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INTRODUCTION

Grapevine leafroll disease is one of the most severe viral diseases of grapevine worldwide. It is associated to several virus species classified in the family Closteroviridae: Grapevine leafroll-associated virus (GLRaV) -1, -3 and some other species (genus Ampelovirus), GLRaV-2 (Closterovirus) and GLRaV-7 ('Velarivirus'). Leafroll ampeloviruses are disseminated by exchange of infected material, as well as by natural vectors, the scale insects (Hemiptera Coccoidea). Moreover, 'rugose wood'-associated Grapevine virus A (GVA) and B (GVB) (genus Vitivirus), often found in leafroll-affected vines, are also coccoid-transmissible. This raises questions about possible interactions between ampelo-and vitiviruses during transmission (Herrbach et al., in press). Improving the protection of vineyards against leafroll requires further research in virology, entomology and epidemiology. The present communication aims at updating the results and prospects of the studies run in our institute.

BIOLOGY OF TRANSMISSION

Ampeloviruses are known to be transmitted by mealybugs (Pseudococcidae) and soft scales (Coccidae). In order to enrich our knowledge on virus-vector specificity, transmission experiments were performed with the mealybug species Phenacoccus aceris (Signoret) and the soft scale Neopulvinaria innumerabilis (Rathvon), both present in Burgundy and Beaujolais vineyards. Experiments were done using aviruliferous insects, given a 48 h-acquisition access period (AAP) on detached leaves of virus-infected grapevine followed by a 48 h-inoculation access period (IAP) on healthy vine cuttings.

The mealybug P. aceris was found to vector efficiently the ampeloviruses GLRaV-1, -3, -4, -5, -6, and -9, as well as GVA and GVB (Le Maguet et al., 2012a). It is the first vector species identified so far for GLRaV-6. Thus, P. aceris is shown to vector many grapevine viruses in both Ampelovirus and Vitivirus genera, which emphasizes the attention to be paid to this Holarctic widespread species. Moreover, the first instar larvae (L1) of P. aceris were shown to transmit more efficiently GLRaV-1 and -3 than do second instars (L2).

The soft scale N. innumerabilis was also shown to transmit GLRaV-1, -3 and GVA (Le Maguet, 2012). This species is increasingly present in France, causing direct damage where its population level is high. In regions where this species is present, its vector ability is also to be considered carefully in protection of grapevine against leafroll and rugose wood.

Moreover, the retention of particles in the viruliferous vector has been assessed. The RNA of GLRaV-1, -3 and GVA remained detectable up to 14 days in starving L2 of the mealybug Heliococcus bohemicus. Conversely, starving L2 of the coccid Parthenolecanium corni lost rapidly the detectability of GLRaV-1 and GVA by RT-PCR; however, this species retained the viral RNA up to 18 days when placed on a plant non-host of the viruses.

NATURAL SPREAD OF LEAFROLL VIRUSES

The spatio-temporal dispersal of leafroll in two Pinot noir vineyards in Burgundy has been surveyed over 8 years (Le Maguet, 2012;Le Maguet et al., submitted). On the first vineyard, planted with certified plant material, leafroll symptoms (mainly due to GLRaV-1) spread rapidly from the edges to virtually the entire plot. Biostatistical and molecular analyses showed that the ampelovirus and the vectors originated from the adjacent plots, planted several years earlier, heavily infested by P. aceris and highly infected by GLRaV-1. This highlights the risk generated by diseased neighboring plots to newly planted plots. The second vineyard displayed no or very little spread of leafroll. This vineyard was not surrounded by mealybug-infested and leafroll-infected plots.
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NATURAL SPREAD OF SOFT SCALE CRAWLERS

Field experiments were set up to estimate the possible natural spread by the wind of P. corni L1 and L2 larvae from infested vineyards to a newly planted plot [START_REF] Hommay | Poster at the present meeting[END_REF]. Wind-borne nymphs were caught using glue-covered cylindrical traps, set up in the young plot during the crawler phase (L1) in late spring and during autumn migration of L2 nymphs down to the stock. Results reveal that crawlers were commonly trapped and that part of them were viruliferous. Very few L2 were caught in autumn.

PROSPECTS

Our studies shed new light on the vector biology of P. aceris and other species, and pave the way towards deciphering the virus-vector interactions. Pending questions are the relationships between vector activity and virus transmission, the possible interaction between ampelo-and vitiviruses during transmission [START_REF] Hommay | Grapevine virus A transmission by larvae of Parthenolecanium corni[END_REF], the localization of virus particles within the alimentary system of vectors, as well as the identification of viral determinants of the specific retention in the vector. A French transmissible isolate of GLRaV-1 is being fully sequenced for this purpose.

Finally, a more precise understanding of vector dispersal and virus spread in vineyard plots requires further experiments on vector biology, particularly with species such as H. bohemicus and P. corni, also able to vector viruses and abundant in many French vineyards. Data from such trials, together with in-depth knowledge of virus-vector interactions and improvement of virus detection methods, will provide new insights into leafroll epidemiology and help to improve the protection of grapevine against this major viral disease.
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