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Background and Justification


Fungal pathogens of nursery crops cause significant damage and cost to nurseries in the Pacific Northwest and elsewhere in the U.S. and the world.  Of special concern lately is Phytophthora ramorum, a recently introduced plant pathogen causing a range of diseases including Sudden Oak Death on tree species and Ramorum blight on many woody shrubs (8, 10, 11).  Other species of Phytophthora cause foliar and root infections similar to those caused by P. ramorum, and collectively these pathogens pose a significant threat and cause considerable economic loss to the Oregon nursery industry.   

While we are currently developing a base of knowledge on the biology and control of P. ramorum (5, 6, 7), we need effective management strategies for it, other species of Phytophthora, and other foliar and soilborne pathogens, such as Thielaviopsis basicola, Cylindrocladium scoparium, and Pythium species, that would minimize the use of expensive and hazardous chemicals that endanger people and the environment. Those strategies should be based on an improved knowledge of the pathogen life cycles that would allow their elimination from the production systems. 
Eradication of plant pathogens from the nursery production system requires that sources of introduction must be identified, and treatments applied.  These fungal pathogens generally come into the system in the growth medium, the planting propagules (cuttings) or plants, as contaminants on the containers, or are introduced internally or from peripheral locations as contaminants of soil or water.  Thus sanitation is a critical means of preventing the introduction of pathogens into nurseries (12).  Sanitation involves treatments that eliminate pathogens from growth media, plant propagules, or contaminated/used containers.  We recently reported (5) effective eradication of P. ramorum, P. irregulare, C. scoparium, and T. basicola from potting media using aerated steam at 50ºC for 30 minutes, or by fumigation with Vapam.  Neither of those treatments, however, can be used to sanitize cuttings that may be harboring pathogen propagules without apparent infections.  Pathogen contamination of cuttings is well known for C. scoparium on azaleas (1, 3, 4), and it could well be true for species of Phytophthora as well.  Nurseries would be well-advised to sanitize cuttings to be sure diseases like Ramorum blight are not initiated with the propagation of cuttings.  

A relatively new material for sanitizing plant surfaces is chlorine dioxide (ClO2).  Copes et al. (2) reported that species of Fusarium and T. basicola could be killed by exposure to liquid chlorine dioxide at 0.5-12 ppm, and in preliminary exposure tests, we determined that P. ramorum was killed at similar concentrations.  Furthermore, ICA TriNova LLC is developing products that release ClO2 gas that I  believe should effectively sanitize planting material (9).  Both liquid and gaseous forms of ClO2 need to be evaluated to determine their potential to sanitize plant surfaces.
Since P. ramorum is a quarantined pathogen, field or greenhouse testing is not possible, so I would need to evaluate a surrogate species of Phytophthora with similar potential to infect rhododendron leaves, such as P. citricola (5).  The assumption would be that what worked for P. citricola would work for P. ramorum.    Parallel tests would be conducted to sanitize azalea cuttings from C. scoparium (3).
Project Objective: Determine the efficacy of chlorine dioxide solution or gas, compared to other sanitizing materials such as Zerotol, to eradicate Phytophthora and Cylindrocladium pathogens contaminating cuttings of rhododendron or azalea, respectively.
Materials & Methods and Timeline
All research will be conducted in the laboratory and growth chamber facilities of Plant Health, LLC following the retirement of Dr. Linderman from the USDA-ARS.  Hosts studied will include susceptible cultivars of rhododendron and forcing azalea.  Inoculum of the pathogens will be prepared from in vitro cultures, and spores of each collected and sprayed onto cutting material.  Following inoculation, cuttings will be treated by (a) immersion in solutions of chlorine dioxide or Zerotol at various concentrations and durations, or (b) placed into gas-treatment chambers and exposed to chlorine dioxide gas for various time periods and gas concentrations.  Following treatments, development of disease symptoms will be determined, compared to water controls, and quantified using ASSESS software to evaluate digital photos to determine incidence and severity of disease.  All experiments described will be conducted and repeated in the 12 months funding cycle.
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Budget
	Salaries
	$17,000

	Materials
	$4,000

	Total
	$21,000


Benefit to the Nursery Industry


Fungal pathogens that can infect both leaves and roots, such as species of Phytophthora and Cylindrocladium, can invade the production system as contaminants on cuttings.  It would be of great benefit to nurseries to have the means to eliminate pathogens from cuttings by some economical and safe method.  The results of the research proposed here would provide information on the efficacy of chlorine dioxide, compared to Zerotol, to achieve that goal, and the guidance needed to accomplish that as part of the routine production practices.

