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We compared the longevity of the aphid parasitoid Aphidius ervi fed on honeydew from Aulacorthum 
solani, Macrosiphum euphorbiae, and Myzus persicae on potato. As controls, separate parasitoid 
cohorts were provided with a sucrose solution or water only. All honeydews studied were found 
to enhance parasitoid longevity as much as the sucrose solution. HPLC analysis of the honeydews 
showed little differences in sugar composition between the three aphid species with sucrose, 
fructose, erlose and glucose to be the predominant sugars in all cases. 
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Honeydew is a common sugar-rich excretion of aphids and other phloem-feeding insects and is an 
important food source for many parasitoids (Jervis et al., 1996). This holds especially for 
agricultural ecosystems, as they often lack alternative sugar sources such as floral nectar. 
However, honeydew may be less suitable as a food source for parasitoids when compared to nectar 
or a sucrose solution (Jervis et al., 1996; Wäckers, 2000). These negative effects are possibly 
attributable to the presence of certain aphid synthesised oligosaccharides or secondary plant 
compounds, such as cardenolides (Wäckers, 2000).  

Honeydew is a water-based mixture of various sugars (90-95% of the dry weight), amino acids 
and secondary plant compounds (Maurizio, 1985). Besides plant derived phloem sugars such as 
sucrose, fructose, glucose or maltose, honeydew also contains more complex sugars synthesised by 
the sap feeder, like melezitose, erlose (fructomaltose), raffinose and trehalose (Wäckers, 2000, 
2001). The sugar composition (types, concentrations of sugars) of honeydew may vary with both 
sap-feeder and host plant species (Nemec and Starý, 1990; Hendrix et al., 1992).  

When aphids feed on a genetically modified plant, the honeydew can contain amounts of the 
transgenic product, as proteins for example are not affected by the passage through the insects’ 
digestive system (Rahbé et al., 1995). This has for example been reported for plants expressing 
snowdrop lectin (GNA) (Shi et al., 1994). Therefore it is important to investigate the risk that 
feeding on contaminated honeydew poses for honeydew-feeding insects such as parasitoids. 
Recent studies have shown that GNA dissolved in a sucrose solution has a direct toxic effect on a 
range of adult parasitoids (Romeis et al., 2003). However, the toxic effect of a transgene product 
such as GNA may be altered by the fact that honeydew in itself can be a poor nutrient source or by 
possible interactions with other honeydew components.  

In order to see if there is an effect of honeydew from different aphid species on parasitoid 
survival, the suitability of honeydew from different aphid species was tested using Aphidius ervi 
Haliday (Hymenoptera: Braconidae). A. ervi was chosen as a model species as it is a common 
aphid parasitoid in potato fields, a crop that has successfully been transformed to express GNA 
(Gatehouse et al., 1996). Aphid species (Homoptera: Aphididae) were chosen that are known to be 
common pests in potato fields, i.e. the fox glove aphid Aulacorthum solani (Kaltenbach), the 
potato aphid Macrosiphum euphorbiae (Thomas), and the more generalist green peach aphid 
Myzus persicae (Sulzer). In addition, we analysed the sugar composition of the different honeydew 
types using High Performance Liquid Chromatography (HPLC). 
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MATERIAL AND METHODS 

Honeydew feeding experiment 
Colonies of the three aphid species were maintained in separate cages in one glasshouse 
compartment (22-26ºC) on potato plants (4-6 weeks old). Honeydew was collected on glass plates 
(18 x 18 mm) that were placed under aphid-infested leaves. The glass plates were replaced every 
24 h. 

Pupae of A. ervi were purchased from Andermatt Biocontrol AG (CH) and kept in a climate 
chamber at a temperature of 23 ± 1ºC, 85 ± 2% RH, 16:8 L:D. When the parasitoids emerged they 
were kept with water for 6-12 hours to allow mating. Subsequently individual females were placed 
in small Plexiglas cages (12 x 10 x 5 cm) and provided with cotton wool soaked with water that 
was refreshed every 2-3 days. In addition parasitoids were provided with one of the following: 
honeydew from one of the three aphid species, 2M sucrose solution or no food. 

Honeydew was provided on the glass plates on which it had been collected and was refreshed 
daily. Sucrose droplets were also provided on a glass plate and refreshed every 2-3 days. For both 
sucrose and honeydew fed parasitoids food was in ample supply. Twenty individuals were tested 
for each treatment. 

Longevity data were analysed by ANOVA on the logarithmic transformed data. Means were 
subsequently separated using Tukey’s HSD-Test.  

Honeydew sugar analysis 
During three days of the honeydew feeding experiment, three honeydew samples were taken for 
each aphid species (resulting in 9 samples per aphid species). A petri-dish lid was placed under 
aphid-infested leaves for 24 h to collect the honeydew. Subsequently, a water-satiated piece of 
cotton wool was placed in the bottom part of the Petri dish before adding the honeydew-sprinkled 
lid. By placing the closed dishes for one hour at 23 ± 1ºC the viscosity of the honeydew was 
reduced due to hygroscopy, thus facilitating its collection by micropipettes. Subsequently, 1 µl of 
honeydew was taken from each Petri dish and dissolved in 50 µl ethanol (70%). Sugar 
composition and concentration of the honeydew samples was analysed using HPLC as described 
by Steppuhn and Wäckers (in prep.). The samples were analysed for common nectar and 
honeydew sugars and sugar alcohols (sucrose, fructose, erlose, glucose, trehalose, maltose, 
manitol, sorbitol, melibiose, melezitose and raffinose) and mannose. Mannose was included as 
GNA is known to bind specifically to this sugar (Van Damme et al., 1987). 

RESULTS 

Honeydew feeding experiment 
The availability of a sugar source increased the life span of A. ervi significantly for sucrose as well 
as all three honeydews when compared to water-fed parasitoids (Tukey’s HSD-Test, p<0.005) 
(Fig. 1). Even though parasitoids fed with any of the three honeydews on average lived shorter 
than the sucrose fed wasps, this difference was not significant (Tukey’s HSD-Test, p>0.05). 

Honeydew sugar analysis 
The honeydew from the three aphid species showed high similarities in their sugar composition 
(Fig. 2). The phloem sugar sucrose and its hexose components, fructose and glucose, made up 
between 74 and 79 % of the tested sugars in all three aphid species. Erlose was the most important 
aphid synthesised sugar for all three aphid species, while trehalose was present as well. Sorbitol 
was present in trace amounts (<0.1%) in all three species and traces (0.03%) of melibiose were 
only detected in honeydew from A. solani. Neither the aphid synthesised oligosaccharides 
melezitose and raffinose nor mannose were found in any of the three honeydews. 
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Figure 1. Mean longevity (+ SE) of A. ervi females when fed water, a 2M sucrose solution or honeydew 
from one of the three aphids species (n=20). Different letters indicate significant differences (Tukey’s HSD-
Test; P<0.05). 
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Figure 2. Relative amounts of the honeydew sugars (+ SE) from three aphids species (A. solani, M. 
euphorbiae and M. persicae) feeding on potato plants. 
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DISCUSSION 
The importance of carbohydrate feeding for survival has been described for many parasitoid 
species (Jervis et al., 1996). While honeydew might be the primary food source for insects, 
especially in agricultural systems, honeydew can be far inferior to nectar or sucrose as a food 
source (Leius, 1961; Avidov et al., 1970, Wäckers, 2000). Low suitability may be based on the 
occurrence of particular honeydew-specific sugars, as well as on the presence of plant secondary 
chemicals (Wäckers, 2000). However, our results suggest that honeydews from all aphid-potato 
combinations studied can be considered to be suitable sugar sources for A. ervi.  

The analysis of the honeydew sugars showed that the plant derived phloem sugars, sucrose, 
glucose and fructose, are the most prevalent. Together with the aphid synthesised sugar erlose, 
they constituted over 90% of the sugars in the honeydew of all three aphid species. These four 
sugars were found to be the most suitable among 14 sugars tested for their effect on longevity of 
another hymenopteran parasite, Cotesia glomerata (Wäckers, 2001). In addition, our results 
indicate that the aphids tested either do not excrete potato secondary chemicals in their honeydew, 
or that A. ervi is not affected by the levels excreted. 

Low suitability of honeydew derived from non-transformed plants may overrule potential 
negative effects of transgenic products expressed in honeydew from transgenic crops (Romeis et 
al., 2003). However, given that the honeydews from the three aphid-potato combinations 
investigated here appear to be highly suitable and the fact that mannose did not appear in the 
honeydews, non-target effects of GNA contained in honeydew from transgenic potato plants are 
likely fully expressed. 
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