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Ecology and management of insect pests and diseases 

 

1. 

Evaluating foliar fungicide programs for potato early blight control in Wisconsin in 2012 

Cleveland, K.M., Jordan, S.A., Gevens, A.J.  University of Wisconsin, Department of Plant 

Pathology 

 

Potato early blight caused by the fungus Alternaria solani is a perennial and potentially 

destructive disease in Wisconsin.  In highly susceptible cultivars, early blight can cause 

premature defoliation of plants resulting in tuber quality and yield losses.  The Wisconsin potato 

industry is an important part of the state’s economy, valued at $166 million in 2011.  Fungicides 

are a costly and routine input in commercial conventional potato production, with multiple mid- 

and late-season applications specifically targeting early blight control.  With the recent 

registration of new fungicides and detection of Alternaria spp. resistance to azoxystrobin and 

boscalid in Wisconsin, we initiated a fungicide efficacy trial on ‘Russet Burbank’ at the 

University of Wisconsin Hancock Agricultural Research Station located in the Central Sands 

potato production region.  Early blight pressure was moderate and later than typical for the 

production region due to the unusually hot and dry weather.  Rhizoctonia was problematic at 

emergence, resulting in a reduced plant stand and lower than typical yields across all plots. Tuber 

early blight was not noted at harvest.  The average specific gravity across treatments was 1.072 

with no significant differences between treatments. 24 of the 32 treatments had significantly 

reduced disease when compared to the untreated control.  Of the 8 treatments that did not 

significantly limit disease, most were individual experimental compounds that were not 

integrated into a standard season-long fungicide program, and 2 were season-long straight copper 

applications.  Due, in part, to high variability between replications, there were no significant 

differences in total yield, or in yield of US-1 graded potatoes, across treatments and including the 

untreated control.  Numerically, however, mean total yield was greatest (>400 cwt/acre) for the 

following 5 treatments:  1) Moncoat MZ seed trt 1 lb/100 lb seed/Echo Zn 4.17F 2.0 pt 

1,2,4/Headline SC 10 fl oz and Echo Zn 4.17F 2.0 pt 3,6/Endura WG 3.5 oz and Echo Zn 4.17F 

2.0 pt 5,7/Dithane DF 2 lb and Super Tin 80WP 2.5 fl oz 8,9;  2) Echo Zn 4.17F 2.0 pt 

1,2,4/Headline SC 6 fl oz and Echo Zn 4.17F 1.5 pt 3,6/Luna Tranquility 11 fl oz and Echo Zn 

4.17F 1.5 pt 5,7/Manzate DF 24 oz 8/Scala 7 fl oz and Manzate DF 24 oz 9/Super Tin 80WP 2.5 

fl oz 10; 3) Vertisan 1.67EC 1.0 pt and NIS 0.25% 1,3,5,7,9/Tanos 50WG 6 oz and Manzate 

75WG 24 oz 2,4,6,8,10; 4) Echo Zn 4.17F 2.0 pt 1,3,5,9,10/Priaxor 4.0 fl oz and Echo Zn 4.17F 

2.0 pt 4/Endura 3.5 oz and Echo Zn 4.17F 2.0 pt 2,6/Dithane DF 2.0 lb and Zampro 14 fl oz 7,8; 

and 5) Echo Zn 4.17F 2.0 pt 1,2,4/Quadris Opti 1.6 pt 3,6/Revus Top 7.0 fl oz and Echo Zn 

4.17F 2.0 pt 5,7/Dithane DF 2.0 lb and Super Tin 80WP 2.5 fl oz 8/Dithane DF 2.0 lb 9,10.  

While the trial did not result in a clear separation of programs based on the statistical analysis of 

yield results, we did see significant control of disease with most treatments when compared to 

the untreated control.  The efficacy of newer compounds provides a useful toolbox of additional 

fungicides for use in resistance management programming in Wisconsin potato systems.    

 

  



2. 

Effects of local landscape composition on Colorado potato beetle (Leptinotarsa 

decemlineata) colonization of commercial potato in Wisconsin 

Huseth, A.S.
1
, Frost, K.E.

2
, Groves, R.L.

1
  University of Wisconsin-Madison, 1.  Department of 

Entomology, 2.  Department of Plant Pathology 

  

In Wisconsin, founding populations of Colorado potato beetle typically infest potato along field 

edges resulting in season-long pest pressure. Differences in abundance of beetles both within and 

between fields are thought to be influenced by the proximity and abundance of previous potato. 

Though important, previous potato does not consistently explain variability in annual infestation 

patterns in the potato agroecosystem. This raises the question: Is there a landscape composition 

surrounding potato that relates to the abundance of Colorado potato beetle in commercial fields? 

In this study we related landscape composition with beetle abundance to identify locations of 

high and low colonization risk. Specifically, points sampled for Colorado potato beetle 

abundance in 2008 were hierarchically clustered into thirteen groups based on habitat 

composition within a 1,000m radius. When beetle abundance data were aggregated by cluster, 

three distinct levels of beetle pressure were apparent. Averaged landscape attributes for each 

cluster generated from 2008 data were used to select 30 points of high and low risk at random 

from 301 potato fields, in 2012, based on the habitat composition adjacent to the field edge. 

Selected points were counted over four weeks and the response of Colorado potato beetle was 

expressed as accumulated insect pressure over time. Colonization of high and low risk clusters 

showed no significant differences in the first two weeks of the study (t=-0.3522, df=56, p-

value=0.73). Preliminary results in 2012 indicate that more data are needed to further inform our 

understanding of the habitat composition adjacent to potato fields that influences beetle 

abundance. 

 

3. 

Cyst Nematodes 101 for Potato Producers 

MacGuidwin, A., University of Wisconsin-Madison, Department of Plant Pathology 

 

The common name “cyst nematode” refers to four different genera of plant-feeding nematodes.  

Three genera, Cactodera, Heterodera, and Punctodera, are common in Wisconsin.  The fourth, 

Globodera, has not been detected in Wisconsin and includes the Golden Potato Cyst Nematode 

(G. rostochiensis) and the Pale Potato Cyst Nematode (G. pallida).   Both species of Potato Cyst 

Nematode (PCN) are of extreme importance to the potato industry.  They cause a high degree of 

yield loss and fields infested with these species are regulated by the Animal Health Plant 

Inspection Service (APHIS).   A third Globodera species that feeds on potato, G. ellingtonae, 

was described in 2012 from Oregon and Idaho and its impact on the potato industry is not yet 

known.  The distribution of PCN in the United States is very localized:  G. rostochiensis occurs 

in New York and G. pallida has only been detected in Idaho.  Nematode test results for 

Wisconsin potato fields may report cyst nematodes so it is important that growers understand the 

species likely to be present in their fields.  Some species, such as Heterodera glycines  (soybean 

cyst nematode (SCN)), cause yield loss of snap bean, pea, or soybean grown in rotation with 

potato.  Populations can build rapidly in sandy soils so planting SCN-resistant soybean varieties 

is important for maintaining yield.  Other cyst nematodes, such as Cactodera milleri 

(lambsquarter cyst nematode) feed on weed hosts and are not considered to be agricultural pests.  



The adult female nematode of all cyst species can be seen protruding from roots in June and July.  

The females are a pearly white color and smaller than the head of a pin.  Potato is not a host for 

Heterodera or Cactodera species so roots, stolons, or tubers of potatoes that appear to be infected 

with cyst nematodes should be sent to a diagnostic clinic.   

 

4. 

Silver Scurf Disease of Potato: Current Understanding and Its Implications 

Mattupalli, C., Kingstad, J. L., and Charkowski, A. O., Department of Plant Pathology, 

University of Wisconsin-Madison 

 

Silver scurf is caused by the fungus, Helminthosporium solani which affects tuber appearance. 

Loss of pigmentation occurs in severely infected tubers, especially on red-skinned cultivars, and 

reduces their fresh market value. In a recent study, we found that the disease is severe and 

prevalent across three organic farms in Wisconsin. To address this problem, we conducted mini-

tuber assays to screen for potato lines that are resistant or tolerant to silver scurf. In one of the 

trials, the average spore production ranged from 194,000 spores per mini-tuber (Peruvian Blue) 

to 44,000 spores per mini-tuber (White Cobbler). C287, a breeding line produced only 3,600 

spores per mini-tuber, which is about 8% of the total spores produced by the commercial variety 

White Cobbler. Our mini-tuber inoculation assay results show that the breeding line, C287 may 

have tolerance to silver scurf disease. Further field trials are necessary to evaluate its 

performance in fields at various locations. Despite having a world-wide distribution, H. solani is 

an under-studied pathogen with no genomic information. Here we report results from a draft 

genome of the fungus, which will be made available for public use. The estimated genome size 

of H. solani is 49.9 mega base pairs. Analysis of the genome revealed the presence of genes 

involved in cell-wall degradation and possibly toxin production, both of which may play a role in 

the infection process. Use of this genomic information in disease diagnosis and breeding for 

resistance are being explored.  

 

5. 

Solanaceous plants with late blight resistant genetics resist production of oospores by P. 

infestans 

Sanchez Perez, A., and Gevens, A.J., University of Wisconsin-Madison, Department of Plant 

Pathology 

 

Phytophthora infestans, causal agent of tomato and potato late blight, is a heterothallic 

oomycete.  Both A1 and A2 types have been isolated from WI fields in 2009-2011 presenting 

risk for oospore production.  However, to date, mating types have been geotemporally isolated.  

The use of resistant cultivars can aid in management of this disease, yet the potential for oospore 

production on or in resistant cultivars has not been evaluated with new clonal lineages.  P. 

infestans genotypes identified as US-22 (A2), US-23 (A1), and US-24 (A1) were evaluated for 

their ability to form oospores in potato, tomato, and solanaceous weeds.  Two combinations were 

evaluated, US-22 x US-23 and US-22 x US-24, and a single mating type US-22 as control. Four 

plants of each type were inoculated with sporangial suspensions of each inoculum and incubated 

under 100% relative humidity at 18°C.  At 8 days post inoculation (dpi), no oospores were found 

in all treatments.  At 15 dpi, high numbers of oospores were produced with the mating type pairs 

in leaf tissue and in the epidermal tissue of stems of all susceptible and moderately resistant 



varieties of potato and tomato.  No oospores were found in tomato carrying Ph2 and Ph3 

resistant genes, and potato and tomato carrying the RB resistant gene. Low numbers of oospores 

were produced in S. physalipholium and S. dulcamara, with mean value of 7.27 and 6.54 

oospores/mm
2
 respectively. Tomato and potato cultivars without RB gene, and  without Ph-2 and 

Ph-3  were better hosts for oospores than the two solanum weeds, with a mean of 13.51 

ospores/mm
2
 of leaf area of potato and 14.74 ospores/mm

2
 oospores for tomato.  We 

demonstrated the potential for oospore production in planta with newly introduced P. infestans 

clonal lineages, which may play a significant role in the management and epidemiology of late 

blight.  

 

6. 

Characterization of Phytophthora infestans causing late blight in Wisconsin tomato and 

potato crops from 2009 to 2012 
Seidl, A.C. and Gevens, A.J., University of Wisconsin-Madison, Department of Plant Pathology  

 

Phytophthora infestans causes late blight of potato and tomato, a disease that has been estimated 

to cost U.S. potato growers $287.8 million annually. Potatoes and tomatoes are important in 

Wisconsin, with an annual total acreage of approximately 67,000 in 2011.  Late blight has 

affected potatoes and tomatoes in Wisconsin through the decades, but between 2002 and 2009, 

the disease was not detected. We collected isolates of P. infestans from Wisconsin from 2009 to 

2012 and determined clonal lineage, mating type, and sensitivity to the systemic fungicide 

mefenoxam. Overall, 143 isolates were collected from 52 locations in 20 Wisconsin counties 

from 2009 to 2012.  Three novel clonal lineages, US-22, US-23, and US-24, were identified. In 

2009, most of the late blight samples received were on tomato, likely due to dispersal on tomato 

transplants, but by 2011 and 2012, detects were mostly on potato. US-22 was the primary clonal 

lineage recovered in 2009, but by 2011 was not identified. US-24 was common only in 2010 and 

2011. US-23 was present at a single location in 2009, but by 2012 it was the only clonal lineage 

recovered. US-22 is of the A2 mating type and sensitive to mefenoxam.  US-23 and US-24 are of 

the A1 mating type and primarily intermediately sensitive to mefenoxam.  Both mating types 

were present in the state in 2009 and 2010 but were separated by county and/or growing season, 

and no evidence of sexual recombination or soil persistence was detected in Wisconsin.   The P. 

infestans population in Wisconsin has shifted to include the A1 mating type exclusively.  The 

presence of new clonal lineages of P. infestans in Wisconsin indicates a need for continued close 

monitoring of late blight by growers and researchers alike to facilitate generation of timely 

information for enhanced disease management. 

 

 

  



Crop fertility, irrigation, and weed management 

 

7. 

The future of herbicides for vegetable crops:  are we out of options? 

Colquhoun, J., Heider, D., and Rittmeyer, R.  University of Wisconsin-Madison, Department of 

Horticulture 

 

Herbicide registrations in minor crops have been few and far between in recent years for several 

reasons, including the adoption of herbicide-resistant agronomic crops, increasing costs to 

procure pesticide registrations and liability associated with use on high-value crops.  With this 

context in mind, a multi-species herbicide screen was conducted in 2010 to determine vegetable 

crop tolerance to several existing herbicides applied pre- or post-emergent.  Herbicide active 

ingredients included: cloransulam-methyl, ethalfluralin, flumioxazin, fomesafen, imazosulfuron, 

KIH 485, linuron, mesotrione, oxyfluorfen, pyroxsulam, rimsulfuron, saflufenacil, sulfentrazone 

and topramezone.  Crops included: carrot, cucumber, onion, pea, potato, pumpkin, radish, red 

beet, snap bean, spinach, sweet potato and transplanted pepper.  In 2011, several potential 

herbicide-crop combinations identified in the multi-species screen were evaluated in replicated 

and yielded studies.  In the multi-species screen, 72 crop-herbicide combinations exhibited 

sufficient crop safety to warrant further replicated study and yield evaluation.  In subsequent 

replicated and yielded studies, crop safety and yield were similar to the hand-weeded or industry 

standard treatments where cloransulam-methyl, KIH 485, mesotrione or saflufenacil were 

applied individually in potatoes, where s-metolachlor or oxyfluorfen were applied in transplanted 

peppers, where imazosulfuron or sulfentrazone were applied in cucumbers and where fomesafen, 

linuron, oxyfluorfen, saflufenacil or sulfentrazone were applied in onions.  While the multi-

species screening methodology used in this research is not novel and some of the results not 

unprecedented, this project demonstrates that the bottleneck in minor crop herbicide registrations 

is not necessarily due to a lack of existing viable products, but likely more so related to the 

above-mentioned economic and registration hurdles.  Given the withdrawal of several herbicides 

in minor crops and resistant weed development, the future of minor crop weed control is reliant 

on a creative solution, such as the enhancement of federal support programs that could act as a 

third-party registrant.  Please note that the majority of these herbicides are not registered for 

use on the tested crops – always read and follow the pesticide label. 

 

8. 

Using the Wisconsin Irrigation Scheduling Program (WISP) and soil moisture monitoring 

to manage root zone soil water content 

Panuska, J.
1 
 and Wayne, R.

2
  University of Wisconsin-Madison, 1.  Biological Systems 

Engineering Department, 2.  Department of Science 

 

Water stress can adversely impact crop yield and quality making adequate root zone soil water 

availability essential to any crop production operation.  Irrigation has become an important tool 

of choice by growers for drought risk management. The recommended approach to root zone soil 

water management includes the use of soil moisture tracking in combination with monitoring.  

Irrigation scheduling and rainfall forecasts can project soil moisture conditions into the near 

future (1-3 days) while monitoring can be used to ground truth scheduler predictions.    

 



The Wisconsin Irrigation Scheduling Program (WISP) is an irrigation water management tool 

designed to help growers optimize crop water use efficiency by tracking the root zone water 

inputs and outputs.  Using WISP's water balance predictions, along with soil moisture 

monitoring, a grower can plan irrigation timing and amount to take maximum advantage of 

natural rainfall while minimizing over-application of water.  WISP uses the checkbook method 

to track water inputs (rainfall and irrigation) on a daily basis and losses through 

evapotranspiration (ET) and deep drainage. 

 

Types of moisture monitoring systems include portable probes and sensors at fixed locations.  

Portable probes have the advantage that measurements can be taken at several locations, but 

require walking or driving to the desired location.  Stationary probes are placed at several 

predetermined depths and can operate continuously.  Stationary probes must be placed at 

locations considered to be representative of the management unit.  Stationary probes need to be 

directly accessed in the field or they can continuously upload data for web access.  Monitoring 

technologies range from relative inexpensive mechanical means to more costly electronic 

sensors.   Common sensor technologies include: soil water tension, capacitance and time domain 

reflectively.  The approximate cost, advantages and disadvantages of the various technologies 

will be presented and discussed. 

 

9. 

Nutrient and weed management in organic sweet corn systems in the Central Sands of 

Wisconsin (with applicability to conventional systems as well!) 

West, J.R., Ruark, M.D., Bussan, A.J., Silva, E.M., Colquhoun, J.B.  University of Wisconsin-

Madison, Departments of Horticulture and Soil Science 

 

Sweet corn is a high value, high nitrogen (N) demand crop. Growing sweet corn in the Central 

Sands region of Wisconsin can be challenging, as N is a transient nutrient and is easily leached 

out of the root zone. There is also growing interest, especially among organic growers, in 

utilizing non-commercial N sources on sandy soil, such as composted manure and green 

manures. Weed management is also challenge to large-scale organic vegetable production 

because weeds compete for nutrients in fertilized soils and herbicide application is not permitted 

in organic systems. The goal of this research is to develop nutrient and weed management 

programs that will decrease agronomic and economic risk associated with conversion to organic 

systems thus increasing adoption of organic management practices in this region. Three nitrogen 

inputs were evaluated: spring-seeded field pea, composted poultry manure, and feather meal. 

Data collected include yield; biomass of corn, weeds, and field pea; nitrogen uptake in corn, 

weeds, and field pea; and post-harvest soil nitrate. The first year of data collection demonstrated 

a positive response to nitrogen fertilization with maximum yields between 7.1 to 9.4 ton/ac at 

150 to 200 lb/ac of N, but little system effect attributable to green manure or animal manure 

systems or difference in weed management. This is likely due to inherently low levels of plant-

available nitrogen in organic amendments and very fast mineralization and leaching potential of 

nutrients in sandy soil. The second year of data collection was expanded to include regular soil 

testing for nitrate to track nitrogen mineralization in these systems and thus hone nutrient 

crediting and application timing. At this time we cannot recommend use of pre-season organic 

amendments in sandy soil that cannot retain plant-available nitrogen as it mineralizes. 

 



Plant breeding and variety evaluation  

 

10. 

Breeding for resistance to common scab in potato 

Braun, S.R. and Jansky, S.  University of Wisconsin-Madison, Department of Horticulture and 

USDA-ARS 

 

Wild potato relatives are a source of favorable traits, including resistance to common scab. A 

diploid line of the wild species Solanum chacoense with resistance to Streptomyces scabies was 

crossed as a male to the susceptible cultivated line US-W4. Two of their progeny were crossed to 

each other to create an F2 population of 110 individuals. This population segregates for chip 

color out of cold storage, tuber appearance, specific gravity, and resistance to common scab. In 

2011 and 2012, the population was planted in the scab nursery in Antigo.  Plants were scored for 

flower initiation, vine maturity, and vigor. Tubers were harvested, washed, and scored for scab 

by estimating percent surface area of lesions on each tuber and for lesion type (superficial, 

raised, pitted). Up to ten tubers per plot were scored. After 3 weeks at room temperature, tubers 

were placed at 4°C and then chipped after 2 ½ months.  Data from this study are being used to 

determine where resistance is located in the genome. Molecular markers for resistance to scab 

and cold-induced sweetening will allow breeders to make faster progress in breeding for those 

traits. This study has also identified superior lines that are being evaluated as germplasm releases 

for breeders to use in cultivar development. 

 

11. 

Marker Assisted Selection for the Development of Potato Virus Y Resistant Potato Varieties 

in Wisconsin 

Fulladolsa Palma, A.C.
1
, Kota, R.

2
, Severson, K.

 3
, Navarro, F.

 4
, and Charkowski, A.O.

 1
 

1. Department of Plant Pathology, University of Wisconsin-Madison, 2. School of Medicine and 

Public Health, University of Wisconsin-Madison, 3. J.R. Simplot Company, 4. Department of 

Horticulture, University of Wisconsin-Madison
 

 

Potato virus Y (PVY) is a widespread pathogen of potato (Solanum tuberosum L.) that causes 

significant yield reductions. It is the most important biotic factor limiting certification of seed 

lots in Wisconsin. PVY management strategies are focused on excluding the virus from seed 

potatoes and using resistant varieties. Researchers have identified major resistance genes in the 

wild relatives of potato, including Rysto from Solanum stoloniferum and Ryadg from Solanum 

tuberosum subsp. andigena. As an initial step in the process of incorporating these resistance 

genes into the materials used by the UW-Potato Breeding Program, we screened 50 potato clones 

with the STS molecular marker YES3-3B and the SCAR marker RYSC3, to detect the resistance 

genes Rysto and Ryadg, respectively. Plants were inoculated with PVY and the presence of the 

virus was determined using a dot-blot immunoassay and PVY-specific enzyme-linked 

immunosorbent assay (ELISA). The YES3-3B marker was observed in 11 clones and the RYSC3 

in one clone. Both markers correlated with resistant phenotypes. Furthermore, one of the clones 

carrying the YES3-3B marker, White Lady, was used as a female parent in a cross with the 

recently released variety Nicolet to generate a population of 188 F1 individuals. Molecular 

marker analysis using the YES3-3B marker showed a 1:1 Mendelian segregation of the marker 

(91/188 resistant genotypes; Chi-square=0.1915; p-value=0.6617). The same population was 



taken to the filed, phenotypic data was collected, and initial selections were made. These results 

confirm the usefulness of molecular markers for identification of PVY resistant parents and may 

be useful for selection of resistant clones. 

 
12. 

Combining sources of resistance into an adapted breeding germplasm  
Meier, A., Jansky, S., Halterman, D.  University of Wisconsin-Madison, Department of 

Horticulture and USDA 
 

Both early blight and late blight of potatoes, caused by Alternaria solani, and Phytophthora 

infestans respectively, have significant effects on potato yields in most potato growing regions.  

Typical control for these diseases include fungicides sprayed regularly for prevention and 

protection. It is important to note that plants with resistance to late blight will still be treated with 

fungicides to control early blight. A long-term goal of this research project is to minimize the 

economic and environmental costs associated with fungicide application through the introduction 

of host resistance to both these diseases into cultivated potato. Resistance to both of these 

pathogens has been identified in wild species; Phytopthora resistance is conferred via the RB 

gene from S. bulbocastanum (Song 2003), and although dominant early blight resistance hasn’t 

been well characterized in potato, resistance is found in wild species such as S. palustre and can 

be introduced into cultivated potato via somatic fusion with S. tuberosum (Ahmet 2004)  These 

two somatic fusions products were backcrossed with cultivated varieties several times to yield 

resistant tetraploid clones K41, and +297.  A cross was made using these two different sources of 

resistance to create a population of progeny that is segregating for both sources of resistance.  

The family was then phenotyped for both late blight and early blight resistance to identify clones 

containing resistance to both.  The family was also grown in the field in order to measure yield, 

as breeding germplasm is useless without acceptable yield traits.  The clones that were identified 

as containing resistance to early blight, late blight, and possessing acceptable yield traits were 

then crossed with existing tetraploid potato varieties to ensure they were not sterile.  The major 

outcome of this project will be enhanced germplasm that can be used by breeders to reduce the 

need for fungicide applications.  The project will also support ongoing efforts in the Halterman 

and Jansky labs to better understand the inheritance of EB resistance, which can be quite 

complex. 

 

13. 

New Long and Short Storage Potato Chip Clones from the Wisconsin Breeding Program 

Navarro, F.
1
, Bowen, B.

2
, Palta, J.

1
 1. University of Wisconsin-Madison, Department of 

Horticulture, 2. University of Wisconsin Rhinelander Agricultural Research Station 

 

A goal of the UW Potato Breeding Program is to develop genetically superior potato cultivars 

that satisfy or exceed standards for yield and grade for the chip processing market. Each year, 

desired parental lines are crossed and their progenies evaluated emphasizing early selection in 

Central WI and other environments. The main objectives are the development of long storage 

chippers as potential Snowden replacements, and the development of early chippers as potential 

Atlantic replacements. The industry is searching for varieties with longer and more consistent 

chip long storage performance than Snowden. Snowden has a high probability of losing 

marketable chip quality as early as February-March. The industry is also searching for clones to 



replace Atlantic due to internal heat necrosis, hollow heart and other tuber internal defects. 

Recently, our program has named three clones, Nicolet, Tundra and Lelah, considered as 

potential Snowden substitutes. We have also named Accumulator, as a potential Atlantic 

substitute. Nicolet has yield that is competitive with Snowden. Overall field performance is 

similar to Snowden. Nicolet has outperformed Snowden consistently in chip quality from long 

storage in challenging years and has significantly less chip defects due to stem end discoloration. 

Tundra can also have better chip quality from long storage compared to Snowden in those years. 

Accumulator is a variety with tremendous yield potential, usually 20% over Atlantic and more 

resistant to tuber internal defects. Other clones such as W5955-1, common scab resistant, 

W5015-5 and W5015-12 are being tested due to their good performance. Foundation seed of 

Accumulator, Nicolet and Tundra may be available from the Foundation Seed farm. Breeders’s 

seed for all these clones may be available at the Rhinelander ARS. 
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A goal of the UW Potato Breeding Program is to develop genetically superior russet potato 

cultivars that satisfy or exceed the standard for yield and grade for the fresh market and 

processing markets. Each year parental lines with desired traits are crossed and progenies are 

evaluated for fresh market and processing traits, emphasizing early selection evaluation in 

Central WI and other environments. In the last few years we made significant progress towards 

identifying superior russet potatoes. The main objectives we pursue are development of 

alternatives for the fresh market for varieties like Goldrush, Russet Norkotah or Silverton. In 

addition, processing varieties with more consistent agronomic and processing quality compared 

with Russet Burbank while closely retaining the processing attributes of Russet Burbank are 

desired. Several clones, including W9133-1rus, W9433-1rus, and W8516-1rus, W9429-1rus, 

W8772-1rus and W8722-1rus are very attractive and are recommended for on-farm trials. 

Several WI processing russets have been evaluated by the National French Fry Processing Trial 

in five US locations including Hancock WI. Results indicate that W8152-1rus has consistently 

had low acrylamide but has not been thoroughly evaluated for French fry attributes required by 

quick service restaurants. W6234-4rus has had acceptable QSR traits overall. These two clones 

are being evaluated by for quality assurance by the NFPT and SCRI projects. Due to the superior 

agronomic and processing performance of these fresh market and processing russet clones, it is 

expected that some will be released as varieties and be adopted by the growers and industry in 

the near future. 
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A goal of the UW Potato Breeding Program is to develop potato cultivars that are genetically 

superior and that satisfy or exceed the standard for yield and grade for red and yellow flesh 

varieties. To achieve these objectives, parental lines with desired traits are crossed and progenies 



are evaluated emphasizing early selection evaluation in Central WI and other environments. 

Recently we have identified several red skin, yellow flesh and specialty type clones with 

attractive appearance off the field and from early storage. The main objectives we pursue are the 

development of alternatives for the fresh market for varieties such as Dark Red Norland and 

Yukon Gold. Growers have expressed interest on early red varieties and red varieties that can 

retain color in storage. Also there is interest for finding alternative options for yellow flesh 

varieties. Dark Red Norland is a variety that is consistent in yield and other agronomic attributes 

but loses color in storage. One of the flaws of Yukon Gold is its susceptibility to common scab. 

The red clones W6002-1R, W8405-1R and W8886-3R have been selected red clones due to their 

superior attributes. W6002-1R is very smooth, great type and uniformity of size. W8405-1R has 

dark red and smooth tubers; and W8886-3R is very early, which is required for potential Dark 

Red Norland replacement. The yellow flesh clones W6703-1Y and W6703-5Y have strong and 

consistent common scab resistance even when planted in soils where susceptible varieties are 

severely impacted. Foundation seed of W6002-1R and W6703-1Y will soon be available from 

the Lelah Starks Foundation Seed farm. Breeders’s seed for all these clones may also be 

available at the Rhinelander ARS. 
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Common scab (CS) of potato, caused by Streptomyces scabies, is an important disease in the US. 

Cultural practices such as fumigation, altering soil pH and managing soil moisture during tuber 

development have produced unreliable CS control. The best CS control method is the use of 

disease-resistant varieties. However, breeding programs have had little success in developing 

resistant varieties due to high location to location and year to year variation which reduces 

selection efficiency. Our goal is to identify potato clones with stable resistance, especially when 

grown in locations where severe disease conditions may occur. This research evaluated over 160 

advance lines for five years at three locations. Hancock Experimental Station and Heartland 

Farms (Hancock, WI) had fields with moderate CS severity and Alliston, ON had a field with 

very severe CS.  Clones were evaluated during 2006-12 using three replications. At harvest, 

tubers were rated on a 1-5 severity scale where 1 = no scab and 5 = potatoes with 100% of tuber 

area showing coalescent deep pits or raised lesions. Genetic variation, heritability and stability of 

common scab were calculated for locations and years. Results indicated a highly significant 

clone-clone variation for CS resistance for each year and location. Most stable resistant clones 

were identified in years with higher CS severity. This has provided an efficient and effective 

procedure to select clones with stable common scab resistant clones, such as W5955-1, W6609-3 

and W8772-1rus. These clones may also have agronomic and tuber traits to be considered as 

potential new releases. 
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Potato varieties exhibit significant variation for chip color after being subjected to cold storage.   

Potato genotype and the specific storage regime, as well as the interaction of those factors play 

important roles affecting the quality of the potato chip.  The selection of potato varieties which 

produce light-colored chips following storage at low temperatures and for long durations has 

been a primary goal of potato breeding programs.  A combined strategy of evaluating chip 

performance after multiple storage regimes and applying stability analyses to the data can help 

identify these lines.  To demonstrate this, chipping performance of 47 breeding lines and 6 

standard varieties was evaluated across eight storage regimes, consisting of two storage 

temperatures (42°, 47°F) and four storage durations (3, 5, 6, 9 months).  The eight regimes were 

treated as “environments” and stability analyses were performed to determine which lines have 

the most stable chipping quality across all storage conditions.   Five different stability measures 

were applied to the data, and we were able to identify lines which exhibit stable chipping 

performance.  The most stable lines across environments were W6484-5 and W6929-1, which 

also ranked in the top 3 for mean chip color and significantly outperformed the standard 

varieties.  Our results indicated that the most stable lines were identified among the best 

performers under harsh storage regimes (42°F/9 months).  Potato breeders can use this approach 

to improve the selection efficacy for chipping lines which are stable across the harshest storage 

environments. 
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In the Wisconsin breeding program, varieties are selected in a scheme that involves multiple 

years of testing in small replicated plots in many locations. ‘Nicolet’ and ‘Accumulator’ have 

recently been advanced by the SpudPro promotion committee and foundation or certified seed 

made available for testing on grower’s farms.  In the summer of 2012, a study evaluated on-farm 

performance of ‘Accumulator’ and ‘Nicolet’. Six potato growers participated, three seed growers 

and three commercial growers who planted either ‘Nicolet’ or ‘Accumulator.’ Three farms were 

located in Northern WI and three in the Central Sands area. ‘Accumulator’ was grown in the 

three seed farms, while Nicolet was grown in all three commercial farms and one seed farm. 

Data were taken on plant size as well as tuber size, weight, and number at the six farms.  Data 

were recorded four times from June to August. Growing Degree Days (GDD50), was used to 

associate variety performance to length of the vegetative process and general performance. 

Yields from ‘Nicolet’ as estimated by commercial growers ranged from 400 cwt to 920 cwt. 

‘Accumulator’ seed yield ranged from 355 to 510 cwt. Two of the three ‘Accumulator’ farms 

had significant losses due to common scab. Yield variation was highly dependent on grower 

management; this reiterates that ‘Nicolet’ and ‘Accumulator’ can be managed for high yield. 



There is interest by commercial growers to continue to test ‘Nicolet’ due to yield and processing 

quality. There is a growing demand for ‘Accumulator’ seed, especially to be planted in the 

South. Experience of seed growers in 2012 highlights that ‘Accumulator,’ a variety with very 

high yield, is a risky choice when planted in fields where severe common scab occurs.  
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Tuber internal quality is a major limiting factor for the US potato industry.  Breeding efforts 

have produced varieties with improved processing traits such as Atlantic but these varieties lack 

of desirable internal quality. In-season fertilization with calcium is known to result in an increase 

in tuber calcium and lower incidence of tuber internal defects, bruise susceptibility and reduced 

storage rot. Significant genetic variations in tuber calcium content among the major US potato 

cultivars have been found, and Superior has been the highest among the chipping varieties.  Our 

studies were aimed at investigating the genetic potential for improving internal quality of 

Atlantic type by increasing the tuber calcium content. Therefore, reciprocal populations were 

generated by crossing Atlantic and Superior in order to study the genetics of tuber quality traits 

and select varieties with chipping quality similar to Atlantic and improved internal quality 

similar to Superior. From the evaluation of over 300 clones, significant genetic variation for 

tuber calcium, chip quality and internal quality was found for both reciprocal populations. By 

simultaneous evaluation of these hybrids for common scab under commercial production, we 

have identified promising cultivars with good chipping quality, enhanced tuber internal quality 

and tolerance to scab. 

 

  



Developments in crop physiology 
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There is a pressing need for new fry processing varieties that meet customer requirements for 

sensory, texture, and color attributes, which are strongly dependent on tuber sugars and solids.  

Optimal shape and size distribution are important to processors for fry recovery.  Agronomic 

performance, including yield, disease resistance and nutrient requirements must be compatible 

with grower profitability and environmental stewardship. Processed products must have reduced 

amounts of acrylamide to decrease concerns related to consumption of this potential health 

hazard. The National Fry Processing Trial addresses these needs through direct industry and end-

user participation in the evaluation and promotion of recent releases and advanced selections 

from potato breeding programs. This effort began in 2011 with an evaluation of 81 clones grown 

in research plots in Washington, Idaho and North Dakota. The geographic scope of the trial was 

expanded in 2012 using funds from the SCRI acrylamide project to include sites in Wisconsin 

and Maine. In both years, a consistent set of data was collected for each clone that included 

agronomic characteristics, sugar and asparagine content of tubers, and acrylamide content of 

processed fries. Experienced growers, representatives of the processing industry, and end users 

evaluated clones. In both years, a subset of promising clones was selected for in-depth consumer 

attribute testing at the J.R. Simplot facility in Caldwell, ID. This integrated approach has 

generated a wealth of data and is rapidly identifying clones with the greatest likelihood of 

commercial success. Key findings to date include the following observations. Almost all clones 

had lower glucose and produced fries with less acrylamide than industry standard varieties. 

Tuber asparagine, which is a precursor for acrylamide formation, varied substantially between 

test locations. This demonstrates one way in which the growth environment impacts tuber 

acrylamide-forming potential. Many clones failed to meet processor requirements for shape, size 

and solids but the greater challenge was meeting quick service restaurant requirements for 

finished fry quality.  Incorporating rigorous consumer attribute testing at this stage of selection 

has substantially reduced the number of candidate clones. A few promising clones are being 

promoted for seed multiplication and more extensive agronomic trials. 
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Studies of amylose content in potato starch 
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Potato starch is typically low in amylose (~20-25%), but high amylose starch has superior 

nutritional qualities. Increasing amylose content decreases glycemic index and increases fiber 

content of potatoes.  Percent amylose also has a large influence on the physical properties of 

starch, especially as it is heated during cooking. We have carried out a number of studies to 

evaluate amylose content in potato tubers.  In a survey of 39 wild potato relatives, the average 

amylose content was 30.5%. A survey of 181 American and foreign potato cultivars revealed a 

wider mean and range of amylose content in the foreign varieties than in the American ones. In 

another study, amylose content was sometimes found to increase during storage, implying that 

the starch pathway in storage is dynamic and there might be some breakdown and re-synthesis of 

starch. Finally, amylose content was determined for 11 cultivars at different tuber developmental 

stages. The samples were harvested weekly at Hancock, WI for three consecutive years. The 

amylose content remained statistically stable throughout the growing season. 
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Effects of Verticillium dahliae infection on stem-end chip defect development in potatoes 

(Solanum tuberosum L.) 
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Reducing sugars are the direct causes of dark color on chips due to the Maillard reaction. Stem-

end chip defect, which is characterized by discoloration of the vasculature and surrounding 

tissues at the tuber stem end portion of chips, is an important tuber quality concern for US chip 

production. The cause of stem-end chip defect is not known. Verticillium wilt (VW), caused by a 

vascular fungal pathogen Verticillium dahliae, is a persistent potato disease that causes early 

plant senescence and yield reductions. A two-year field trial was conducted to investigate the 

effects of V. dahliae on stem-end chip defect development and acid invertase activity at the bud 

and stem ends of the tuber. Our results show that potato plants more infected with V. dahliae had 

a higher incidence of severe stem-end chip defects than plants with less V. dahliae infection. V. 

dahliae is correlated with increased acid invertase activity at the tuber stem end, resulting in 

accumulation of reducing sugars. 

 

 

  



Marketing and sustainability 
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The USDA funded a Specialty Crop Research Initiative project titled Building Market 

Foundations for Sustainable Vegetable Production and Processing: A Consumer and Metrics-

Based Approach. The project received more than $2.1 million over four years, with $1.2 million 

more of matching in-kind contributions from processors and farmers around the US. Researchers 

will identify the market foundations for agricultural sustainability, focusing on processing sweet 

corn and green beans, by determining what consumers, retailers and the value chain are seeking 

and how the industry can meet those expectations. A baseline of the current sustainability status 

of the industry in the Midwest will be documented through whole farm and individual crop 

assessments. Key practices that driver overall sustainability will be identified through principal 

component analysis of survey data and these practices will be used to plan and conduct targeted 

on-farm research with grower partners. This collaborative research will strengthen the link 

between farm practices and broader environmental, economic and social sustainability metrics 

demanded by the value chain. The project is directed by Paul Mitchell in Agricultural and 

Applied Economics at UW-Madison and includes investigators from several UW departments 

(Horticulture, Entomology, Plant Pathology, Soils, Nelson Institute) and collaborators from 

Cornell University, University of Minnesota and Washington State University. Growers from 6 

states (IL, MN, NY, OR, WA, WI) and vegetable processors (Del Monte, Seneca, Allens, 

Lakeside, General Mills) with plants in 10 states are project partners. A Producer Advisory 

Board including processors and growers from each region will oversee project activities. Though 

the project focuses initially on sweet corn and green beans, it will serve as a model for other 

crops as a grower-led approach to documenting sustainability and measuring progress over time. 
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Over the past decade, numerous sustainability standards and metrics have been developed for 

U.S. agriculture. Many private entities have implemented sustainability programs that address 

issues such as Integrated Pest Management, reduced pesticide risk, climate, energy and other 

environmental considerations. Numerous local, regional and national standards also exist that 

encompass a broader range of sustainability criteria such as soil and water conservation and 

quality, crop nutrient management, energy conservation and greenhouse gas emissions, 

biological diversity, safe and fair working conditions, and economic viability for agricultural 

producers. These standards range from private to multi-stakeholder in terms of inclusivity during 

development; whole farm to crop-specific in scope; practice-based to performance-based in 

implementation; and self-assessment to certification to consumer-facing eco-label in terms of 

verification. Additionally, there are several programs currently attempting to quantify 

agricultural sustainability through the measurement of best management practices on the farm 

and throughout the supply chain.  

 

This presentation will summarize research findings aimed at benchmarking the state of 

sustainable agriculture practices among Wisconsin vegetable producers utilizing two approaches:  

1) conducting an assessment of U.S. agricultural sustainability standards and using the findings 

to inform the development of the Wisconsin Vegetable Sustainability Standards and 2) 

evaluating how Wisconsin potato producers perform against seven sustainability 

metrics/assessment tools using on-farm production data. Results from the sustainability standards 

assessment will focus on a comparison of similarities and differences across standard 

requirements, assessment and verification methods, scientific basis, certification, and other 

factors. Duplicative requirements across standards will be identified along with gaps in 

sustainability efforts that future research initiatives might fill. Results from the sustainability 

metrics evaluation will focus on examining the range of variables across the measurement tools, 

identifying gaps and redundancies, assessing what types of output information are meaningful 

and influential to producers with respect to adjusting management practices, and identifying the 

most relevant measurement areas that help producers achieve desired sustainability outcomes.  

 

 

 

 
 

 


