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Project Summary: Potato (Solanum tuberosum) is the fourth largest food crop in the world and the leading vegetable crop in the United States. There are about 250 organic farms growing potatoes in Midwest, with about 130 of these farms located in Wisconsin. Many biotic factors limit organic potato production including silver scurf (Fig. 1), caused by Helminthosporium solani, and black dot (Fig. 2), caused by Colletotrichum coccodes. These are tuber blemish diseases of potatoes affecting processing and fresh market trade. 
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Figure 1: Sporulating silver scurf lesions on              Figure 2: Black dot lesions on yellow potato                                                                    yellow potato


Lack of effective control measures is driving these diseases to become important. The main goal of this project is to offer a solution to the organic potato growers that are both long-term and eco-friendly. With the funding provided by the Ceres Trust, we were able to identify two specialty varieties that possess some tolerance to both diseases in field. We also conducted in-vitro assays and identified a breeding line that had promising levels of resistance to silver scurf disease.

Problem Addressed
In our interviews with the organic growers, they have expressed an interest in growing heirloom and specialty varieties that are likely to perform well under low-input organic systems. However, to date, response of varieties to silver scurf and black dot diseases on organically grown potatoes has not been reported. Our goal with this project is to identify varieties with resistance to silver scurf and/or black dot in organic production systems.  

Project Objectives

Objective 1: In-vitro screening of heirloom and specialty potato varieties for resistance to H. solani
Trials conducted by researchers in the Plant Pathology department at UW-Madison identified heirloom and specialty varieties that gave high yields and high quality potatoes in organically managed plots. But, no effort was made to look at their responses to silver scurf disease. Our objective was to artificially inoculate the mini-tubers of these varieties with the fungal spores (H. solani) and screen for resistance to silver scurf. Eventually, our goal is to identify heirloom and specialty varieties that perform well under organic potato production with high yields and low levels of silver scurf.   
Objective 2: Field evaluation of commercial and specialty potato varieties for resistance to silver scurf and black dot in organic production systems
We are attempting to identify specialty and commercial potato varieties suited for organic production in the Midwest. Characterization of specialty varietal responses to tuber blemish diseases will enable organic growers to make informed varietal choices, and may aid potato breeders in selection of parents with tolerance or resistance to these diseases. Previous work in Europe and the United States has failed to identify potato varieties with resistance or tolerance to silver scurf or black dot. However, to date, response of varieties to both diseases on organically grown potatoes has not been reported.

Objective 3: To investigate the incidence of silver scurf and black dot on asymptomatic tubers 
Silver scurf and black dot are frequently confused owing to the similarity of blemishes caused on the periderm, and because they can be present on the same tuber. But not all the tubers show symptoms at harvest and the incidence and severity levels of these diseases may increase under favorable storage conditions. Thus, these asymptomatic tubers can be potential sources of inoculum. This information about the incidence of asymptomatic tubers is needed in order to avoid underestimation of the diseases based on visual symptoms alone and to determine if future efforts should focus on reduction of inoculum spread or disease development in storage.
Methodology:

Field trials: 
Thirty tubers of Adirondack Blue, Adirondack Red, Chieftain, Dark Red Norland, Freedom Russet, Keuka Gold, Purple Majesty, Satina, Superior and Yukon Gold were sampled from three organic farms: Igl, Malek and West Star. Potatoes were grown at these locations by farmers following organic management practices. Tuber sampling was done at harvest, washed and then grouped based on visual symptoms/signs of black dot and silver scurf as either symptomatic or asymptomatic. When possible, up to 10 asymptomatic tubers were selected per variety per location for molecular assay (Polymerase Chain Reaction) and tuber incubation assays to detect H. solani and C. coccodes. Tuber incubation assays were also performed on a maximum of fifteen symptomatic tubers per variety per location.At the end of the incubation period, the tuber surface was scored for black dot and silver scurf severity. An asymptomatic tuber was considered positive for silver scurf or black dot if the pathogen was detected by either molecular or tuber incubation assay. 

Mini-tuber inoculation assays:

Silver scurf disease free heirloom and specialty variety tubers were obtained from a hydroponic system run by our lab. The tubers were disinfested with 0.5% calcium hypochlorite for 5 minutes and thoroughly washed under running tap water. Tubers were sprayed with H. solani spore suspension (105 spores per milliliter) until run off, air-dried and placed in plastic boxes lined with wet paper towel to maintain humidity. After one month, spores from individual mini-tuber were dislodged into 20 ml of deionized water and the total spores were counted using hemacytometer. 
Results
Varieties commonly grown by organic growers were assayed for the incidence of black dot and/or silver scurf after harvest. At each location, significant differences were observed among varieties for the number of asymptomatic tubers for silver scurf and/or black dot at harvest. However, none of the varieties assayed were resistant to these diseases (Table 1). The variety Freedom Russet was an extreme example of this variability. All assayed Freedom Russet tubers from location B were asymptomatic, but only 30% from location C appeared healthy.  
Asymptomatic tubers were assayed for H. solani and C. coccodes by tuber incubation and molecular assays to determine if these tubers carried either pathogen (Table 2). Tubers were considered infected if they were positive for the pathogen by either assay. The majority of asymptomatic tubers assayed from these fields were infected with one or both of pathogens: 75% of the asymptomatic tubers assayed were positive for H. solani and 94% were positive for C. coccodes. It is interesting to note that tubers of Freedom Russet from location B showed no lesions at harvest (Table 1), yet all tubers were infected with H. solani (Table 2). 

We compared disease severity on symptomatic and asymptomatic tubers after incubation to compare varietal response to silver scurf or black dot. Significant differences were observed among the varieties for silver scurf and black dot severity after incubation of symptomatic and asymptomatic tubers. It is notable that both blue-skinned varieties, Adirondack Blue and Purple Majesty, had the lowest disease severity for both silver scurf and black dot after incubation.
In addition, we have been screening various heirloom and specialty potatoes for resistance to silver scurf through mini-tuber inoculation assays. So far, we screened 18 varieties and none of them seemed to have resistance to silver scurf except for the breeding line, C287. The average spore production ranged from 194,000 spores per mini-tuber (Peruvian Blue) to 44,000 spores per mini-tuber (White Cobbler). C287 produced only 3,600 spores per mini-tuber, which is about 10% of the total spores produced by the commercial variety White Cobbler.
Conclusion
Silver scurf and black dot are widespread diseases in potato production areas but, their incidence on asymptomatic tubers has not been reported. Here we show that 75% and 94% of asymptomatic tubers assessed were positive for silver scurf and/or black dot from three Wisconsin organic farms. These results have direct implication for seed potato production. Earlier research found an increase in incidence of black dot and silver scurf with higher generation seed potatoes from the same seed source.  Thus, organic farmers would likely face a very high incidence of both silver scurf and black dot if they replant the tubers they harvested. 

None of the ten varieties from this study are resistant to either silver scurf or black dot. Unfortunately, the varieties Chieftain, Freedom Russet and Satina, which perform well on organic farms were among the most susceptible to these diseases. However, Adirondack Blue and Purple Majesty consistently showed lower disease severity of silver scurf and black dot and therefore may have useful levels of tolerance. Thus these two specialty varieties warrant further evaluations for their suitability to organic farming systems. 

Through our mini-tuber inoculation assays, we observed the breeding line, C287 to have resistance to silver scurf disease. This line was already of interest because it also possess resistance to Verticillium wilt, another significant fungal disease of potato. In collaboration with Shelley Jansky (USDA-ARS; UW-Madison), we are currently evaluating the performance of C287 and the performance of progeny from C287 crosses in the field to determine if our mini-tuber assays are predictive of field results.  

Outreach
We presented the results from this study as a poster titled “Detection of Helminthosporium solani and Colletotrichum coccodes from organically grown asymptomatic potatoes” at the UW Extension & WPVGA Grower Education Conference held during January 31- Feb 2, 2012 at Stevens Point, WI. 

A manuscript describing the results of this project is submitted to the journal Plant Disease.

Table 1. Percentage of potato tubers asymptomatic for both silver scurf and black dot after harvest from three locationsx in Wisconsin 
     









                   % Asymptomatic tubers

                                      Seed                 Seed                                                        __________________________________________
     Cultivar
           sourcey        certification 
 Maturity group
Location A        Location B        Location C        P-valuez
Market class: Blue

Adirondack Blue 
 D
  Certified
       
 Medium

33.3 (30)
    50.0 (30)
       26.7 (30)            0.155

Purple Majesty             R          Certified       
             Medium           
82.1 (28)             31.0 (29)             10.0 (30)            0.001

Market class: Red

Adirondack Red
D
  Certified
      Early to Medium            
26.7 (30)
    50.0 (30)
        26.7 (30)            0.089

Chieftain

C
  Certified
            Medium

20.7 (29)
    40.0 (30)              0.0 (30)            <0.001

Dark Red Norland
L
   Foundation
              Early
                     
60.0 (30)
      0.0 (30)
        10.0 (30)
          <0.001

Market class: Russet

Freedom Russet
 L
   Foundation          Medium to late
         
65.4 (26)
    100.0 (30)
        30.0 (30)           <0.001

Market class: Yellow

Keuka Gold                  D            Certified              Medium to late            
46.7 (30)              63.3 (30)             10.0 (30) 
          <0.001

Satina                           C            Certified              Medium early              
30.4 (24)              53.3 (30)             23.3 (30) 

0.047

Superior                       L
    Foundation                 Early
          

21.4 (28)              46.7 (30)              0.0 (30)
           <0.001

Yukon Gold                 L             Foundation                 Early
          
26.7 (30)              36.7 (30)             10.0 (30)

0.045








P-valuez           
<0.001

     <0.001                   0.002

x Sampling locations A, B and C were organic farms located in Antigo, Rosholt, and Cottage Grove, WI respectively. Numbers in 

parentheses indicate sample size.

y Seed source: D= David Gallenberg farm, WI;  C = Childstock farm, NY; L= Lelah Starks farm, WI; R= Rockey Farms, CO.
z  Statistical analysis was carried out in R (Version 2.14.1) using Fisher’s exact test at 5.5% significance level.   
Table 2. Percentage of asymptomatic tubers positive for silver scurf and black dot after performing PCR and tuber incubation assays

                                               Silver scurf



                                    Black dot

                            _____________________________________________   _______________________________________________

Varietyx







    Locationy


                        _______________________________________________________________________________________________

   
                A

B

C

P-valuez
      
      A

     B

   C
         P-valuez ____________________________________________________________________________________________________________ 
ADB

80.0 (10)  
10.0 (10)
50.0 (10)
0.009


90.0 (10)
90.0 (10)
90.0 (8)
1.000

PMJ

60.0 (10)
33.3(9)
      
85.7 (7)
0.115


100.0 (10)
100.0(9)
71.4 (3)
1.000

ADR

75.0 (8)
100.0 (10)
100.0 (8)
0.172


87.5 (8)
90.0 (10)
62.5 (8)
0.458


CFT

 83.3 (6)
100.0 (10)
100.0 (9)
0.240


100.0 (6)
100.0 (10)
NA

1.000

DRN

30.0 (10)
      NA

 66.7 (9)
0.179


100.0 (10)
    NA

100.0 (3)
1.000


FDR

100.0 (10)
100.0 (10)
100.0 (9)
1.000


100.0 (10)
80.0 (10)
100.0 (9)
0.310


KKG

90.0 (10)
80.0 (10)
100.0 (10)
0.754


80.0 (10)
100.0 (10)
100.0 (2)
0.567

STN
            100.0 (7)
60.0 (10)
90.0 (10)
0.143


100.0 (7)
100.0 (10)
90.0 (4)
0.190


SUP

83.3 (6)
0.0 (10)
90.0 (10)
<0.001


100.0 (6)
100.0 (10)
NA

1.000


YKG
            100.0 (8)
30.0 (10)          100.0 (10)
<0.001


100.0 (8)
100.0 (10)
100.0 (3)
1.000


P-valuez
 0.004

<0.001

0.004




0.483

 0.507

0.410
x Variety: ADB= Adirondack Blue, PMJ = Purple Majesty, ADR = Adirondack Red, CFT = Chieftain, DRN = Dark Red Norland, FDR= Freedom Russet, KKG = Keuka Gold, STN = Satina, SUP = Superior and YKG = Yukon Gold.

y  Sampling locations A, B and C were organic farms located in Antigo, Rosholt, and Cottage Grove, WI respectively. Numbers in parentheses indicate sample size.
z Statistical analysis was carried out using Fisher’s exact test at 5.5% significance level.
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