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ABSTRACT 

White rot of alliums, caused by the pathogen Sclerotium cepivorum, is a 

devastating disease of onion and garlic in California. A study was conducted in vitro to 

determine the baseline sensitivity of S. cepivorum to five fungicides: tebuconazole 

(Folicur), boscalid (Endura), fludioxonil (Cannonball), penthiopyrad (LEM17), and 

fluopyram (LunaPrivilege.)  Four cultures of S. cepivorum were collected from two major 

Allium production areas in California. To determine EC50 and EC80 (effective 

concentration to reduce mycelial growth by 50% and 80%, respectively,) the isolates 

were grown on potato dextrose agar (PDA) amended with nine fungicide concentrations 

from 0.01 to 100 ppm. Mycelial growth of the isolates was compared to the growth of 

isolates on non-amended media. Fludioxonil was the effective fungicide with an EC50 of 

0.4 ppm; tebuconazole was intermediate; penthiopyrad and boscalid were significantly 

less effective; and fluopyram was least effective in reducing mycelial growth.  To 

determine LD50 and 80 (the lethal dose to reduce sclerotia germination by 50% and 80%, 

respectively), sclerotia were soaked in various concentrations of fungicide from 1 to 

100,000 ppm for one hour and then plated on PDA.  LD50 and 80 were lowest in response to 

tebuconazole.  Neither penthiopyrad nor fluopyram significantly influenced sclerotia 

germination at levels up to 100,000 ppm. None of the fungicides significantly impacted 

sclerotia germination at levels that would be encountered in the field.  This data has 

important implications in disease control, and also provides base research for monitoring 

resistance of S. cepivorum to these fungicides.  

 

INTRODUCTION 

White rot disease of onion (Allium cepa) and garlic (A. sativum) is caused by the 

fungal pathogen Sclerotium cepivorum, which spreads and overwinters as sclerotia.  

Sclerotia may remain viable for over thirty years, even without host presence
1
, and 

germinate in response to sulfur compounds produced by Allium species
2
. Less than ten 

sclerotia per kilogram of soil can cause infection in 80% of plants
3
.   

Current disease control methods include the use of diallyl disulfide (DADS) in 

fallow fields to promote sclerotia germination.  DADS mimics the sulfur compounds 

produced by Allium spp. to stimulate sclerotia germination without the presence of a host 



plant
4
.  The mycelium then dies from lack of a suitable host

4
.  The use of DADS can 

reduce the number of sclerotia in a field by up to 98%
5
; however, the remaining number 

of viable sclerotia can still cause significant disease
6
.  For effective disease control, 

fallow DADS applications must be combined with fungicide applications at planting an 

allium crop
4
.   

The baseline sensitivity of fungicides of interest for disease control was 

determined.  Determination of EC50 and 80 (the effective concentration of fungicide to 

reduce growth by 50% and 80%) and LD50 and 80 (the lethal dose to kill 50% and 80% of 

the spores or sclerotia in a population) are broadly used to determine the baseline 

sensitivity of fungi to fungicides
7
. Baseline sensitivities are used in conjunction with field 

studies to define efficacy and provide a baseline to assess the possible development of 

fungicide resistance in a fungal population
7
.  

 

MATERIALS AND METHODS 

Sclerotia were collected from the primary Allium-growing regions of California 

by sieving and sucrose flotation
8
.  Isolates 1 and 2 were collected from the Tulelake 

region, and Isolates 3 and 4 were collected from the Central Valley.  Each of the isolates 

was maintained in pure cultures as sclerotia at 5°C.   

To test EC50 and 80, 8mm plugs of single sclerotia cultures were grown on PDA 

amended with various levels of the active ingredients of fungicides (in ppm). Fungicides 

were field grade.  After five days of growth, colony diameter was measured.  The level of 

fungicides that reduced growth by 50% and 80% relative to the control was determined.   

After 21 days of growth, the effect of the fungicides on sclerotia development was 

examined.  Cultures were rated on a scale of 1 to 5 based on the estimated ratio of 

mycelium to sclerotia formation, where 1= no sclerotia formation, and 5= normal 

sclerotia formation with sclerotia development on all exposed mycelium.      

The LD50 and 80 was determined by soaking sclerotia collected from a single isolate 

in fungicides and deionized water in concentrations from 1 to 100,000 ppm fungicide 

active ingredient.  Sclerotia were soaked in the fungicide solution for one hour on a 

shaker (at 100 rpm) to maintain turbidity.  After 60 minutes, the sclerotia were removed 

from the fungicide solution and lightly dried to remove excess fungicide.  The sclerotia 

were plated on PDA, and the plates were checked for any mycelial growth after four and 

seven days.  The percentage of sclerotia that did not germinate was compared to control 

germination rates. 

 

RESULTS 

Fludioxonil was effective at the lowest concentrations, with an EC50 of 0.4 ppm 

and an EC80 of 2 ppm.  Tebuconazole was marginally less effective than fludioxonil; the 

ED50 was 0.8 ppm and the EC80 was 7 ppm.  Penthiopyrad and boscalid showed 

significantly less activity against S. cepivorum, with an EC50 and 80 of 2.5 and 20 ppm; and 

4 and 35 ppm.  Fluopyram was least effective with an EC50 of 11 ppm and an EC80 of 35 

ppm (see figure 1.)  All isolates had similar responses to the fungicides. 

After 21 days, tebuconazole had the most deleterious effects on sclerotia 

formation.  Isolates grown on 1ppm tebuconazole received an average rating of 1.4, with 

very little sclerotia formation.  Fludioxonil also reduced sclerotia development at 1 ppm, 



with an average score of 2.5.  No other fungicides significantly reduced sclerotia 

development unless they were at concentrations of 10ppm or greater.                 

Average germination of control sclerotia was 98%.  LD50 and 80 were lowest in 

response to tebuconazole; LD50 was 500 ppm and LD80 was 900 ppm.  The LD50 and 80 of 

fludioxonil and boscalid were significantly higher; with an LD50 and 80 of 25,000 and 

80,000 ppm and an ED50 of 75,000 ppm.  Neither penthiopyrad nor fluopyram 

significantly influenced sclerotia germination at levels up to 100,000 ppm (see figure 2.)    

 

DISCUSSION 

The effectiveness of fungicides on S. cepivorum may be due to reduction of 

mycelial growth and potentially from a reduction in sclerotia formation.  None of the 

fungicides significantly impacted sclerotia germination at any level that would potentially 

be encountered in the field. Studies on reducing infection by S. cepivorum are in 

progress. 

In field studies, Tebuconazole is generally more effective than Fludioxonil in 

reducing disease.  However, this disease response is not directly reflected in the baseline 

sensitivity of the fungus to fungicides.  This could be the result of a number of factors, 

such as the relative durability of fungicides in the soil.  Additionally, the four isolates 

may not fully represent the average population response to fungicides.  Because S. 

cepivorum reproduces only asexually, which generally reduces the genetic variability of 

fungal pathogens, four isolates were thought to be an adequate representation of 

populations of S. cepivorum in California.   

These data has important implications in disease control. Since the fungicides 

examined do not affect sclerotia formation, these data support recommendation to 

growers to apply DADS to reduce initial inoculum levels. Additionally, the lack of 

successful disease control tactics other than fungicide applications makes monitoring for 

resistance vital to continued disease control.  These data provide baseline research for 

monitoring the development of resistance of S. cepivorum to these fungicides.    

 

 
 



 
 

REFERENCES 

1. 1990. Coley-Smith J.R, et al. Long term survival of sclerotia of Sclerotium 

cepivorum and Stromatinia gladioli. Plant Pathology. Vol. 39:1 p. 58-69.  

2. 1969. Coley-Smith, J.R. and King, J.E.  The production by species of Allium of 

alkyl sulphides and germination of sclerotia of Sclerotium cepivorum Berk.   

Annals of Applied Biology, Vol. 64:2, p. 289-301.  

3. 1980. Crowe, F.J. et al. Inoculum density of Sclerotium cepivorum and the 

incidence of whit rot of onion and garlic. Phytopathology, Vol.70, p. 64-69. 

4. 2007. Davis, R.M. et al. Efficacy of germination stimulants of sclerotia of 

Sclerotium cepivorum for management of white rot of garlic. Plant Disease. Vol. 

91:2, p. 204-208 

5. 1959. Coley-Smith, J.R.  The Biology of Sclerotium cepivorum Berk: Host range, 

persistence, and viability of sclerotia. Annals of Applied Biology. Vol. 47:3, p. 

511-518. 

6. 2009. Davis, R.M, et al. UC IPM Pest Management Guidelines: Onion and 

Garlic. UC ANR Publication 3453.  

7. Russel, P.E. Sensitivity Baselines in Fungicide Resistance Research and 

Management. FRAC Monograph No. 3.  

8. 2004. Kim, Yong-Ki, et al. A new method for sclerotial isolation of two species of 

Sclerotium from infested soils.  Plant Pathology Journal. Vol. 20:4, p. 240-243. 

  

 

 

 

 


