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Introduction 

 

In Canada, grapevines are mainly grown in Ontario (ON – 7163 ha), followed by 

British-Columbia (BC – 3381 ha), and Quebec (QC – 632 ha) (Zerouala, pers. com.). 

Diseases, pests and viticultural practices greatly impact grape production and quality 

(Vincent et al. 2002; 2005).  

Phytoplasmas, previously named “Mycoplasma-like organisms”, are non-

culturable prokaryote pathogens of the family of Mollicutes (Lee et al. 2000; Weintraub 

and Beanland, 2006). These pathogens have two obligatory hosts for their multiplication: 

plants and insect vectors. Phytoplasmas have been classified into 28 groups according to 

gene sequence analysis (Wei et al. 2007); eight of them are present in Canada, notably on 

oilseeds, tender fruits, vegetables and grapevines (Duduk et al. 2004; Boudon-Padieu 

2005, Olivier et al. 2009a). 

Grapevine Yellows (GY) diseases have been found worldwide in grapevine 

producing regions (Olivier et al., 2007; Hogenhout et al. 2008). They cause significant 

losses in vineyards, reducing the vitality of vines, depressing yields, and reducing wine 

quality (Lee et al. 2000, Bertaccini 2007; Boudon-Padieu 2005). These diseases result 

from infection by phytoplasmas that induce an array of typical symptoms (Figure 1), 

including yellowing, leaf rolling and chlorosis, virescence and decline, flower sterility, 

berry withering, and proliferation of shoots (witches’-broom) (Christensen et al. 2005). 
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Phytoplasma diseases are very difficult to control as they can spread unnoticed for 

several months or years before the expression of symptoms (Caudwell 1990). 

In the past decade, the risk of phytoplasma disease epidemics has increased in 

Canada, due to sustained growth of international commercial exchanges and, most 

importantly, the importation of grapevines from Europe where two phytoplasma diseases, 

Flavescence Dorée (FD) and Bois Noir (BN), are spreading despite strong mandatory 

control measures. In North America, elm yellows, aster yellows (AY), and X-disease 

phytoplasmas have been detected in American grapevines (Beanland et al. 2006) and, 

recently, Bois Noir was detected in canadian vineyards from BC (Rott et al., 2007) and 

ON (Johnson, unpublished data). 

Phytoplasma diseases are transmitted during feeding by insects, mostly 

leafhoppers (Hemiptera: Cicadellidae). Among the 16 000 species of leafhoppers 

distributed worldwide, Beirne (1956) described 480 species that occur in Canada and 

Alaska. Maw et al. (2000) estimated that there are 1262 leafhopper species in Canada and 

Gareau (2002) described 469 species of cicadellids in QC. Bostanian et al. (2003) 

identified 59 leafhopper species in commercial vineyards of QC. A mathematical model 

has been developed to forecast the appearance and abundance of the most numerically 

important species of leafhoppers in grapevines (Bostanian et al. 2006).  

As there is no pesticide registered in Canada against phytoplasmas, the 

management of grapevine yellow diseases currently relies on indirect methods, i.e. 

insecticide treatments to reduce cicadellid populations and removal of symptomatic 

plants. As a preventative and direct measure, the Canadian Food Inspection Agency also 

recommends hot water treatment of imported grapevine plants to mitigate phytoplasma 

spreading. 

Phytoplasma acquisition and transmission to plants is mainly achieved during the 

colonization of the plant by leafhoppers, followed by a sequence of behaviors related to 

feeding. The different mechanisms involved in phytoplasma acquisition from an infected 

plant and its transmission to a healthy vine by leafhoppers are poorly understood 

(Weintraub and Beanland, 2006). Knowledge of these mechanisms should allow 

assessment of epidemiological risks of the vector species encountered in vineyards and 

their vectoring competences. 
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Here, we briefly report on a program that had three objectives: 1) to identify 

leafhopper species associated with canadian vineyards; 2) to study the prevalence of 

phytoplasma diseases in grapevine and leafhoppers; 3) to investigate the feeding behavior 

of three leafhopper species on grapevines. 

Hereafter, a distinction will be made between carrier leafhoppers (i.e. insects that 

are demonstrated phytoplasma-positives, as addressed in objective 2), and vector 

leafhoppers (i.e. insects that successfully transmit phytoplasmas to a plant as 

demonstrated by experiments, as addressed in objective 3). 

 

Methodology of the survey 

 

The survey was carried out in ON, BC and QC. From 2006 to 2008, a total of 89 

commercial vineyards were sampled throughout 10 summer weeks. 

 

Collection of grapevine leaves and leafhoppers. 

 

Grapevine leaves were sampled in 5 independent rows per vineyards. A total of 

250 leaves per vineyard were collected from grapevines that showed symptoms 

resembling those of phytoplasma diseases or from symptomless grapevines. Two discs 

were punched out of each leaf collected. 

Leafhoppers were collected by sweeping or tapping in the same rows and 

vineyards as grapevine leaves. Cicadellids collected in a same row were pooled, 

examined, identified and counted in the laboratory. Species were keyed with Beirne 

(1956), Maw et al. (2000) and Gareau (2008). 

 

Prevalence of phytoplasmas in grapevine leaves and leafhoppers 

 

Both leaf discs and leafhopper specimens were shipped to AAFC-Saskatoon for 

DNA extraction and phytoplasma detection. PCR were performed on leaf discs and 

insects, using universal and specific primer sequences of phytoplasmas to detect the 

presence of the pathogens (Hren et al. 2007).  
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Study of leafhopper feeding behaviors 

 

The electropenetrography (EPG) is a method that records specific variations of 

the electrical current induced by insects during feeding (Tjallingii 1978; Weintraub and 

Beanland 2006), in relation with stylet penetration in plant tissues. Leafhopper is part of 

an electrical circuit composed of two electrodes; one glued on the pronotum of the 

leafhopper and the other one inserted in the soil substrate. We recorded the feeding 

behavior of Erythroneura vitis, E. ziczac and E. elegantula. Each leafhopper was 

monitored for 4h at 23°C. For each species, at least 30 insects were tested. EPG patterns 

were analyzed using PROBE 3.5 software and statistical analyses were done with the 

EPG Calc software (Giordanengo, 2009). 

 

Results 

 

Prevalence of phytoplasmas in canadian grapevines. 

 

AY was present in vineyards of BC, ON and QC. Phytoplasma DNA was detected 

in a total of 17 symptomatic plants and 21 symptomless plants. Positive samples 

belonged to 16SrI-A and 16SrI-B AY subgroups.  

Phytoplasma disease incidence varied between the provinces. In BC, 0.8% of the 

samples were phytoplasma-positives in 2006, whereas no infected grapevine was 

detected in 2007 and 2008. The disease incidence was high in ON and QC, respectively 

reaching 8.2 and 6.8% of all the leaf discs tested. Prevalence of phytoplasmas varied 

depending on the grapevine cultivars. Cabernet Franc, Sauvignon, Sauvignon Blanc and 

Syrah had more than 25% of infection; Bacot noir, Geisenheim, Vandal-Cliche and Lucie 

Kuhlman had c.a. 10% of infection; Frontenac noir and the Seyval blanc had less than 

6% of infection; Gewurtstraminer and the Chardonnay exhibited less than 2% of 

infection; Pinot Gris, De Chanac, Merlot and Vidal were phytoplasma-negatives. 
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Leafhopper species collected in canadian vineyards. 

 

More than 15 000 individuals and 135 species of leafhoppers were collected in 

canadian vineyards from 2006 to 2008 (Table 1). The most numerous specimens of 

leafhoppers were recorded in BC (5456 cicadellids over 3 years), followed by QC (5403 

cicadellids over 2 years), and ON (4402 cicadellids over 3 years). Twenty-three species 

were predominant; they represented more than 91% of all the cicadellids collected. High 

variability in abundance was observed between the provinces and the species collected.  

In BC, a total of 62 species were collected. Macrosteles fascifrons was the most 

important species (27%), followed by Neosteles neglectus (12%). Exitianus exitiosus, 

Neokolla spp. and Psammotettix spp. represented ca. 10% of the leafhopper fauna of BC. 

In Ontario, 77 species were sampled from 2006 to 2008. Macrosteles fascifrons was the 

most common species, representing ca. 31% of all the cicadellids collected. Erythroneura 

spp. was composed of three major species that represented 27% of collected specimens. 

Graminella nigrifons, Empoasca sp., Endria inimica were also found in important 

numbers in the vineyards from ON. Scaphoideus titanus represented 2% of specimens. In 

Quebec, we collected 17 different species. Erythroneura spp. represented more than 63% 

of all the leafhoppers collected in 2007 and 2008, with five major species. Empoasca 

fabae represented 27%; Macrosteles fascifrons 7% and Scaphoideus titanus represented 

1% of all the cicadellids collected in QC vineyards (Figure 2). 

 

Prevalence of phytoplasmas in leafhoppers. 

 

Phytoplasma DNA was detected in 22 leafhopper species in BC, compared to 12 

in ON and 10 in QC. The highest infection levels were found in Colladonus germinatus 

(9.2%), Psammotettix lividellus (8.8%), Ceratagalia sanguinolenta (7.1%), Exitianus 

exitiosus (6.8%) and Neokolla confluens (6.6%) and Macrosteles fascifrons (3.2%). 

Lowest infection levels were detected among the Erythroneura spp. and Empoasca spp., 

Graminella nigrifons and Amplicephalus inimicus, varying from 0.2 to 1.7%. 

Phytoplasmas detected in leafhoppers belonged to 16SrI-A, 16SrI-B, 16SrI-C, 16SrI-D 

and Ash yellow subgroups. 
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Leafhopper feeding behaviors. 

 

Preliminary results have shown three major patterns of feeding behaviors (Figure 3). In 

the three Erythoneura species tested, we distinguished non-probing phases, mesophyll 

feeding and xylem ingestion. Leafhoppers spend most of the time feeding on mesophyll. 

Short but numerous punctures in the xylem sap were also recorded. Only few non-

probing phases were observed in these species. 

 

Discussion 

 

This survey allowed the estimation of leafhopper diversity, phytoplasma 

prevalence, in leafhoppers and grapevines in canadian vineyards. We demonstrated the 

presence of Aster Yellow phytoplasmas in grapevines and leafhopper specimens. The 

importance of damage and the propagation of the disease varied depending on the 

vineyard localization, the leafhopper abundance and species, and the grapevine cultivars. 

In canadian vineyards, two strains of AY and one of BN were recently detected 

(Olivier et al., 2007; Rott et al. 2007; Olivier et al., 2009b) as well as one strain of X-

disease (Johnson, unpublished data). Also, North American Grapevine Yellow diseases, 

associated with other phytoplasmas, are devastating in Virginia and New York State, and 

may become problematic in Canada. We demonstrated that the 23 predominant 

leafhopper species (Table 1) carried AY phytoplasmas. Flavescence Dorée and Bois Noir 

can also be transmitted by several other leafhopper species present in canadian vineyards 

(Weintraub and Beanland 2006).  

Phytoplasmas have been reported to be restricted to the phloem of their host 

plants. Although Erythroneura spp. have been known as mesophyll feeders and although 

we found that they do not feed on phloem sap, we determined that these species are 

carriers of phytoplasmas. Although Erythroneura spp. appeared to be able to acquire 

phytoplasmas, at this point, we do not know if mesophyll-feeding leafhoppers can vector 

phytoplasmas on vines.  

Furthermore, among the leafhopper species detected phytoplasma-positives, 

several are known to mainly live on grasses and weeds, especially leafhopper species 
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collected in BC. Grasses and weeds may constitute reservoirs for phytoplasmas on which 

leafhoppers could acquire phytoplasmas without necessarily transmitting them to 

grapevines. This hypothesis could explain the low levels of infection in BC vineyards. 

 

Our survey showed significant prevalence of phytoplasmas in grapevines and 

leafhoppers associated with canadian vineyards. Now, that we know that phytoplasmas 

are present in cultivated grapevines and are carried by some leafhopper species, a burning 

question is: are all phytoplasma-carrying leafhoppers competent vectors? More research 

is needed on leafhopper identification, behavior, vectoring ability and management as 

well as on phytoplasma pathogenicity and control. Identification of phytoplasma strains, 

their host plants and their leafhopper vectors should guide the choice of grapevine 

cultivars resistant to phytoplasmas, and optimal periods of intervention against 

leafhoppers. 
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Table 1. Predominant leafhopper species collected in BC, ON and QC vineyards between 2006 and 2008 

 

 
Species 

  BRITISH COLUMBIA   ONTARIO   QUEBEC   
Total 

  2006 2007 2008   2006 2007 2008   2007 2008   

Ceratagallia inconspicua   163 132         295 

Colladonus germinatus   97 73         170 

Deltocephalus grex  45 47 68         160 

Dicraneura absenta   143 71         214 

Empoasca sp  4 18   337 1 14     374 

Empoasca fabae       12   309 1134  1455 

Endria inimica  3 91 35  6 138 65     338 

Erythroneura sp.   1       260   261 

Erythroneura comes      1 238   369 730  1338 

Erythroneura tricincta      425 44 2  166 119  756 

Erythroneura vitifex      459  12     471 

Erythroneura vitis          298 634  932 

Erythroneura vulnerata          71 151  222 

Erythroneura ziczac  14 76   20    6 637  753 

Exitianus exitiosus  135 191 225         551 

Graminella nigrifons   6    83 495     584 

Macrosteles fascifrons  4 520 943   5 1365  35 365  3237 

Neokolla confluens  210 242          452 

Neokolla hieroglyphica  210 4          214 

Nesosteles neglectus   84 579         663 

Psammotettix alienus   66 56         122 

Psammotettix lividellus  50 156 153         359 

Scaphoideus titanus      88 2   3 54  147 
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Figure 1: 

Symptoms observed on 

grapevines infested by 

phytoplasmas: yellowing, 

leaf rolling, chlorosis, 

virescence and decline. 

Phytoplasmas also cause 

significant losses in 

vineyards, reducing the 

vitality of plants and 

yields. 

Figure 2: Specimens of leafhopper species collected in canadian vineyards. 

A) Erythroneura vitis; B) Erythroneura tricincta, C) Erythroneura comes, D) Macrosteles fascifrons 
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Figure 3: EPG system and feeding behavior 

patterns. Leafhoppers are inserted in an 

electrical circuit. Stylet insertion in plant 

tissues generates variations of the electric 

potential that is tissue-specific. 
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