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3. EXECUTIVE SUMMARY  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Phytoplasmas can influence the behaviour of vectors by modifying plant and insect characteristics, for 
example by altering plant volatiles to lure their insect vectors to infected plants. In addition, sieve tube 
elements of phytoplasma-infected plants have been reported to contain increased levels of sucrose of up 
to 1 M which may influence feeding time and potentially the acquisition of phytoplasma by insect vectors. 
The objectives of the study were (i) to determine the influence of sucrose on feeding of the vector Mgenia 
fuscovaria (Stål) (Hemiptera: Cicadellidae), (ii) to identify volatile compounds that manipulate M. fuscovaria 
and could thus be used in vector management strategies, e.g. traps, to improve disease management, (iii) 
to determine if the grass feeding leafhopper Aconurella prolixa (Lethierry) (Hemiptera: Cicadellidae) is a 
vector of aster yellows phytoplasma (AY), and (iv) to continue monitoring of M. fuscovaria in an AY-infected 
vineyard. 
 
Microtube-feeding assays were carried out to determine the effect of sucrose concentration on adult M. 
fuscovaria choice. Different sucrose concentrations (0.001, 0.01, 0.1, and 1 M) were tested in dual choice 
experiments. Field-collected adult M. fuscovaria tended to prefer sucrose-free buffer solution to a sucrose 
concentration of 1 M, and a 0.1 M sucrose solution to the buffer. No differences were observed between 
the lower sucrose concentrations (0.01 and 0.001 M) and buffer solution. The trends observed in the current 
study suggest that M. fuscovaria prefers sucrose concentrations lower than the 1 M recorded from 
phytoplasma-infected plants. Therefore, high sucrose levels in AY-infected leaves may not lead to 
increased feeding times. 
 
The antennal responses of adult M. fuscovaria to volatile compounds of AY-infected and AY-free grapevine 
branches (cv. Colombard, cv. Chenin blanc) were tested with gas-chromatography coupled electro-
antennography (GC-EAG). Although some compounds were identified that elicited antennal responses, 
the responses were very weak, suggesting that the attraction of M. fuscovaria to AY-infected plants may 
be mainly based on visual cues. Development of management strategies based on the behaviour of M. 
fuscovaria should focus on visual cues combined with olfactory cues instead of olfactory cues only.  
 
Transmission experiments were carried out with A. prolixa collected from the grass Cynodon dactylon 
(Poaceae) in an AY-infected vineyard. One individual and the corresponding artificial feeding medium 
tested positive for AY. Aconurella prolixa is a grass-feeding species. Therefore, controlled transmission 
experiments were carried out with wheat. Eight out of 51 wheat plants exposed to field-collected 
leafhoppers tested positive for AY. The identification of A. prolixa as a potential vector suggests complex 
interactions between AY, host plants and the involvement of potentially more than one leafhopper vector 
species in the pathosystem. 
 
The leafhopper vector M. fuscovaria has been monitored with yellow sticky traps in an AY-infected vineyard 
in Vredendal since 2009. The population of M. fuscovaria monitored in the field was severely affected by 
the continued drought. Very few adults were collected between May and December 2017, although there 
is usually a peak in abundance (numbers) in June/July, suggesting that the risk of spread of AY was low 
during this period.  
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 
Aster yellows phytoplasma (AY; ‘Candidatus Phytoplasma asteris’; 16SrI-B group) is associated with a 
severe disease in grapevine (Vitis vinifera, Vitaceae) and is of phytosanitary concern in South Africa. It 
was recorded for the first time from vineyards in the Western Cape in 2006 (Engelbrecht et al., 2010) 
where it was transmitted to grapevine by the leafhopper Mgenia fuscovaria (Stål) (Hemiptera: 
Cicadellidae) (Krüger et al., 2011). In a previous study M. fuscovaria was shown to be attracted to AY-
infected grapevine branches (Krüger et al., 2015b). This could potentially result in a higher number of 
infected leafhoppers transmitting AY, increasing disease incidence.  
 
Herbivorous insects use visual and olfactory cues for host plant location. Volatile organic compounds 
(VOCs) emitted by plants may attract or repel insect herbivores. Phytoplasmas can influence the 
behaviour of vectors by modifying plant and insect characteristics (Hogenhout et al., 2008; Mayer et al., 
2008). For example, phytoplasmas can lure their vectors to infected host plants by modifying plant 
volatiles (Mayer et al., 2008). Volatile compounds that attract insect vectors can be used in trapping 
systems to improve disease management.  
 
In a dual choice experiment adult M. fuscovaria were more strongly attracted to AY-infected than 
uninfected grapevine branches (Krüger et al., 2015b). The experiment did not differentiate between 
visual and olfactory cues as attractants. AY-infected plants differ in their volatile composition from 
uninfected plants (La Grange, 2016). In order to determine if there are any differences in the volatile 
profiles that might influence the behaviour of M. fuscovaria, the behavioural response of the leafhopper 
to AY-infected and uninfected branches was evaluated in olfactometer tests (La Grange, 2016). The 
current study aimed at evaluating if any of the volatile compounds produced by AY-infected and 
uninfected grapevine branches would induce an electrophysiological response from M. fuscovaria. 
Volatiles that modify the behaviour of the vector could be used to develop, for example, a push-pull 
approach (Hassanali et al., 2008) by utilizing plant volatiles to repel insects from grapevine and attract 
them to a trap or trap crop to reduce the number of vectors settling on grapevine plants or in vineyards 
at risk. 
 
Heightened sucrose content in phytoplasma-infected compared to uninfected leaves (Musetti, 2010) 
may increase feeding time (Hibbs et al., 1964) and consequently the possibility of vectors to become 
infected. The study concentrated on sucrose as a carbohydrate because (1) sucrose is the major 
photosynthetic product and dominant sugar in the phloem (Rolland et al., 2006), (2) sucrose content is 
increased in AY-infected leaves (Musetti, 2010), and (3) it is the major carbohydrate taken up by phloem 
feeders such as leafhoppers (Cicadellidae). Attraction by AY-infected plants through altered plant 
volatiles and longer feeding times could therefore lead to a greater number of infected leafhoppers and 
subsequently to increased disease transmission.  
 
Aster yellows phytoplasma has a broad host range (Hogenhout et al., 2008) and has been recorded 
from various wild and crop plants growing in and around vineyards in South Africa (Krüger et al., 2015a). 
Several leafhopper species (Hemiptera: Auchenorrhyncha: Cicadellidae) are known to transmit AY 
(Weintraub & Beanland, 2006). Although the leafhopper M. fuscovaria (Stål) has been identified as a 
vector of AY in grapevine (Krüger et al., 2011), the demonstrated transmissibility of AY to Catharanthus 
roseus (periwinkle) in the field is in contrast to the inability of M. fuscovaria to transmit the pathogen to 
this host in laboratory assays (Krüger et al., 2015a). This, together with the presence of AY in other 
leafhopper species, suggests that further taxa might be involved in the AY pathosystem in South African 
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vineyards. A potential vector is Aconurella prolixa (Lethierry) (Hemiptera: Cicadellidae), a common 
species on the grass Cynodon dactylon (Poaceae) in AY-infected vineyards in the Vredendal region. 
 
Objectives 
• Determine the influence of AY on insect vector behaviour 

a. Evaluate the role of sucrose on feeding by M. fuscovaria 
b. Determine the role of olfactory cues in the attraction of M. fuscovaria to AY-infected 

grapevine in the absence of visual cues. Identify volatile compounds that manipulate M. 
fuscovaria and could be used in vector management strategies, e.g. traps, to improve 
disease management 

• Determine if A. prolixa is a vector of AY 
• Continue with monitoring of M. fuscovaria in an AY-infected vineyard in Vredendal 
 
Amended workplan 
 
The study on determining whether Aconurella prolixa is a vector of AY was added to the project and 
the monitoring of M. fuscocaria in an AY-infected block in Vredendal continued due to THRIP 
(Technology and Human Resources for Industry Programme, DTI and NRF) funding received. 
 
 
5. DETAILED REPORT 
 
a. PERFORMANCE CHART (for the duration of the project) 
 

Milestone Target Date Extension 
Date 

Date 
completed 

1.  Determine influence of sucrose on 
feeding by M. fuscovaria 

November  2014 April 2018 April 2018 

2.  Determine the influence of volatiles 
emitted by AY-infected grapevine plants 
on the behaviour of M. fuscovaria 

November 2014 April 2018 April 2018 

3.  Identify volatile compounds that 
manipulate M. fuscovaria 

March 2017 April 2018 April 2018 

Additional work    

4.  Determine if Aconurella prolixa is a vector 
of AY 

March 2017  September 
2017 

5.  Monitoring of M. fuscovaria in an AY-
infected vineyard in Vredendal 

March 2017  March 2017 

 
Due to the ongoing drought and consequently reduced leafhopper numbers in the Vredendal region the 
project was extended to April 2018.  
 
b)  WORKPLAN (MATERIALS AND METHODS) 
 
Sucrose concentration 
 
Different extraction methods have been evaluated in order to identify a suitable method for isolating 
carbohydrates (sucrose) from phloem sap of grapevine leaves. Three main methods, viz., spontaneous 
exudation, EDTA-facilitated exudation and insect stylectomy, have been used successfully in the past 
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(Dinant et al., 2010). The last method, stylectomy, which involves the removal of the mouthparts (stylets) 
of the feeding insect, yields high purity phloem sap. However, this method is not suitable because it 
involves cutting the mouthparts by laser beam or radiofrequency microcautery, which could not be 
adopted in the current study because insects could not be removed from the Vredendal region due to 
the quarantine status of AY. Experiments to test spontaneous exudation and EDTA-facilitated exudation 
were carried out in the laboratory at the University of Pretoria with AY-free grapevine, and in Vredendal 
with AY-infected and uninfected grapevine.  
 
The spontaneous exudation method, which allows for quantification of phloem compounds was tested 
with grapevine leaves from pot- and field-grown plants. The method relies on the phloem spontaneously 
to exude from plant organs after wounding, followed by collection of phloem sap with glass 
microcapillaries. Different leaves of varying ages and from different plants grown in climate-controlled 
rooms and in a greenhouse (cv. Colombard) and from and in the field in Vredendal (Cv. Colombard; cv. 
Chenin blanc) were tested. 
 
The EDTA-facilitated exudation method is based on the use of the calcium-chelator ethylene diamine 
tetraacetic acid (EDTA). The chelator prevents the blocking of sieve plate pores due to phloem injuries 
(Rennenberg et al., 1996). The method has been used successfully for extraction of phloem sap from 
woody plant species (Rennenberg et al., 1996). Four different EDTA solutions (5, 10, 15 and 20 mM, 
pH 7) were evaluated in the laboratory in Pretoria. The rationale was to test different concentrations 
and to determine if the amount of phloem sap exuded could be quantified by calculating the weight gain 
of the EDTA solution. Leaves of similar size were excised from the shoot axis and immediately inserted 
singly into 1 ml EDTA solution in a 2 ml microtube, whereupon the weight of each tube with leaves was 
taken to account for differences in leaf size; leaves in distilled water only served as a control. The tubes 
were sealed with Parafilm to prevent changes in water content due to evaporation or uptake of 
atmospheric water and transferred to sealed glass containers. To increase humidity in the glass 
containers and avoid loss of exudates through transpiration, two saturated salt solutions (FeCl2.6H2O 
and NaCl) or distilled water were added to separate containers. Saturated NaCl solution together with 
distilled water yielded the best results and were added to the glass jars to maintain humidity at c. 70% 
RH. The leaf samples were incubated for 6 hours in glass cages (25 x 25 x 25 cm) at 23 °C and in later 
experiments for better humidity control in glass jars (3 l) with NaCl solutions (40 ml) together with distilled 
water (40 ml) at 25 °C in darkness in incubators. After completion of the exudation period the tubes 
were weighed again. A further experiment was carried out at Vredendal in summer. Six EDTA-exudation 
solutions (1, 5, 10, 15, 20, and 50 mM) were evaluated using AY-infected and AY-free leaves (cv. 
Colombard). Each of the 2 ml tubes with the EDTA solutions was weighed with the leaf to account for 
differences in leaf size before transferring the leaf in the EDTA solution to a glass jar (3 l) with the 
saturated NaCl solution (40 ml) and water (40 ml). The jars were kept in the dark, and the weight of the 
tubes was measured in hourly intervals for up to 4 hours. The results over the four-hour interval period 
were pooled. 
 
Feeding experiment 
 
Different experimental designs were evaluated for the feeding experiment with a liquid artificial diet 
containing distilled water and buffered sucrose (Bosco & Tedeschi, 2013). Firstly, a plastic cup method 
with a two-layer membrane (Parafilm) where the artificial liquid diet (5% sucrose in TE (10 mM Tris and 
1 mM ethylene diamine tetraacetic acid (EDTA) at pH 8)) and distilled water as control was added 
between the membranes was evaluated (Fig. 1). To test the method in Pretoria, different leafhopper 
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species were collected from the Botanical Garden of the University of Pretoria. The cup method was 
tested with 5 to 20 μl diets. However, it was found not suitable because none of the insects would feed 
on the diets, even when different light sources above the cup were used to attract the leafhoppers. The 
same observation was made when the method was tested with M. fuscovaria in Vredendal.  
 
Secondly, a microtube method (Bosco & Tedeschi, 2013) where the bottom ends were cut off and the 
caps divided into two compartments using silicone to compare diets with different sucrose solutions, 
was tested. The caps were sealed with stretched Parafilm after adding the artificial diet with sucrose in 
one compartment and distilled water in the second compartment. Adult M. fuscovaria were placed in 
the tubes individually through the cut ends, which were then plugged with cotton wool (Fig. 1). The caps 
were oriented towards the sun to attract insects to the feeding medium, because artificial light was 
found to be less attractive in the current study. The microtube feeding method proved very successful; 
adult M. fuscovaria readily fed on the liquid diet. Therefore, this method was adopted to determine the 
attractiveness of representative sucrose concentrations recorded from phloem from AY-infected and 
AY-free leaves. Insects could be observed more easily in glass vials. Therefore, the feeding trials were 
carried out with glass vials, where the plastic caps were divided into two equal-sized compartments 
using silicone to compare diets with different sucrose solutions and buffer as control.  
 

Fig. 1. (A) Microtube cage with artificial feeding media in two compartments in the cap and (B) 
plastic cup cage with the artificial feeding media between two Parafilm® membranes.  
 
A range of sucrose concentrations was tested [0.001, 0.01, 0.1 and 1 M in TE buffer (10 mM Tris and 
1 mM ethylenediaminetetraacetic acid (EDTA) at pH 8)]. The sucrose concentrations were based on 
Christensen et al. (2005), who stated that sieve tube elements of AY-infected plants contain up to 1 M 
sucrose. The caps were sealed with stretched Parafilm after adding the artificial diet with sucrose in 
one compartment, and TE buffer as control in the other compartment. Adult M. fuscovaria were placed 
in the tubes individually. To attract the insects to the feeding media, the caps were oriented towards the 
sun. Insects were observed for 15 min to determine first choice. However, despite having starved the 
adults for at least 30 min many leafhoppers were very active and did not make a choice within 15 min. 
Therefore, longer times were tested and insects were regularly observed for a 24-hour period during 
daytime. 
 
Antennal responses of Mgenia fuscovaria to volatiles from AY-infected and uninfected 
grapevine 
 
Combined gas chromatography (GC) and electroantennography (EAG) were used to determine the 
responses of M. fuscovaria antennae toward volatiles from AY-infected and uninfected cv. Colombard 
and cv. Chenin blanc grapevine branches in summer. The EAG detects voltage changes between the 

A
Diet 2Diet 1

Cotton wool

Diet 2Diet 1

Parafilm

B

Parafilm
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tip and the base of the antenna whilst being stimulated by a plant volatile. Due to the difficulty in testing 
complex plant volatile mixtures gas chromatography is linked to the EAG. This enables recordings of 
insect antennal responses stimulated directly by GC-separated compounds in a mixture such as 
entrained plant volatile samples. The method was described in detail in La Grange (2016). 
 
Transmission of AY by Aconurella prolixa (Lethierry) (Hemiptera: Cicadellidae) 
 
Experiments were carried out in Vredendal in the Western Cape, South Africa, during different times of 
the year with A. prolixa collected from the grass C. dactylon in AY-infected vineyards. Transmission 
assays with field-collected insects were performed by giving one to six adults access to 200 µl artificial 
sucrose feeding medium [5% sucrose in TE (10 mM Tris and 1 mM ethylenediaminetetraacetic acid 
(EDTA) at pH 8)] in a lid of a 150 ml microtube through Parafilm® for 24 to 48 hours (Bosco & Tedeschi, 
2013) (Fig. 2). The artificial feeding media were screened after completion of feeding assays for the 
presence of AY phytoplasma following Bosco and Tedeschi (2013). In addition, transmission assays 
were carried out with Triticum aestivum (wheat, cultivar Duzi), and periwinkle as recipient plants. 
Groups of 10 to 20 adult leafhoppers were given inoculation access periods (IAPs) of 24 to 48 hours to 
plants enclosed in 2 l ventilated plastic bottles where the bottoms were removed. The number of insects 
used per transmission was determined by the number of insects collected in the field. Plants not 
exposed to A. prolixa served as negative controls.  
 
 

 
  
Fig. 2. Modified microtube with artificial feeding medium in the cap sealed with parafilm for pre-
screening of potential insect vectors for AY transmission. 
 
Molecular analysis 
 
Nucleic acids from single intact leafhoppers were obtained using a non-destructive TNES buffer (1 M 
Tris-HCl, pH 7.4, 5 M NaCl, 0.5 M EDTA, 10 % SDS) extraction method adapted from a protocol 
provided by J. Peccoud and N. Sauvion (French National Institute for Agricultural Research (INRA) 
Montpellier, France), based on Sambrook and Russell (2001) to preserve specimens for morphological 
identification. DNA was extracted from artificial feeding media following Bosco and Tedeschi (2013) by 
adding 10 ml of 0.5 M NaOH and 20 ml 1 M Tris–HCl (pH 8.0) containing 1% sodium dodecyl sulfate 
and 20 mM EDTA. Samples were incubated for 15 min at 65°C, precipitated with 2 volumes of ethanol, 
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re-dissolved in 30 ml TE. DNA from leaf veins was done using the NucleoSpin Plant II kit (Macherey-
Nagel, Düren, Germany). Nucleic acid extractions were tested for the presence of AY DNA with real-
time PCR using the LightCycler® TaqMan® Master kit (Roche Applied Science, Germany), the 
LightCycler® 1.5 instrument (Roche Applied Science, Switzerland) and the primers and protocol 
adapted from Angelini et al. (2007).  
 
Leafhopper monitoring in Vredendal 
 
Mgenia fuscovaria and other leaf- and planthopper populations have been monitored from October 
2009. Ten yellow sticky traps were placed in a grapevine cv. ‘Colombard’ block heavily infected with 
AY. The sticky traps were replaced weekly. Plant in the rows that were used for monitoring were not 
treated with insecticides.  
 
 
c) RESULTS AND DISCUSSION 
 
Milestone 1. Influence of sucrose on feeding by M. fuscovaria 
 
Members of the family Cicadellidae, to which Mgenia fuscovaria belongs, feed on the phloem sap of 
plants. Sucrose content from leaves of grapevine plants has been determined previously using whole-
leaf extracts (Hunter & Ruffner, 2001). Because the composition of nutrients in phloem sap and whole 
plant leaves differs, whole-leaf extracts are not an optimal surrogate for phloem sap. In order to identify 
a suitable method for isolating carbohydrates (sucrose) from phloem sap of grapevine leaves, different 
extraction methods were evaluated. The spontaneous exudation and EDTA-facilitated exudation 
techniques provided unsatisfactory results; grapevine does not form part of the limited number of plants 
that exudate phloem sap spontaneously (Dinant & Kehr, 2013). The quantification of phloem 
compounds EDTA-facilitated exudation is difficult (Dinant et al., 2010) and the values obtained with the 
EDTA-facilitated exudation in the current study were too inaccurate. There was a net loss of buffer for 
all concentrations tested except for the 15 mM EDTA solution where a weight gain was observed for 
some replicates. However, results were inconsistent and it was therefore decided to base the 
experiment on the publication by Christensen et al. (2005), who stated that sieve tube elements of AY-
infected plants contain up to 1 M sucrose. 
 
Of the 127 individual adult M. fuscovaria tested (28 to 31 for each concentration), 76 (60%) made a 
choice within a 24-hour period (Fig. 3). The leafhopper tended to prefer the control buffer solution 
without sucrose (68%) to the highest concentration tested (1 M; 32%), and second highest 
concentration (0.1 M; 63%) to the buffer solution (37%). Leafhoppers did not show any preferences 
between the lower sucrose concentrations tested (0.01 M; 0.001 M) and the buffer solution. Differences 
between the buffer and sucrose solutions were not significant (Binomial tests; P > 0.05). Leafhoppers 
used in feeding experiments were tested for AY infection because infection status may influence 
behaviour. All the leafhoppers from a vineyard with no AY infection tested negative. Only one leafhopper 
collected from an AY-infected vineyard tested positive for AY. Only a few leafhoppers settled for longer 
feeding periods. More replicates are needed to confirm the trends. Experiments were carried out during 
2014/2015 and 2015/2016 seasons, they could not be continued in 2017 due to extremely low numbers 
of adult M. fuscovaria in Vredendal.  
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Fig. 3. Feeding choice of adult Mgenia fuscovaria between sucrose solutions of different 
concentrations and a TE buffer solution. The bars represent the percentage of tested individuals 
that made a particular choice in a 24-hour observation period; the actual numbers of insects 
that made a choice are given in each bar.  
 
Phytoplasma-infected leaves showed increased levels of sucrose compared to leaves of healthy plants 
(Musetti, 2010). However, based on the trends observed in the current study, M. fuscovaria seems to 
prefer sucrose concentrations lower than the 1 M mentioned for phytoplasma-infected plants by 
Christensen et al. (2005). This is in agreement with Dahlman et al. (1981), who observed that lower 
concentrations of sucrose of 0.0075 M to 0.4 M stimulated feeding, whereas a 1 M sucrose solution 
inhibited feeding by the potato leafhopper Empoasca fabae Harris (Hemiptera: Cicadellidae). The 
results suggest that high concentrations of sucrose in the phloem of AY-infected plants may not 
increase feeding. 
 
Milestones 2 and 3. Volatile compounds emitted by AY-infected grapevine plants that influence 
the behaviour of M. fuscovaria 
 
The volatile profiles of AY-infected and AY-free grapevine branches were determined for cv. Colombard 
and cv. Chenin blanc in summer and in autumn (La Grange, 2016). Spring was not included because 
grapevine does not display AY-symptoms early in the season, making the identification of AY-infected 
branches difficult. The response of AY-free M. fuscovaria to particular volatiles was examined with gas-
chromatography coupled electro-antennography (GC-EAG), which allows for the detection of antennal 
responses to single compounds in a blend. Antennal responses were tested for 22 adult leafhoppers 
collected from cv. Colombard and three collected from cv. Chenin blanc in summer. Only 6 out of 22 
responses could be used for the final analysis. Three responses were identified for AY-infected 
grapevine cv. Colombard (n = 2). Compounds were identified as either 1-Octen-3-ol or phenol, 
aromadendrene and (E,E)-α-farnesene. 1-Octen-3-ol and phenol co-eluted and therefore the response 
could be attributed to either of these compounds. Three responses were identified for uninfected 
grapevine cv. Chenin blanc (n = 4). In two cases, more than one compound eluted simultaneously and 
therefore responses could be attributed to any of these co-eluting compounds. The first response was 
for (E)-2-hexenal and/or (Z)-3-hexen-1-ol. The second response was for (E)-2-hexen-1-ol and/or 1-
hexanol. (E,E)-α-farnesene, the most abundant compound recorded from both AY-infected and 
uninfected grapevine, was produced in significantly greater quantities in AY-infected grapevine in cv. 
Colombard in summer (La Grange, 2016). This compound has been shown to be emitted in response 
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to pathogen infection (Vuorinen et al., 2007; Toome et al., 2010). In the electrophysiological studies, M. 
fuscovaria responded to these elevated concentrations of (E,E)-α-farnesene in AY-infected plants, but 
not to uninfected plants. Aromadendrene, which was found specifically in AY-infected grapevine, also 
induced an electrophysiological response from M. fuscovaria. In general, electrophysiological 
responses from M. fuscovaria were, however, low. The continued drought in Vredendal resulted in 
extremely low numbers of M. fuscovaria in the field in Vredendal, and single compounds could not be 
tested via olfactometer assays as originally planned. 
 
Mazzoni et al. (2009) also observed low EAG responses toward host plant volatile compounds for the 
leafhopper Scaphoideus titanus titanus Ball (Hemiptera: Cicadellidae), a vector of Flavescence dorée, 
and scanning electron microscopy revealed few antennal sensilla potentially associated with olfaction. 
While some leafhoppers and related species use olfactory cues for host plant location (Todd et al., 
1990; Sharon et al., 2005; Mazzoni et al., 2009; Riolo et al., 2012), others do not respond to olfactory 
cues alone (Saxena & Saxena, 1974; Bullas-Appleton et al., 2004; La Grange et al., 2017) but may be 
more dependent on visual cues. The olfactometer and EAG assays together with the preference for 
AY-infected branches in a dual choice experiment (Krüger et al., 2015b) suggest either an interaction 
between olfactory and visual cues, or that M. fuscovaria is likely to be more attracted to AY-infected 
plants by differences in visual rather than olfactory cues. Behavioural management strategies should 
therefore incorporate visual cues and olfactory cues rather than relying on the sole use of olfactory 
cues. 
 
Milestone 4. Determine if Aconurella prolixa is a vector of AY 
 
The leafhopper A. prolixa is abundant on the grass Cynodon dactylon (Poaceae) in the Vredendal 
region. It occurred in high numbers, even during the drought, at a water point next to a highly AY-
infected cv. Colombard block. This species tested positive for AY and successfully transmitted the 
pathogen to an artificial feeding medium. One out of 12 individuals and one out of three feeding media 
tested positive for AY (Fig. 4). None of the periwinkle plants (n =3) exposed to field-collected adult A. 
prolixa tested positive for AY. A. prolixa is a grass-feeding species, and controlled transmission assays 
were also carried out with wheat. Eight wheat plant samples out of 51 used in transmission assays with 
this species tested positive for AY. Negative plants controls not exposed to A. prolixia tested negative 
for AY. 
 

 
 

M. Stiller

Aconurella
Negative controls

Positive control

Feeding medium

Aconurella prolixa
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Fig. 4. LightCycler™-assisted real-time polymerase chain reaction (PCR) amplification of 
aster yellows phytoplasma (AY) from Aconurella prolixa, an articifical feeding medium exposed 
to A. prolixa and an AY-positive controls. The samples showing no amplification are the 
negative controls. 
 
The leafhopper vector M. fuscovaria was able to transmit AY experimentally to several poaceous plant 
species (maize, wheat, triticale) and several plant species, including Poaceae, were identified as 
reservoir plants of AY in South African vineyards (Krüger et al., 2015a). It is not known whether M. 
fuscovaria or A. prolixa can transmit AY from Poaceae to grapevine. However, the identification of the 
grass-feeding A. prolixa as a potential vector suggests complex interactions between the phytoplasma, 
host plants and the involvement of potentially more than one leafhopper vector species in the 
pathosystem. 
 
Mileston 5. Monitoring of M. fuscovaria in an AY-infected vineyard in Vredendal 
 
The population dynamics of M. fuscovaria has been monitored weekly in an AY-infected block in 
Vredendal since 2009 in order to determine, amongst others, the timing of management actions as well 
as the timing of experiments in Vredendal. The monitoring has beeen carried out with support from 
VinPro and Namaqua Wines. Due to some logistic problems there have been gaps in the weekly 
monitoring for 2015/2016 and 2016/2017 seasons. Continuous monitoring on a weekly basis 
commenced again in May 2017. The numbers of M. fuscovaria collected during 2017 were low due to 
a prolonged drought, suggesting that the risk of infection of grapevine with AY during this period was 
low Fig. 5). 
 

 
Fig. 5. Abundance of adult Mgenia fuscovaria based on the number of adults collected on 10 
yellow sticky traps per week in an AY-infected vineyard (cv. Colombard) in Vredendal from 2009 
to December 2017. 
 
 
d)  CONCLUSIONS  
 
High sucrose levels in AY-infected leaves compared to leaves from healthy plants may not lead to 
increased feeding times because M. fuscovaria tends to prefer sucrose concentrations lower than the 
1 M reported from phytoplasma-infected plants. 
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Mgenia fuscovaria responded to elevated concentrations of (E,E)-α-farnesene in AY-infected plants 
and aromadendrene found specifically in the headspace of AY-infected grapevine, as well as to some 
volatile compounds emitted from uninfected grapevine cv. Chenin blanc. However, the antennal 
responses of M. fuscovaria to volatiles from grapevines cv. Colombard and cv. Chenin blanc, were very 
weak. Development of management strategies based on the behaviour of M. fuscovaria should 
therefore focus on combing visual and olfactory cues instead of on olfactory cues only. 
 
The grass-feeding A. prolixa has been identified as an experimental vector of AY. Field collected adults 
successfully transmitted AY to healthy wheat plants. It is not clear if the species can transmit AY to 
grapevine. Several poaceous plants were identified as reservoir plants of AY in South African vineyards 
and the identification of A. prolixa as a potential vector suggests complex interactions between 
pathogen, host plants and potentially more than one insect vector species.  
 
The number adult leafhoppers of the vector M. fuscovaria was very low during the prolonged period of 
drought suggesting that the risk of insect vector-mediated spread of AY during this period was low. 
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