VERTICILLIUM WILT ON SUGARBEET GROWN IN CLOSE ROTATION WITH POTATO
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Verticillium wilt on sugarbeet typically is reported as caused by Verticillium albo-atrum (1, 7).   In Washington (5) and Greece (3) the disease has been identified as caused by V. dahliae.  In the Red River Valley (RRV) of Minnesota and North Dakota, Verticillium wilt on sugarbeet caused by either species has not been previously reported.
Both V. dahliae and V. albo-atrum cause potato early dying (6) and these species occur in the RRV (Dr. Neil Anderson, Department of Plant Pathology, University of Minnesota, personal communication).  In some regions of the RRV, sugarbeet is grown in rotation with potato.  Two populations of V. dahliae (known as vegetative compatibility groups, VCGs), attack potato:  VCG 4A and VCG 4B (2).  Potatoes inoculated with cultures of VCG 4A develop earlier and more severe symptoms and die earlier than plants inoculated with VCG 4B (6).  
In August of 2003, diseased sugarbeet plants from four fields in Pembina and Walsh counties of northeast North Dakota were brought to the plant pathology laboratory at the University of Minnesota, Northwest Research and Outreach Center, Crookston.   The fields were located within about a 4-mile radius and had been sown to potato (Solanum tuberosum L.) the previous growing season.  Sugarbeet foliage was wilted and leaves had interveinal chlorosis.  Sometimes, one side of a leaf was chlorotic or necrotic, while the other half remained green. Transverse sections of roots revealed a light brown discoloration of the vascular tissue, but no external rotting of roots.  Overall, foliar and root symptoms appeared typical of Fusarium yellows of sugarbeet caused by Fusarium oxysporum f. sp. betae, which occurs in the RRV (8).  
OBJECTIVES
Our objectives were to 1) identify cultures of the pathogen isolated from diseased sugarbeet plants (preliminarily identified as Verticillium species) and 2) evaluate cultures for pathogenicity on sugarbeet and potato.  
MATERIALS AND METHODS
Isolation and identification of cultures.  Several small pieces (0.125 inch3) of discolored vascular tissue were excised from each sugarbeet root.  Tissues were surface-disinfected for 15 seconds with 0.5% sodium hypochlorite, rinsed twice in sterile deionized water, and placed on potato dextrose agar (PDA).   After about 2 weeks, 10 cultures were tentatively identified as Verticillium species, transferred to fresh PDA, and sent to Dr. Neil Anderson, Department of Plant Pathology, University of Minnesota, St. Paul, for further identification.  The 10 cultures, along with two cultures of V. dahliae pathogenic to potato, also were sent to Dr. Randy Rowe and Dr. Medani Omer, Department of Plant Pathology, The Ohio State University, Wooster, for identification to vegetative compatibility group (VCG).  
Pathogenicity on sugarbeet.  Seed of ‘Crystal 9363’ was sown in plastic pots (4.5 x 4.5 x 4 inches, 25 seeds per pot) containing a commercial soil mix (Berger BM2) fertilized with Osmocote (14-14-14) slow-release fertilizer (2g per liter of soil mix).  Sugarbeet plants were grown in the greenhouse at 70-80 °F with a 14-hour photoperiod.  After 3 weeks, plants were removed and roots were washed free of adhering soil.  Roots of 10 plants were placed in 100 ml of water containing 106 spores of Verticillium/ml for 1 minute (3).  Ten cultures from the four fields were evaluated and compared to two cultures of V. dahliae known to be pathogenic to potato.  Non-inoculated control plants were dipped in sterile deionized water.  Sugarbeet plants were transplanted into commercial soil mixed with fertilizer in 3.5 x 3.5 x 5-inch plastic pots (one plant per pot) and placed in a growth room at 77-80 °F with a 14-hour photoperiod for 5 weeks.  

Five weeks after inoculation, plants were removed and washed free of soil.  They were rated for disease using a 0 to 3 scale where 0 = plant healthy, 1 = older leaves wilting and/or necrotic with slight to moderate stunting, 2 = severe necrosis and wilting of most leaves with severe stunting, and 3 = plant dead (3).  Isolations were made from root tissue, as previously described.  The trial was repeated.
Pathogenicity on potato.  Disease-free mini-tubers of the potato variety Superior were provided by Valley Tissue Culture, Inc., Halstad, MN.  This variety is particularly susceptible to potato early dying caused by V. dahliae.  Mini-tubers were germinated in a growth chamber at 65 °F and then planted in plastic pots (4.5 x 4.5 x 4 inches) containing commercial soil mixed with fertilizer.  Plants were grown in the greenhouse at 70-80 °F with a 14-hour photoperiod.  Three weeks after shoots emerged through soil, plants were removed and roots washed free of soil.  Then, roots of six plants were dipped into 150 ml of water containing 105 spores of Verticillium/ml for 15 minutes (4).  The same cultures evaluated on sugarbeet were tested on potato.  Non-inoculated control plants were dipped in sterile deionized water.  Plants were transplanted into plastic pots (6-inch diameter) containing commercial soil mixed with fertilizer (one plant per pot).  Plants were placed in a growth room at 77-80 °F with 14-hour photoperiod for 2 weeks and then moved to a greenhouse at 75-85 °F with 14-hour photoperiod for 5 weeks.  
Seven weeks after inoculation, plants were removed, washed free of soil, and rated for disease using a 1 to 6 scale where 1 = plant healthy, 2 = slight chlorosis of lower leaves, 3 = extensive chlorosis of lower leaves, 4 = extensive chlorosis and some necrosis of the lower and upper leaves, 5 = severe stunting with chlorosis and necrosis of the entire plant, and 6 = plant dead or nearly dead (4).  Isolations for Verticillium species were made from basal stem tissue (a 0.4-inch segment per plant), as previously described.  The trial was repeated.
RESULTS
Isolation and identification.  All cultures isolated from wilted, chlorotic sugarbeet plants in the four fields were identified as V. dahliae.  Six cultures that represented the four fields, along with one of two known potato pathogens from Dr. Anderson, were identified as VCG 4A.  The other isolates of V. dahliae (including one known to be pathogenic to potato) could not be characterized to VCG because they did not form a nit mutant, which is necessary for identification (5).  
Pathogenicity on sugarbeet.  Results from both trials were similar, although disease ratings were higher in the first trial compared to the second.  Results for final disease ratings are presented from the first trial in Figure 1A.  Disease ratings for 10 cultures of V. dahliae from the four fields were high and averaged 2.4 (range: 1.8-2.8) and these ratings were comparable to the two known potato pathogens which averaged 2.2.  The non-inoculated control was healthy.  Verticillium dahliae was re-isolated from inoculated sugarbeet roots but not from non-inoculated control plants (data not shown).  

Pathogenicity on potato.  Results were similar in both trials, although disease ratings were higher in the second trial than the first.  Results for disease ratings are presented from the first trial in Figure 1B.  The 10 cultures of V. dahliae from the four fields were pathogenic on potato and averaged a rating of 4.9 but there was significant variation in aggressiveness among cultures (Figure 1B).  Cultures from Field II were least aggressive (disease ratings averaged 3.8) and cultures from Field III were the most aggressive (averaged 6), which equaled ratings of the two known potato pathogens. Cultures from Fields I and IV generally were intermediate in aggressiveness.  The non-inoculated control plants were disease-free.  Verticillium dahliae was re-isolated from stems of all inoculated potatoes but not from non-inoculated control plants (data not shown).    
DISCUSSION
This is the first report of V. dahliae VCG 4A (a known potato pathogen) causing Verticillium wilt on sugarbeet in the RRV.  Since potatoes were grown the previous season in the four fields where Verticillium wilt of sugarbeet was identified, potatoes likely contributed to production of inoculum.  The four fields described in this report are not isolated incidents.  In 2005, 10 cultures tentatively identified as Verticillium were isolated from sugarbeet roots with foliar  wilt  symptoms  from  two  fields  in  Grand  Forks  County,  North  Dakota  and  one  field  in  Polk   County, 
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Figure 1. 
Pathogenicity of Verticillium dahliae cultures (10 from sugarbeet and  two known potato pathogens) compared to a non-inoculated control on A) sugarbeet and B) potato.  For sugarbeet, each bar represents 10 plants inoculated with V. dahliae by dipping roots of 3-week old plants in 100 ml of water containing 106 spores/ml for 1 minute; non-inoculated control plants were dipped in sterile deionized water.  Ratings were made 5 weeks after inoculation with a 0-3 scale where 0 = plant healthy, 1 = older leaves wilting and/or necrotic with slight to moderate stunting, 2 = severe necrosis and wilting of most leaves with severe stunting, and 3 = plant dead (unpublished).  For potato, each bar represents six plants inoculated with V. dahliae by dipping roots in 150 ml of water containing 105 spores/ml for 15 minutes. Ratings were made 7 weeks after inoculation with a 1-6 scale where 1 = plant healthy, 2 = slight chlorosis of lower leaves, 3 = extensive chlorosis of lower leaves, 4 = extensive chlorosis and some necrosis of the lower and upper leaves, 5 = severe stunting with chlorosis and necrosis of the entire plant, and 6 = plant dead or nearly dead (4).    In each figure, bars with the same letter are not significantly different, P = 0.05.  
Minnesota.  Again, potatoes were rotated in the three fields.  The cultures will be sent to Dr. Neil Anderson for further identification.  The impact of Verticillium wilt on sugarbeet yield and quality in the RRV has not been determined, but the literature indicates that V. dahliae decreases sucrose content and purity and does not significantly decrease root yield (7).  Thus, when Verticillium wilt occurs on sugarbeet, rotation with potato should be lengthened.  Sugarbeet varieties have not been tested for resistance to V. dahliae.  

Disease symptoms caused by V. dahliae on sugarbeet (= Verticillium wilt) are nearly identical to those caused by F. oxysporum f. sp. betae on sugarbeet (= Fusarium yellows).  The common names of these two diseases, unfortunately, do not convey the similarity of their symptoms.  In fact, these diseases are not distinguishable by symptoms alone and both are true vascular wilt pathogens.  With both pathogens present in the RRV, it is important to verify the cause of wilt and yellows diseases to avoid misdiagnosis.  This can only be done by isolation and identification of pathogens in a diagnostic laboratory.  Also, it is helpful to know if potatoes were grown in the field.  It is essential to know the cause of the disease in order to control it. 
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