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Project background and justification: Disease results from the interaction between a susceptible host, a virulent pathogen, and a suitable environment (the disease triangle). Many nursery plants are susceptible to Phytophthora species commonly present in Oregon nurseries, yet the precise environmental conditions required for infection are not known.  If these conditions for infection were known, it should be possible to manage the disease more effectively, either by reducing the inoculum source, by manipulating the environment, or both. 

We are conducted two experiments to determine the precise environmental conditions and threshold population required for foliar infection by Phytophthora citricola.  P. citricola is a warm temperature species that infects leaves, shoots and roots of several woody ornamentals in Oregon. Its ecology appears to be similar in many respects to P. ramorum, which cannot be tested in the field due to its status as a quarantined pathogen.  

Experiment 1: What is the daily pattern of leaf wetness for Rhododendron plants irrigated with recycled water?

In this experiment, we collected information on the duration that rhododendron leaves remain wet as a result of overhead irrigation and dewfall. This information is important in determining environmental conditions favoring development of plant pathogens in the Phytophthora genus. 25 five-gallon Rhododendrons (cv ‘Pink Flourish’) were arranged in a manner consistent with the practices of most nursery growing operations.  Plants were blocked in an 8 x 8 block, underneath a shade structure at the USDA North Farm (Fig. 1).  

Measurements were collected with a CR1000 data logger (Campbell Scientific, Logan UT) over a period of six months.  The program for the data logger was written with PC400 software.  The parameters evaluated were: leaf wetness duration (LWD), temperature, relative humidity, solar radiation, wind speed and wind direction.  Sensors were scanned once every five minutes.  Values obtained from these scans were subjected to specific processing instructions in order to obtain useful final values.  The final outputs included in this study consist of fifteen-minute averages and daily minimum/maximum values for leaf wetness, temperature, relative humidity and wind speed values.  Hourly reports of wind vector as well as hourly totals for solar radiation flux were also obtained.

Data was downloaded on a weekly basis; all values are stored in a master Excel spreadsheet.  

Collected data are being graphed and analyzed to determine the relationships between leaf wetness and environmental factors (wind, temperature, relative humidity, etc.).  This data, in combination with lab and greenhouse tests, will be useful for predicting conditions conducive to foliar infection by Phytophthora species.  
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Experiment 2: What is the relationship between P. citricola dose and foliar infection?  

In this experiment we set out to determine the relationship between P. citricola zoospore dose and foliar infection of Rhododendron ‘Catawbiense Boursault’. Sixteen simulated nursery chambers, each equipped with its own recirculating irrigation system, were constructed for the experiment (Fig. 2). 

Irrigation was controlled by a timer.  Water from the storage tank was pumped to the sprinkler head where it was sprayed over plants placed atop a gravel substrate within the plastic enclosure.  This water was captured in the gravel-filled basin and shunted to the filter unit where it drained back to the water storage tank.  The design allowed for easy access for several sampling points (at the sprinkler head; within the gravel-filled basin; in the storage tank, etc.) and allowed for ample replication.
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The dose-response experiment consisted of a one-time spike of Phytophthora citricola zoospores to the water storage tanks of 15 simulated nurseries.  Five treatment levels of zoospore concentrations were tested, including a negative control (0 zoospores/mL).  There were 3 replicate chambers per inoculum dose. 

Four 4-inch rhododendron plants were placed in each simulated nursery before P. citricola inoculum was introduced into the water supply.  Plants were irrigated for 10- minute increments, five times daily.  Plants were monitored daily for symptoms of disease development with both disease severity and incidence being recorded.  Water samples were collected from both the storage tank and sprinkler head of each chamber at 24- and 48-hours after infestation and once weekly thereafter.  Samples were baited with rhododendron petioles and incubated for two days.  After the incubation period the bait tissues were plated onto selective medium (PARPH) to determine the presence of P. citricola. 

A final sampling occurred five weeks after initiation of the experiment.  Plants were destructively sampled so that samples from plant roots, vegetative tissues and soil media could be plated and checked for the presence of P. citricola.   Slurries for both potting media and the gravel substrate were made by placing samples in a 1 gallon Ziploc® bag filled with water and baited with rhododendron petioles.  The gravel samples collected from directly under each pot were combined as one sample.  A similar procedure was used for the potting media as well. Petioles from each set of five leaves were cut, rinsed, and plated onto PARPH.  Plates were checked frequently for the formation of P. citricola colonies from each sample type. 

Two dose response experiments were conducted from late August 2009 to October 2009.

Dose Response Trial 1: August 2009 to September 2009

The first dose response experiment began on August 28, 2009 and lasted five weeks.  Extremely low inoculum levels were used  in this experiment:

	Inoculum Level
	Total Zoospores Per Chamber

	Treatment 1
	0

	Treatment 2
	50

	Treatment 3
	100

	Treatment 4
	250

	Treatment 5
	500


Ultimately, such low levels of inoculum resulted in very little incidence of disease on plant tissue.  An adequate level of diseased plants, one in which it was possible to assess disease incidence and disease severity.

Dose Response Trial 2: October 2009 to November 2009
A second dose-response experiment was conducted from October 6, 2009 to November 3, 2009.  Inoculum doses were much larger during this experiment.  The following doses (as well as a negative control consisting of 0 zoospores/mL) were tested.
	Inoculum Level
	Zoospores/mL
	Total Zoospores Per Chamber

	Treatment 1
	0
	0

	Treatment 2
	100  
	25,000

	Treatment 3
	1000
	250,000

	Treatment 4
	10,000
	2,500,000

	Treatment 5
	100,000 
	25,000,000


Chambers were inoculated one at a time, with the intake irrigation tubing submerged into a beaker containing a pre-labeled and pre-measured quantity of inoculum.  Each chamber received a total of 250 mL of its respective treatment during the inoculation process.  
To ensure that the experiment tested plant response to an acute (one-time) dose of inoculum, run-off from the application of inoculum was collected in a separate container and not allowed to flow into the storage tank of the chamber.  In addition, plants within the chambers were not irrigated again until 24 hours after the addition of inoculum.  This was done to prevent pathogen propagules from being immediately rinsed off the foliage, allowing a chance for infection to occur. Leaves remained moist for this 24-hr period, however.
Each storage chamber was filled with 6 gal. of irrigation water (procured from the OSU Greenhouses and transported to the USDA North Farm).  Chambers were irrigated five times daily for 10 min.    
Plants in several chambers began to show symptoms during Weeks 1 and 2 of the experiment.  However, by Week 3 (October 27 – November 2) very few new lesions developed and existing lesions did not show an increase in size.
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Figure 3: Foliar disease symptoms early in 
Dose Response Trial 2
P. citricola is a warm season species, thriving at temperatures of 25 - 28°C.   Low temperatures recorded in the greenhouse from Week 3 and onwards undoubtedly played a significant role in slowing the growth of the pathogen and impeding the development of infection of the plants.

For the remainder of the experiment, disease incidence was low, however the pathogen was continuously recovered from various water sources as shown in Table 1.

Table 1. Recovery of P. citricola from water during Dose Response Experiment Trial 2.

	
	Recovery of P. citricola from Water in Chambers According to Date and Location

	
	
	10/8
	10/12
	10/14
	10/17
	10/21
	10/28
	10/31

	Dose

zsps/mL
	Chambers
	Tank
	Tank
	
	Nozzle
	Tank
	Nozzle
	Tank
	Nozzle
	Tank
	Plant tissue

	100,000 
	A, H, L
	A,H
	L
	H
	A,H
	A,H
	L
	A, H, L
	H
	H
	-

	10,000 
	E, J
	-
	-
	E,J
	E
	E,J
	E
	E
	J
	J
	E

	1000 
	B, F, M
	B,F
	F
	M
	-
	B,F
	B,F
	B,M
	-
	--
	-

	100
	G, K, N
	G,K
	G,K
	G,K,N
	G
	G,N
	-
	G,K,N
	G,K
	G
	-

	0 
	C,D
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


The logistical problems outlined above prompted a change in the experiment location.  In early December, the chambers were moved and re-assembled inside a greenhouse on the OSU main campus.  In addition to better control of the temperature variable, the new site also provides the study with the following benefits: a reliable water supply, on-hand and easily accessible, proximity to the lab allowing ease in inoculum transfer and sample collection, a permanent site space dedicated to research of this nature.
In January, 2010, the “acute” dose response experiment will be repeated with the same experimental design but with better temperature control. An additional experiment will be carried out with chronic, low levels of inoculum.  Lab experimentation to determine temperature and leaf wetness requirements for infection by P. citricola will be conducted during winter-spring, 2010, and paired with 2009 environmental data to determine potential infection periods. This additional data will be sent to ODA upon completion.
.
Fig. 1. Experimental plants from the leaf wetness experiments shown in the background.  





Fig. 2. Simulated nursery chambers with recirculating water used for establishing the relationship between zoospore dose of P. citricola and rhododendron leaf infection.  








