Dec. 31, 2004

 ODA-OAN Final Report
Phytophthora ramorum in Oregon Nursery Crops

from 

 Jennifer L. Parke1, Robert G. Linderman2, and Everett Hansen3

Objective 1:  To investigate the potential for survival and spread of both the European genotype and the North American genotype of Phytophthora ramorum in nursery crop production systems. 
P. ramorum is believed to be a strictly foliar pathogen.  However, we have recently found that P. ramorum can infect roots and cause disease in above-ground stems and leaves, and P. ramorum has also been detected from commercial potting media. To investigate the possibility that disease could be transmitted from infested potting media, we inoculated rhododendron ‘Nova Zembla’ plants grown from rooted cuttings in one of three ways: with a zoospore suspension applied to the potting media surface, or with infested vermiculite or chopped infested leaves incorporated into potting media at transplant. We used Oregon nursery isolate 03-74-N11A (European genotype, A1 mating type) for these experiments.  A zoospore dose-response experiment was also conducted using two isolates: 03-74-N11A, and 4143 (N. American genotype, A2). Leaves never touched the potting media, and plants were watered from the bottom only.  Leaves wilted and collapsed within 3-6 weeks and upwardly-expanding stem lesions became apparent within 4-6 weeks.  P. ramorum was isolated from roots, stems, and petioles of symptomatic and asymptomatic tissue from plants inoculated with 03-74-N11A and from symptomatic stems inoculated with 4143.  Control plants not inoculated with P. ramorum  remained healthy and did not yield P. ramorum.  Disease incidence was greater among plants inoculated with 03-74-N11A as compared to plants inoculated with 4143, and plant response reflected zoospore inoculum dose (Fig. 1).  To determine if disease transmission from potting media could occur in seed-grown plants, three-year-old native Pacific rhododendron (Rhododendron macrophyllum) plants were inoculated with P. ramorum using infested vermiculite, chopped infested leaves, or zoospores.  All three inoculation methods resulted in mortality and recovery from asymptomatic roots, root collars, and stems. The finding that we could recover P. ramorum from symptomless tissue and that disease was transmitted from infested potting media to above-ground plant parts demonstrates the need to monitor belowground sources of inoculum such as composts, potting media, and roots.
We wanted to know which plant tissues were being invaded by the pathogen.  We investigated __________________________________________________________________________________________________________________
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pathways of infection using tissue culture plantlets and 3-year-old container plants inoculated with zoospore suspensions or mycelial plugs of Oregon nursery isolate 03-74-N11A. To observe infection, inoculated roots, stems, and leaves were examined using fluorescence and scanning laser confocal microscopy.  To identify pathways by which P.  ramorum infects and 
colonizes plants, we evaluated the histology of inoculated roots, stems and leaf surfaces.  Preliminary observations of stem tissue indicate that P. ramorum hyphae are present in xylem and pith cells and chlamydospores are found in the cortex.   In roots, we observed germinating cysts  penetrating root primordia, emerging laterals, and wound sites.  On leaves, germinating cysts did not require stomata for infection.  Leaf inoculations of intact leaves revealed that infections initiated near the midrib resulted in more rapid development of necrosis in petioles and stems as compared to infection initiated at other sites on the leaf.  

We also sought to determine the capacity of P. ramorum (NA genotype isolate 2027, A2 mating type; and European genotype isolate D12A, A1 mating type), compared to three other species of Phytophthora (P. cactorum, P. citricola, and P. citrophthora), to survive in some commonly-used potting media components.  Inocula in the forms of (a) sporangia (P. ramorum only), (b) infected dry rhododendron (cv. Nova Zembla) leaf pieces containing chlamydospores or oospores, or (c) chlamydospore or oospore inoculum produced in culture on nutrient-amended vermiculite, were added to several potting media components: river sand, Douglas-fir (DF) bark, coir, sphagnum peat, redwood (RW) sawdust, a bark-peat-pumice potting mix (40:30:30 by volume), a dairy compost, and a garden soil.   Survival of the Phytophthora species was determined monthly by baiting (B) or direct plating (DP) on selective medium.  

P. ramorum was detected by B or DP of most substrates for 5-6 mo when added as cultured sporangia or chlamydospores in vermiculite, but was not detected by either B or DF from infected leaf inoculum. In general, P. ramorum isolate D12A appeared to survive in most media components better than isolate 2027.  P. ramorum sporangia survived best in peatmoss, potting mix, coir, and DF bark, and poorest in sand or soil.  In some media, P. ramorum was recovered by DP but not by baiting, suggesting possible suppression of sporangia/zoospore production.  By comparison, P. cactorum was consistently recovered by DP from infected leaf inoculum in all media  materials after 5-6 mo but inconsistently by B from coir, and in peatmoss it was never recovered by B.  P. citricola was recovered by B for only 3 mo in coir, potting mix, sand and soil, but not at all from compost, DF bark, peatmoss, or RW sawdust.  P. citrophthora, as with P. ramorum, was not recovered by either B or DP from leaf inoculum in any material at any time.    These results indicate that P. ramorum can survive very well in potting mix components or soil as culture-produced sporangia or chlamydospores, but was not detected from infected leaf pieces compared to other Phytophthora species that were. Studies by other workers suggest that the chlamydospores of P. ramorum in infected plant tissue are alive and can germinate when separated from the decomposing plant tissue.  Thus, these results indicate that survival of P. ramorum in potting media could be a feasible means of pathogen dispersal as well as a source of inoculum for potential future infections.  Further, they underscore the need to eradicate pathogens by some means from potting media as well as containers from which infected plants were removed.
These studies indicate demonstrate that the soil phase of P. ramorum should be considered in disease epidemiology of nursery crops.  The pathogen can survive for at least 6 months in soil and potting media.  P. ramorum can also infect roots of rhododendron and perhaps other species.  Inoculum in potting media can initiate disease which spreads from the roots and up the stem. Both A1 and A2 isolates of P. ramorum are capable of causing disease but the A1 isolate caused greater disease severity on rhododendron than did the A2 isolate.  Disease management, inspection, and testing of nursery plants should reflect our new knowledge about the ability of P. ramorum to survive in soil and potting media and the potential to cause disease through infested potting media.
 Objective 2: To work towards cultural, chemical and biological controls for the disease. 

Preliminary fungicide study: In a joint experiment with Richard Regan, we investigated the effectiveness of Subdue Maxx (2 fl. oz./100 gal water) applied as a drench (650 mL/container), Aliette (5.0 lbs/A) or Fosphite (2.0 quarts/A) applied as foliar sprays (100 gal water/A) to rhododendron ‘Nova Zembla’.  A detailed description of the methods and results were reported by Regan (Dec. 2004 Final report).  Leaves from plants treated with the fungicides or with water only (control) were detached and transported to Parke’s lab where they were inoculated with P. ramorum or P. citricola mycelial plugs.  Of the fungicides tested, Subdue Maxx was usually most effective, especially for limiting the percent of necrotic leaf area of lesions caused by P. ramorum.  Further analysis of this data on a lesion area (cm 2) basis are continuing.
Cultural controls: We helped coordinate the development of uniform Nursery Guidelines for exclusion and management of P. ramorum in nurseries.  These guidelines were developed with representatives from Oregon, California and Washington by members of the nursery industry, university, USDA-ARS, USDA-APHIS and ODA representatives.  They may be found at the OSU Phytophthora ramorum website http://extension.oregonstate.edu/emergency/oak_death.php  
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Fig. 1. Dose-response relationship for zoospore inoculum of  A1 (blue) and A2 (green) isolates of P. ramorum applied to potting media of rhododendrons.  Number of symptomatic plants are out of 6 total. 











