wound healing 
process (suberization). LC-MS methodologies facilitated isolation of a related compound with a 
molecular formula indicative of a dehydrotrimer structure formed from three feruloyltyramine 
units. 1H NMR analysis determined that the compound contained a conjugated trans double bond 
and a phenylcoumaran-type linkage akin to those in the grossamides. 1H and 13C NMR 
correlation studies established the structure as that of a grossamide moiety linked through its 
double bond to the feruloyl phenolic of a feruloyltyramine unit. A geometric isomer of this 
feruloyltyramine trimer was also isolated and characterized. Identification of these two new 
compounds extends the known number of intermediates potentially involved in the suberization 
process and highlights a second type of inter-unit linkage available for construction of the 
polyphenolic domains in suberin. 
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Host resistance to pink rot of potatoes caused by Phytophthora erythroseptica.  Platt, H.W. 
(Bud)a, A. Murphyb and V. MacLeana. Agriculture and Agri-Food Canada,  aCrops and 
Livestock Research Centre, 440 University Ave., Charlottetown, PE, C1A 4N6 and bPotato 
Research Centre, P.O. Box 20280, Fredericton, NB, E3B 4Z7. 

Studies were conducted on Prince Edward Island to determine the response of potato 
breeding program lines and selected cultivars to pink rot following inoculation with either 
Phytophthora erythroseptica.  Seed tubers of National Potato Breeding Program lines and a 
number of commercialized potato cultivars were obtained following production in field plots to 
which standard recommended crop production and protection measures were followed. About 45 
days post-harvest, zoospore suspensions (approx. 10,000 spores/ml) of either Phytophthora 
erythroseptica were used to inoculate the washed tubers in replicated studies.  Inoculated tubers 



were stored in dark, high relative humidity (99%) conditions and assessed after 2 and 4 weeks 
incubation.  Each tuber was assessed for disease occurrence, % tuber surface area with disease 
symptoms and depth of disease symptom penetration into the tuber flesh. 
Several potato breeding program lines were highly or moderately resistant to Phytophthora 
erythroseptica and many more demonstrated moderate disease resistance responses.  Some of the 
entries may have potential as resistant parents or for further development as resistant cultivars 
although additional studies to determine the range of their disease responses are recommended.  
It was noted that these results demonstrate a relatively high level of resistance within the potato 
breeding program lines.  This success within the breeding program to improve resistance to pink 
rot provides good potential for the release of new potato cultivars with potential for reduced 
losses to this disease and the potential to reduce use and dependency on pesticides for disease 
management. 
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Efficacy of insecticidal Bacillus thuringiensis δδδδ-endotoxins against potato tuber moth, 
Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae). Sonu Kashyap1, S. K. 
Chakrabarti1, Prakash S. Naik1 and D. C. Gautam2.  1Central Potato Research Institute, Shimla 
171 001 India, 2 Department of Biosciences, Himachal Pradesh University, Shimla 171 005 
India. 
 The potato tuber moth, Phthorimaea operculella Zeller (Lepidoptera: Gelechiidae) is one 
of the major economic pests of potato in tropical and sub-tropical regions. Due to non-
availability of the resistant cultivars, the potato tuber moth is mainly managed by the use of 
cultural practices and chemical insecticides. Bacillus thuringiensis, the common soil bacterium, 
exhibits highly specific insecticidal activity against larvae of certain Lepidopteran, Coleopteran 
and Dipteran insects. Many insecticidal crystal proteins of B. thuringiensis have been reported to 
be toxic to larvae of potato tuber moth. In the present study recombinant δ-endotoxins of 
Bacillus thuringiensis, Cry1Aa, Cry1Ac, Cry1Ab, Cry1B, Cry Fused (Cry1Ab+Cry1B) and 
Cry9Aa2 were prepared and bioassayed against the larvae of potato tuber moth. Modified 
artificial diet for rearing of potato tuber moth larvae and the bioassay of δ-endotoxins was used. 
The median lethal concentration (LC50) values were calculated for the isolated δ-endotoxins. 
Cry9Aa2 was found to be most toxic (LC50 - 40 ng/ml) followed by Cry fused (Cry1Ab+Cry1B) 
(LC50 - 237.8 ng/ml), Cry1Ab (LC50 - 254 ng/ml), Cry1Aa (LC50 - 264.3 ng/ml), Cry1Ac (LC50 - 
276 ng/ml) and Cry1B (LC50 -1933.5 ng/ml). The LC50 values calculated in the present studies 
could provide additional information on the toxicity of these proteins towards potato tuber moth 
and it may further be possible to pyramid two or more cry genes for integrated pest management 
of potato tuber moth.  
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Analysis of complete genome and study of transmissibility of an Andean isolate of Potato 
vírus S (PVS) detected in Brazil.  Figueira, A. R.; Geraldino, P. S; Galvino, S. B.; Camargos, 
V. N. Department of Plant Pathology, Federal University of Lavras, C.P. 3037, 37200-000- 
Lavras-MG-Brazil. 

The Andean strain of Potato virus S (PVSA), named BB-AND, was detected for the first 
time in Brazil in 2007. Preliminary studies on nucleotide and amino acids sequence of the BB-
AND coat protein gene showed that it was different from other strains already described in other 
regions of the world. In order to compare the BB-AND genome with the sequences available in 



GenBank, it was fully sequenced and the aphids’ efficiency to transmit this PVSA isolate was 
also investigated. The sequence analysis of BB-AND, showed that the higher difference within 
the virus genome was observed in the first 3000 nucleotides, containing the 62pb non coding 
region and 5’ end of RdRp, which showed a nucleotide identity  between 75 to 76% when 
compared with other Andean isolates. The RdRp amino acid identity of the 5’ region was also 
from 73 and 88%. In spite of  being clustered with other PVSA  isolates, in the trees based on 
nucleotide and amino acids sequences, the identity among the BB-AND and other Andean 
isolates, available at the GenBank,  ranged from 81 to 85%. It showed a clear distinction among 
them. When the aphid Myzus persicae fed in infected Chenopodium quinoa plants, it transmitted 
BB-AND to 46.6% of the C. Quinoa and to 20% of the potato plants inoculated. Using potato 
plants as inoculum donor, Myzus persicae transmitted BB-AND to 11% of the C. Quinoa and to 
10% of the potato plants inoculated. The highest  transmission efficiency of Aphis gossypii was 
13,3% from C. Quinoa to C. quinoa, but this aphid species did not transmitted the virus from 
potato to potato plants. 
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Late blight forecasting as a test case for multi-regional, multi-scale forecasting 
cyberinfrastructure.  Baker1, K.M., P.S. Wharton2*, W.W. Kirk3, B. Plale4, I. Zaslavsky5. 
1Western Michigan University, Kalamazoo, MI. 2University of Idaho, Aberdeen, ID. 3Michigan 
State University, East Lansing, MI. 4Indiana University, Bloomington, IN. 5University of 
California - San Diego, Supercomputer Center, San Diego, CA.  

We present our team’s initial steps to create, implement, and validate a multi-scale, multi-
crop, multi-regional crop disease forecasting system funded by the USDA. Potato late blight risk 
forecasting in the Great Lakes region has served as a test case for system development and 
deployment. Rapid synoptic and mesoscale weather-based crop disease forecasting requires that 
the model workflow relies on integration of real-time data services from multiple sources, 
executed over a pool of high performance computing resources. Spatially explicit weather 
forecast model runs are initiated at the Linked Environments for Atmospheric Discovery 
(LEAD) portal and sent to run on TeraGrid using cyberinfrastructure funded by NSF. Model 
results include hourly values for microclimate variables that can be directly input into decision 
support systems. The primary cyberinfrastructure design challenges include: design of service-
oriented architecture for crop disease risk forecasting, management of heterogeneous data flows, 
data integration across different spatial and temporal scales, adaptation of the modeling 
environment to different crops, system scalability in terms of number of data sources, users and 
forecast granularity, design of flexible processing and forecasting workflows that can be easily 
tuned to changing environmental condition and triggered in environmental emergencies, 
interfaces with data systems in other domains, robust model validation and feedback system, and 
the design of reporting services useful in agricultural decision-making. 
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Streptomyces species and pathotypes causing common scab in North America.  Wanner, LA, 
USDA/ARS Genetic Improvement of Fruit and Vegetables Laboratory, Beltsville, MD 20705. 

Common scab of potato and other tuber/root crops, caused by soil bacteria in the genus 
Streptomyces, is an important potato disease in North America and worldwide. To learn what 
pathogenic Streptomyces species are found in N. America, 1471 Streptomyces isolates were 
analyzed from scabby potato from 26 potato locations distributed across the continent.  73% of 



the isolates were presumably pathogenic because they harbored genes for biosynthesis of 
thaxtomin, a phytotoxin necessary for pathogenesis in Streptomyces. Most pathogenic isolates 
belonged to four species previously associated with common scab, S. scabies (62%), S. 
europaeiscabiei (20%), S. stelliscabiei (6.7%), and a recently-described group that has been 
called IdahoX (5.8%). As illustrated on the map, species distribution was patchy, and different 
species were frequently found within a field or in adjacent fields.  S. scabies was predominant in 
the Midwest, while S. europaeiscabiei was more common in the northwest and upper northeast, 
and IdahoX was found primarily in the west. S. bottropensis and a similar species were 
characteristic of the Great Plains; these have not previously been reported as pathogenic species 
in N. America. A few isolates belonged to other species, including S. acidiscabies (restricted to 
the northeast), and 5 other 16S rDNA genotypes. This is the first report of S. turgidiscabies in N. 
America. Local and regional variation was also seen when isolates were typed for genes 
characteristic of the Streptomyces pathogenicity island. In conclusion, common scab is caused by 
at least 12 Streptomyces species in North America, which show additional genetic diversity in 
pathogenicity genes.  
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From Salt Stress Resistance to Disease and Sprout Suppression Using Essential Oils--- 
A Summary of Research Work 
Tanino, K.K., J. Shaterian, M. Etehadnia, X. Song, J. Pond, B. Nash, C. Neeser, D.R. Waterer, 
M. Bandara, J.Schoenau, J. Thomson, F. Georges, J. Wahab  and H. De Jong.  Department of 
Plant Sciences, University of Saskatchewan, Saskatoon, SK Canada S7N 5A8. 

Highlights of salt stress, disease and sprout suppression research are provided.  
Germplasm screening, methodologies and mechanisms of salt stress resistance were assessed in 
diploid and tetraploid commercial potato genotypes of contrasting salt stress resistance.  Potato 
can salt- acclimate and method of stress application differentially ranked the genotypes.  Salt 
stress resistant early maturing types generally were leaf NaCl-includers while late maturing types 
were NaCl-excluders.  Reciprocal grafting of resistant and sensitive potato genotypes  showed  
salt stress resistance was transferrable between scions and rootstocks.  An abscisic acid deficient 
genotype (ABA-) and its normal sibling (ABA+) revealed a role for calcium and ABA in salt 
acclimation through regulation of the K+/Na+ ratio.  Sprout suppression and disease control are 
critical elements in assuring potato tuber quality in storage.  Double applications of 4% essential 
oil extracts from Canadian-grown crops such as dill, caraway and spearmint were shown to 
completely suppress sprouting in seed, table and processing potatoes for over 15 weeks under 
storage.  Constituent analysis over two cropping seasons indicated dill weed contained 41.5-
42.7% of S-(+)-carvone and spearmint contained 97.2-97.6% of R-(-)-carvone.  Both the S(+) 
and R(-) isomers of the active ingredient, carvone, were effective in suppressing Fusarium 
culmorum, F. sambucinum, F. solani, F. sclerotiorum and Rhizoctonia solani under 23, 10 and 
4oC in vitro with R(-) completely inhibiting growth of R. solani even after removal of this 
essential oil treatment. 


