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Background and Justification


Phytophthora ramorum is a recently introduced plant pathogen causing a range of diseases including Sudden Oak Death, and Ramorum blight and shoot dieback. P. ramorum poses a significant threat to the Oregon nursery industry as it has been discovered in several Oregon nurseries and forests. P. ramorum has a very wide host range and affects many nursery crops such as rhododendron, viburnum, lilac, maple, and oak. 

Currently we know very little about the biology of P. ramorum.  It has been thought to be primarily a foliage pathogen, but recent research has shown that it also has a significant soil and root phase (7). Thus it is imperative that several aspects of the epidemiology of a pathogen be determined to enable the development of management guidelines and fungicide spray scheduling and use of forecasting systems (1, 2). There is an urgent need for describing the epidemiological parameters of P. ramorum. These parameters are often referred to as fitness components and include: latent period (how long does it take from time of infection to time of sporulation?), infection efficiency (how many sporangia/zoospores are needed to cause infection?), sporulation potential of the pathogen on different host plants (how many sporangia and/or chlamydospores are produced per leaf?) (3). These fitness components vary with different host plants and are modified by several factors such as temperature and watering regime, and critically depend on periods of leaf wetness (4). Furthermore, outbreaks of the disease in nurseries have been associated with severe rain storms that cause flooding conditions.  Flooding is known to physiologically predispose rhododendron to infection by Phytophthora (6).  Thus, these fitness components need to be described over a range of environmental factors. 

Once described, fitness components enable the development of predictive models that can be used for management of the pathogen. For example, we could use this model to predict if certain environmental conditions are conducive for infection by P. ramorum to occur or whether there is a high risk for epidemic development and a fungicide should be applied (2). This project has as objectives to start quantifying fitness parameters and predisposing factors with the ultimate goal of developing models that can be used for management of P. ramorum.

We have previously established variation for resistance in the genus Viburnum (5). This work showed that V. plicatum var. tomentosum cv. Mariesii is highly susceptible to P. ramorum. This is in agreement with infections found on container plants of cv. Mariesii by ODA in commercial nurseries. In contrast, V. plicatum cvs. Newport, Shasta and Shoshoni were found by us to be quite resistant to P. ramorum (5). Cultivars Newport and Mariesii were selected for this proposal to cover a range of resistance to P. ramorum.  

Project Objectives

1. Describe fitness components of P. ramorum (including latent period, infection efficiency, sporulation, chlamydospore formation) over a range of leaf wetness and temperatures conditions on Viburnum cultivars Mariesii and Newport.

2. Study the predisposing effect of flooding periods on infection by P. ramorum.
Materials & Methods

Objective 1: Describe fitness components of P. ramorum (including latent period, infection efficiency, sporulation, chlamydospore formation) over a range of leaf wetness and temperatures conditions on Viburnum cultivars Mariesii and Newport.

All experiments. Most experiments will consist of detached leaf assays due to the fact that experiments are highly factorial. However, key aspects of the experiments will be repeated in whole plant experiments after mathematical models based on detached leave assays have been developed. Plants will be inoculated with both agar-plugs and a drop of 104 zoospores ml-1. Controls will consist of non-inoculated leaves either inoculated with an agar plug or a water droplet. Leaves will be incubated for a maximum of 14 days after inoculation to ensure that inoculation did not result in formation of lesions. Once sporulation is observed leaves will be harvested and sporulation will be determined as described below.

Latent period will be determined by measuring the time it takes from infection to observation of sporulation. Lesion area will be determined by measuring both lesion area and total leaf area using a digital camera and imaging software and expressing lesion area as the percentage of the total leaf area showing disease symptoms. Sporulation will be determined by washing sporangia off leaves and counting the number of sporangia using a hemacytometer and expressing sporulation in terms of numbers of sporangia produced per cm2 of lesion area. Infection efficiency will be quantified as the percentage of infections resulting in development of disease. Experiments will be factorial with the following four factors: pathogen genotype (one isolate each of European and US genotype), host (two viburnum cultivars with intermediate and susceptible phenotype), leaf wetness duration (2, 4, 8, 12 hrs.), and temperature (8, 12, 16, 20, 24º C). Experiments will follow a completely randomized design with 4 true replications (and 20 pseudo-replications per treatment). 

Temperature experiments. Temperature experiments will be conducted in growth-chambers with leaf samples contained within Petri-dishes themselves contained within Tupperware containers. Each set of samples incubated for up to 14 days will constitute one observation. Each treatment will be independently repeated 3 times.

Leaf wetness experiments. Humidity chambers will be custom built that can maintain leaf surfaces wet for any given period of time and then dried in a period of 10-15 minutes. A prototype of these chambers has been built and is being improved right now. 

Statistical analysis and model development. Analysis of variance will be used to detect significant differences among treatments. Linear and non-linear regression modeling will be used to develop models describing dependence of disease variables (sporulation, latent period, sporulation) on independent variables (hours of leaf wetness and temperatures) (6). 

All P. ramorum research will be conducted under quarantine conditions in a walk-in containment growth-chamber and under containment conditions in the laboratory. We have built chambers that can be placed within the containment growth-chamber that can be manipulated individually to adjust leaf wetness periods. Flooding periods studied will include (0, 24 and 48 hours of flooding). Treatments will include both foliar and root inoculations. For all experiments, hosts studied will include V. plicatum var. tomentosum cv. Mariesii and V. plicatum cv. Newport (or if not available cvs. Shoshoni or Shasta). 

Objective 2: Study the predisposing effect of flooding periods on infection by P. ramorum.


Treatments will include flooding for 0, 8, 24, and 72 hours. Viburnum plants in 4-inch pots will be used for these studies. Pots will be inoculated with either suspensions of sporangia and chlamydospores produced on infected leaf disks. Experiments will be conducted in the containment growthchamber. Experiments will be analyzed using analysis of variance.

Timelines

All experiments described will be conducted once in the 12 months funding cycle. Experiments will need to be repeated in subsequent years to establish repeatability.
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Budget

	Salaries
	$24,000

	Materials
	$2,000

	Total
	$26,000


