PROGRESS REPORT

I. Project title

Which grape varietals are sources of Pierce’s disease spread? Decoupling resistance, tolerance and glassy-winged sharpshooter discrimination
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Jennifer Hashim-Buckey, Cooperator
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Matthew Daugherty, Cooperator

Department of Entomology

University of California, Riverside, CA 92521, e-mail – matt.daugherty@ucr.edu

III. List of objectives and description of activities

We propose to independently quantify X. fastidiosa infection level (i.e. resistance), symptom severity (i.e. tolerance), and GWSS preference for infected versus healthy plants, for several economically important raisin, table and wine grape varietals. Our specific objectives are:

Objective 1. Measure the relative levels of both resistance and tolerance for important California grape varietals

Objective 2. Measure GWSS discrimination against infected vines and X. fastidiosa spread for different grape varietals

Objective 3. Measure overwinter recovery from infection for different grape varietals

IV. Summary of major research accomplishments and results for each objective

In this report we will summarize the results of a series of greenhouse-based experiments looking at the role of grape variety, vector discrimination of healthy/infected plants, pathogen multiplication within plants and temperature.  These studies were conducted in two temperature-controlled greenhouse rooms, one representing ‘cold’ (62/76oF, mean low and high temperatures) and ‘hot’ climates (69/96oF, mean low and median temperatures).  Cabernet Franc was used as a host plant and the blue-green sharpshooter as the vector.  Plants were mechanically inoculated with the Napa isolate STL, which is pathogenic to grapevines and previously used in several studies addressing different aspects of X. fastidiosa biology and ecology.  This first study highlights the relevance of this work and provided important information we will use for experiments to be performed this year.
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Using the threshold of 104 live cells per gram of plant tissue (Hill and Purcell 1997), we determined the proportion of vines that would serve as reservoirs of X. fastidiosa for vector acquisition (‘infectious’ plants).  Our results show that bacterial multiplication in plants maintained at warmer temperatures occurred faster, reaching the threshold of 104 CFU/g faster and more frequently than plants kept at cooler conditions.  
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Assuming that infection level is correlated with bacterial movement and multiplication within plants, we expected to find that symptoms would develop faster on plants kept at warmer temperatures in this study.  Our results support this hypothesis, as others have shown as well, symptomatic plants being observed sooner and more often if kept at a warmer temperature.  The data also indicate that sharpshooters should be able to acquire X. fastidiosa from plants before symptoms are present on plants.  For example, at ~55 days post inoculation 50% of plants could serve as X. fastidiosa reservoirs, but only 10% of those were symptomatic.

Sharpshooters do not survive well on heavily symptomatic plants.  They also prefer plants, or plant tissue, with fewer symptoms.  However, this discriminatory behavior may not result in less disease spread, especially if plants become ‘infectious’ weeks before any symptoms are present.  This is, in fact, is one of the central questions of this project.  If sharpshooters discriminate against symptomatic plants, but not ‘infectious’ plants, in the study described here we would find that insects do not discriminate against plants kept in the cold until 3 months post inoculation; and plants kept in warm temperatures until ~2 months post inoculation.
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Our experiments show that sharpshooters seem to discriminate against symptomatic plants and do not select their hosts based on X. fastidiosa infection.  Although this study focused on one grape variety, it illustrates one of the hypotheses we are addressing.  If certain varieties harbor X. fastidiosa in populations high enough to sustain acquisition by vectors, but do not express symptoms, they may be subject to more disease spread, as vectors will equally choose healthy and infected plants to feed.
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However, if plants are ‘infectious’ prior to symptom expression, and insects discriminate against symptomatic plants, one would expect those vines to serve as sources of the pathogen for vectors (secondary spread) only until plants express severe symptoms.  In this scenario, grapevines serve as a reservoir of X. fastidiosa for disease spread some time after infection, but before symptoms are expressed.  We addressed this question by randomly selecting individual plants from our two temperature treatments and confining those with a healthy plant and sharpshooter vectors, simulating a secondary spread situation present under field conditions.  In other words, the infected plant was inoculated in early spring and this experiment simulates a summer/fall scenario, where infected plants are showing or will show symptoms and a new generation of vectors is present in vineyards (i.e. vine-to-vine spread).  Our results suggest that secondary (vine-to-vine) spread occurs primarily before symptoms are present on vines, in both treatments tested. 
These results indicated that vine-to-vine spread is an ecologically complex process, with grape varietal tolerance and susceptibility potentially playing a major role on disease spread.  We are now designing experiments with multiple varietals to better address this question; vegetative material for several grape varieties has been requested to the Foundation Plant Services.  In addition, we will measure tolerance and resistance of grape varieties of importance to California.

V. Publications or reports resulting from the project

Almeida, R.P.P. 2008. Which grape varietals are sources of Pierce’s disease spread? Decoupling resistance, tolerance and glassy-winged sharpshooter discrimination. In: Proceedings of the 2008 Pierce’s Disease Research Symposium, San Diego, CA, Dec. 15-17. p 195.
VI. Presentations on research
Daugherty, M.P. 2008. Cascading effects of climate change on an invasive vector and disease spread in vineyards. USDA NRI awardee workshop oral presentation, Annual Meeting of the Entomological Society of America, Reno, NV, November.

VII. Research relevance statement

The glassy-winged sharpshooter (Homalodisca vitripennis; GWSS) is an important vector of Xylella fastidiosa, the etiological agent of Pierce’s disease. Grape species and cultivars differ in Pierce’s disease severity, suggesting there is variability among cultivars in resistance or tolerance to X. fastidiosa. Quantifying the relative levels of resistance and tolerance among different varietals is critical because each may impact GWSS spread of Pierce’s disease in different ways. Tolerant varietals, especially, may act as X. fastidiosa sources. We are evaluating the feasibility of using existing Vitis vinifera cultivars to control Pierce’s disease spread by quantifying resistance, tolerance, and GWSS behavior for several important table and wine grape varietals. This work will provide recommendations to growers in high risk Pierce’ disease areas on which varietals to use to minimize spread.

VIII. Lay summary of current year’s results

This research will allow us to pinpoint which of the current table and wine grape varietals are most and least likely to promote spread of X. fastidiosa. Such information will allow vineyard managers to temper Pierce’s disease outbreaks with targeted plantings of low risk varietals.  

IX. Status of funds

No present funding problems for this project.

X. Summary and status of intellectual property produced during this research project

None expected.

