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IV. List of objectives and description of activities

The bacterium Xylella fastidiosa causes Pierce’s Disease (PD) in a wide range of economically valuable grapevines. We aim to quantify infection level, PD symptom severity, and GWSS host-choice for infected versus healthy plants, for several wine, table and raisin grape varietals. Our specific objectives are:

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

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

Objective 3. To quantify within host plant feeding site preference of GWSS and its correlation with X. fastidiosa transmission 

V. Summary of research progress for each objective

Objective 1.

Twenty-two plants, originated from cuttings, of each of the 18 commonly used varieties of Vitis vinifera were mechanically inoculated in June 2009. Inoculated plants were quantified for symptoms on weeks 8 and 12 post-inoculation, following Guilhabert and Kirkpatrick (2005). Bacterial quantification for corresponding sampling periods are finished and the data is awaiting final analyses. Symptom development results were presented in our previous report (Figure 1). In brief, the varieties Chardonnay, Chenin blanc, and Rubired showed the least symptom development. 
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The new plant tissue grew asymptomatic, following regular pruning, and therefore there was a possibility that our second symptom evaluation was biased due to such required greenhouse practices. This also made it difficult to obtain accurate symptom quantification on week 16. Thus, we repeated this experiment with a subset of 10 varieties. The experimental varieties included Barbera, Thompson seedless, Red globe, Crimson seedless, Syrah, Cabernet sauvignon, Chardonnay, Chenin blanc, Flame seedless, and Fiesta. For each variety we inoculated 20 plants in December 2009. Symptoms were scored on weeks 8, 12, 16 and 20.  The variety Barbera showed the greatest symptom severity thought out week 20 (Figure 2). Similar to our summer trial, the variety Rubired developed the least symptom during the 20 weeks post-inoculation (Figure 2). Chardonnay, Chenin blanc and Merlot, showed relatively lower levels of symptom severity through week 16 which correspond to our finding during summer trials (Figures 1 and 2). The three varieties, however, showed a sudden increase in symptom severity by week 20, post-inoculation. Conclusions on the level of tolerance and resistance are pending upon the completion of our ongoing bacterial population quantification of the 880 collected petiole samples. 
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Based on our ongoing winter block, combined with our previous season results, we expect to be able to provide an accurate classification for susceptible, tolerant and resistant varieties by contrasting visual symptoms and within plant bacterial population growth. Tolerance and resistance are used as relative terms within V. vinifera among its varietals.

In order to confirm our findings these experiments are also being repeated this upcoming summer.  Plant material has already been received from the Foundation Plant Services, UC Davis. A subset of varieties will be inoculated by the end of July.

No-choice transmission experiments

i) Insect colonies

A greenhouse population of GWSS was established, from approximately 200 field-collected individuals from Riverside, CA. 

ii) Experimental design

We caged GWSS individually on the 22 mechanically inoculated plants of each variety for a 48-hour acquisition access period. After acquisition period, we moved the insects to healthy host of the same variety for a 6-day inoculation access period.  Petioles were cultured on PWG medium to detect transmission events. Transmission experiments only included plants that tested positive in our initial PCR screening for X. fastidiosa. 

We are currently in the process of organizing and analyzing the data for our second transmission experiment on week 12 post-inoculation. The overall transmission rate was very low (11 out of 194) on week 8, and thus results need to be interpreted with caution (see below).

Our binary logistic regression model, with variety as factor and bacterial population as continuous co-variable, revealed no effect of variety or bacterial population on the probability of a successful transmission (X182 = 0.187; P = 0.18). Likewise, a separate univariate analysis of variance showed that bacterial populations among varieties do not differ statistically (F17,190 = 0.82; P = 0.66: Figure 3).
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We have now inoculated fresh seedlings to re-run the transmission experiments this summer. In combination with our previous year results we will have substantial data to draw our final conclusion on the possibility of differential transmission rates and bacterial population growth among our tested varieties.   

Feeding behavior of GWSS - choice experiments

i Host choice behavior
It has been documented that the sharpshooter vectors Dilobopterus costalimia and Oncometopia facialis (Hemiptera: Cicadellidae) avoid feeding on symptomatic plants which have been infected by X. fastidiosa (Marucci et al. 2005). Anecdotal observations have suggested a similar host choice pattern in GWSS. Based on these observations GWSS is expected to choose healthy hosts more frequently compared to a symptomatic plant. However, this proposed behavior has never been quantitatively tested. 

We have just inoculated seedlings from 5 different varieties and are currently waiting to conduct experiments as soon as the PD symptoms appear. At the meantime, we tried a novel approach which proved successful. We painted grape seedlings such that they mimic symptoms caused by Pierce’sdisease. We used water-soluble Crayola Acrylic orange and red paints to paint healthy grapes seedlings with PD symptoms (Figure 4). 



We presented GWSS individuals with a choice of a “symptomatic” and an “asymptomatic” grape. Plants were checked every 15 minutes. Insects were removed from the cages as soon as they landed on a plant. Neither plants nor insects were used more than once for each experiment. Our asymptomatic plant was mock-painted in order to control for potential effect of the stain. Paints were applied at least 24 hrs prior to our experimental trials.

GWSS responded and showed a significant preference to alight on green-painted grapes (sign-test: P = 0.038; n= 32). We continued our choice experiments by looking at the effect of bacterial presence, in the absence of disease symptoms, on the GWSS host-choice behavior. We paired healthy plants with asymptomatic plants that were tested positive for X. fastidiosa. Bacterial presence per se did not have an influence on GWSS choice of host plant (sign-test: P = 0.38; n = 32).

Based on our results and the existing unpublished field observations (M.P.Daugherty, unpublished data) we concluded that visual signals are the primary signals used by GWSS to make their choice initially. Other cues such as olfactory (but see Patt and Setamou 2007) may of significant value following initial landing on a host.   

ii Feeding site preference

X. fastidiosa is not normally distributed within grapes and it has been shown that tissues such as leaf and petiole possess higher populations of the bacterium (Krivanek and Walker 2005). Therefore, vector preference to feed on plants tissue with high bacterial populations exposes it to higher number of bacterial cells and thus may increase the probability of acquiring X. fastidiosa. In our previous report we showed that GWSS prefers to feed on backgrounds that match its body coloration. Background matching behavior may have evolved due to GWSS’s feeding-site preference (see Redak et al 2004). However, bacterial ‘acquisition rate’ (the number of individuals acquired the pathogen) was not influenced by feeding-site (chi-square: X2= 0.05, df=1, P= 0.814). Although statistically non-significant, bacterial acquisition level (number of cells acquired per insect) was higher on the leaf than the stem (ANOVA (stepwise): F1, 24= 2.71, P = 0.11).

Exploring the potential link between GWSS background/feeding-site preference and pathogen acquisition rate is significantly important because: i) cane color in grapevine changes in response to X. fastidiosa infection (Krivanek et al 2005) and ii) different grape varieties may vary in their time of cane maturation and the amount of brown pigmentation on the stem. 

We interpret out results as a consequence of evolved anti-predatory behaviors such as background matching, which would explain the within-host plant feeding-site preference, with indirect effects on vector transmission efficiency. This may also explain observed differences in transmission efficiencies among GWSS sharpshooters, which prefer to feed on stem tissue, compared to blue green sharpshooters, which prefer leaves and petioles as their feeding sites.

In summary, our ongoing experiments are set to address all of our proposed objectives. In addition to host choice experiments, we conducted within host feeding-site preference experiments in the context of evolved background matching. Feeding-site preference is of significant importance, yet under rated, as vector-pathogen-plant plant interaction at both acquisition and inoculation stages may influence transmission efficiency. Further experiments have been already set out to explore the link between bacterial acquisition and transmission efficiency.   

VI. Publications or reports resulting from the project

Almeida R.P. P. and Rashed A. 2009. Which grape varietals are sources of Pierce’s disease spread? Decoupling resistance, tolerance, and glassy-winged sharpshooter discrimination. Pierce’s Disease Research Symposium Proceedings, pp 57-61.

VII. Presentations on research

Almeida RPP. 2009. Xylella fastidiosa transmission: how did it become so complicated? Department of Entomology and Plant Pathology, Auburn University, Auburn, AL.  April 6, 2009.

Almeida RPP. 2009. Xylella fastidiosa transmission by vectors – from molecules to models. Annual Meeting of the American Phytopathological Society, Portland, OR. August 1-5, 2009.

Almeida RPP. 2009. Xylella fastidiosa transmission and population ecology.  I’institut National de la Recherché Agronomique, Bordeaux, France. September 7, 2009.

Almeida RPP. 2009. Xylella fastidiosa transmission and population ecology. I’institut National de la Recherché Agronomique, Montpellier, France. September 9, 2009.

Almeida RPP. 2009. Ecologia de Xylella fastidiosa. ESALQ/Universidade de Sao Paulo, Brazil. October 15, 2009.

Daugherty MP, Lopes JRS and Almeida RPP. 2009. Vector within-host feeding preference mediates transmission of a heterogeneously distributed pathogen. Annual Meeting of the Pacific Branch of the Entomological Society of America, San Diego, CA. March 31, 2009.
Rashed A, Kwan J and Almeida RPP. The relationship between color pattern and feeding behavior in three species of leafhoppers Entomological Society of America annual meeting, Indianapolis, IN, Dec 2009.

Rashed A and Almeida RPP. Which grape varietals are sources of Pierce’s disease spread? Decoupling resistance, tolerance, and glassy-winged sharpshooter discrimination. Poster, Pierce’s Disease Symposium, Sacramento, CA, Dec 2009.

VIII. Research relevance statement

The GWSS is an important vector of Xylella fastidiosa, the etiological agent of Pierce’s disease. Grape cultivars differ in Pierce’s disease severity, suggesting there is variability among cultivars in tolerance or resistance to X. fastidiosa. Quantifying the relative levels of 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. In addition, we are studying GWSS’s color choice behavior, the novel results obtained in this and previous reports on this topic may lead to new approaches to modify vector behavior and limit pathogen spread. This work will provide recommendations to growers in high risk Pierce’ disease areas on which varietals to use to minimize spread.

IX. Lay summary of current year’s results

We have quantified and compared Pierce’s disease symptom development among several commonly used grape varieties. This was done in summer and winter experiments, and similar results were obtained in both. Bacterial populations within those samples are being analyzed for our winter trials. This will help us to evaluate the degree of tolerance and resistance of our experimental varieties. We detected no difference in transmission rate by the glassy-winged sharpshooters when the source plants were inoculated two months prior to the experiment. At that point, bacterial populations within grapes were not different among varieties. We are currently analyzing the results of our transmission experiments conducted 3 months post-inoculation. We have also quantified glassy-winged sharpshooter’s response to artificial symptoms and also showed that bacterial presence does not influence GWSS host preference. These novel observations are being used to design new studies on the role of color on GWSS behavior.  In addition, they may lead to new approaches to modify vector behavior in and around vineyards.  Our results provide valuable data GWSS host choice behavior and the tolerance/resistance of different existing grape varieties. Quantifying the vector behavioral interaction combined with the plant response to pathogen help to contain the disease spread throughout the field season.

X. Status of funds

No present funding problems for this project.  Funds are being used as originally proposed.

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

None expected.
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Figure 4. Seedlings (var. Cabernet franc) were painted red and orange as ‘symptomatic’ (left) and were mock-painted green as healthy (right). 






















































































Figure 1: Symptom development scores for all tested grape varieties following a 0 to 5 scale (N=22 for most varieties)





Figure 3. Comparison of the bacterial populations among 18 different grape varieties. Error bars indicate (±1 se).  





Figure 2. Symptom development scores during the winter trials (pooled across the two time blocks) for 10 selected grape varieties following a 0 to 5 scale. 








