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Screening NPGS short-day onion accessions for resistance to Fusarium basal rot
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Fusarium basal rot, causal organism Fusarium oxysporum f. sp. cepae (Sumner, 1995) is a fungal disease that affects bulb onions (Allium cepa L.).  Onions are an important vegetable crop worldwide.  In the U.S. in 2000, onions were ranked second in yield per hectare and in total production, and third in total value and in the number of hectares harvested of 25 principal vegetables grown for fresh market consumption (USDA, 2001).  Basal rot has long been recognized as a serious soilborne disease in the midwestern and eastern United States (Lacy and Roberts, 1982).  Onions grown on soils naturally infested with F. o. f. sp. cepae showed a 23% field and storage loss (Bacher et al., 1989).  In New Mexico, fusarium basal rot is the second most important soil-borne disease affecting onions (N. Goldberg, pers. comm., 1998).

Infection by F. o. f. sp. cepae can occur through wounding or by direct penetration by the fungus through the basal stem plate (Sumner, 1995).  Symptoms include curving, wilting, yellowing, and necrosis of the leaves beginning at the tips and progressing downward (Sumner, 1995).  Bulbs may or may not show outward symptoms (Agrios, 1997).  A rot is usually seen on the stem plate progressing through the storage leaves, resulting in brown and watery tissues (Sumner, 1995).  The rot is generally hard and firm although, under humid conditions a soft rot bacteria can invade the tissues (Agrios, 1997).  The roots will eventually rot and white mycelium may appear on the stem plate (Sumner, 1995).  Plants can be infected at any age. The fungus is commonly found in the soil and survives by means of chlamydospores (Sumner, 1995).  Temperatures approaching 25-28ºC are the optimum for disease development (Sumner, 1995).  

Losses from infection by F. o. f. sp. cepae can be reduced by rotation with nonsusceptible crops in infested fields (Sumner, 1995).  Soil fumigation with methyl bromide or metam sodium has been effective (Jaworski et al., 1978), although not economical (Bacher et al., 1989).  The best control measure is the use of resistant onion cultivars (Sumner, 1995).   Many commercial intermediate- and long-day onion hybrids have shown high levels of resistance to fusarium basal rot but sufficient levels of resistance have not been found in short-day commercial varieties (Cramer, 2000). The goal of this project was to identify short-day accessions that might be resistant to fusarium basal rot.

Materials and Methods

Short-day onion accessions from the National Plant Germplasm System were screened for resistance to fusarium basal rot.  Accessions were evaluated using a seedling screening procedure conducted in growth chambers (Kruger et al., 1989).  Fifty seeds of each accession were planted in each of five trays containing 13 kg of silica sand.  Four of the trays were inoculated with an isolate of F. o. f. sp. cepae (CSC-7) obtained from M. Havey at the Univ. of Wisconsin-Madison.  The fifth tray was not inoculated and served as an uninoculated control. The planting order was random and varied from tray to tray.  The trials were repeated until all of the forty-six accessions were screened.  The inoculum was created by placing 0.5 mm2 plugs of CSC-7 grown on potato dextrose agar (PDA) into 250 ml sterilized flasks containing 100 ml potato dextrose broth, (PDB).  The flasks were placed on a shaker and rotated at 90 rpm.  After five days, all cultures free of contamination were combined and mixed in a blender for two min.  After blending, the mixture was centrifuged at 3400 rpm for ten min. to separate spores from broth and any mycelium. The supernatant was poured off and the spores were resuspended in water.  A spore count was taken using a hemocytometer. The concentration of the solution was adjusted to 4.0 x 104 spores(ml-1 distilled water. In order to obtain a spore concentration of 4.0 x 104 spores(g-1 sand in each of the trays, 5.2 x 108 spores were delivered to each tray using a consistent volume of 1000 ml. Distilled water (dH20) was used to obtain the desired inoculum volume and was applied to the uninoculated tray. The inoculum and water were thoroughly worked into the sand so that all of the sand was evenly saturated with the mixture.  The seeds were planted 1.5 cm into the sand after the trays were inoculated. The trays were placed in a growth chamber at 22ºC.  After two weeks, the seedlings had emerged and the temperature in the growth chambers was raised to 28ºC.  Counts of dead and alive seedlings were taken at 2 and 4 weeks post planting.  The percentage of survival was calculated for each accession by dividing the number of alive seedlings by the number of seedlings that geminated in the uninoculated tray.  A mean percentage survival was calculated from the four trays.
Results


PI 578126 (‘Serrana’) was the only accession that was moderately resistant to fusarium basal rot (Table 1). For the incorporation of fusarium basal rot resistance into other short-day cultivars, ‘Serrana’ showed the most promise for resistance of the accessions tested. Other accessions exhibited low or no resistance.  The lack of resistance observed in most accessions could be attributed to seed age or low seedling vigor, that has been attributed to susceptibility to fusarium basal rot (Tsutsui, 1991).  The germination rate was low for many of the accessions.
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Table 1. Short-day onion accessions evaluated for Fusarium basal rot resistance.

Accession


     Survival (%)  Accession

                           Survival (%)

G 28933 Texas Early

             19.2   
   PI 546070 Yellow Bermuda
                      25.7

PI 164807


             32.6   
   PI 546078 L 303 A


          41.2

PI 165498


               0.0   
   PI 546110 Early Texas Yellow Grano    
5.8

PI 209561


               1.8   
   PI 546128 White Creole

          14.6

PI 214146


             21.8   
   PI 546140 San Joaquin
           
    
1.0

PI 236025


               2.8   
   PI 546160 L 036 Yellow

    
3.1

PI 256324


             42.9   
   PI 546161 S-1 White Grano

          59.6

PI 258957                                               0.6   
   PI 546166 Crystal White Wax
          44.1

PI 261591

                           7.7   
   PI 546170 White Grano

          23.1

PI 264319


             34.1   
   PI 546261 Texas Grano 502 PRR
          39.0

PI 272255 De Wildt

               0.9   
   PI 546306 Contessa


          36.9

PI 273626 1871

               5.9   
   PI 546324 Everest


          34.4

PI 288274 310


             25.7       PI 546327 Texas Early Grano 438
          54.2

PI 289688 Early Lockyer White          18.3   
   PI 548814 Redbone


          35.8

PI 289690


               0.8
   PI 554613 NuMex Starlite

          28.5

PI 342943 Pompei

               6.3
   PI 577801 Texas Early White
          40.6

PI 377901 Atjar

               4.4
   PI 578126 Serrana


          72.1

PI 414932 Pyramid
                     
 16.1
   PI 583821 Red Star


            6.3

PI 433314 Dragon Eye Hybrid O-Y      0.0
   PI 595635 NuMex Crispy

          35.4

PI 433345 374 H
                       
   0.0
   PI 595636 NuMex Dulce

            4.7

PI 522166 Okhotzk F1
           
   0.0
   PI 595637 NuMex Luna

          31.7

PI 537590 Texas Grano 1015Y        
 24.2
   PI 595638 NuMex Mesa

            7.1

PI 537593 Texas Grano 1105Y             6.6
   PI 595639 NuMex Vado

          11.9

