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Repellence and toxicity of plant essential oils to the potato 
aphid, Macrosiphum euphorbiae 
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Several plant essential oils were tested for their effect on behaviour and mortality of M. euphorbiae. 
Olfactory and contact experiments were performed to study these effects. We found that host 
plant and formulation of the different oils have a strong influence on repellence and mortality of the 
aphids. Three out of ten tested oils show potential for control of this aphid in greenhouses and 
field crops. 

Keywords: Macrosiphum euphorbiae, essential oils, repellence, mortality, windtunnel 

The potato aphid (Macrosiphum euphorbiae) is an economically important pest in many arable 
crops (Moeller 1973). It is an important vector of plant viruses (Cerato et al. 1994) and causes 
growth reduction of plants. Although biological control of M. euphorbiae in greenhouses is 
successful, reduction of high populations with non-persistent chemicals is sometimes necessary 
before introduction of parasitoids or when the circumstances for biological control are 
unfavourable. Virus transmission at low aphid populations in certain crops is also limiting the 
possibilities for biological control. The reduced number of available insecticides in The 
Netherlands and the need for alternatives to control insect pests with no or limited effects on non-
target organisms has led to this study on the effectiveness of plant essential oils. Plant essential oils 
constitute a rich source of bioactive chemicals and are commonly used as fragrances and 
flavouring agents in food. Several essential oils have been tested against different insect species, 
including aphids (Masatoshi 1999a,b). Many of these studies show that prolonged contact and/or 
periods of exposure to high concentrations in the vapour phase (fumigation) are needed to kill the 
insects. Repelling insects from their host plants by spraying plant essential oils is even more 
difficult since they have to mask the host-plant odour for prolonged periods. Product formulation 
of these essential oils is critical for efficacy in time, phytotoxicity of the treated plants as well as 
prevention of washing off. 

In this study we looked at different aspects related to efficacy of repelling and killing M. 
euphorbiae with a number of plant essential oils in different formulations in a laboratory study. 
Further, we tested the effect of plant species and treatment with a formulated essential oil in a 
windtunnel test on repellence efficacy. 

MATERIAL AND METHODS 

Plant material 
Eggplants (Solanum melongena) were used for all experiments. The plants were reared in a 
glasshouse at 16°C and a photoperiod of L16:D8. Potato plants (Solanum tuberosum), used for 
olfactory lab tests and windtunnel experiments, were reared at a day temperature of 20°C, and a 
night temperature of 15°C with a photoperiod of L16:D8. 

Aphids 
Alate and apterae M. euphorbiae were reared on eggplants and potato plants in acrylic cages at 
20°C and a photoperiod of L16:D8. 

Essential oils 
Seven plant essential oils (Basil, Citrus, Eucalyptus, Lavender, Mint, PRI(D) and Thyme) were 
formulated in Triton-X-100 (0.5%) and diluted to a 0.1% and 1% suspension in water. Three 
essential oils (Denka A, Denka B and Denka C) were formulated by the company Denka 
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International. Dilution to 0.1% and 1% in demineralized water gave suspensions that remained 
stable for at least 24 h. For each of these three oils, a slow-release and a fast-release formulation 
were produced. Properties and composition of the coded essential oils are currently restricted for 
publication. 

Repellence experiment 
A T-bar was used for the repellence experiments. Leaf discs (Ø 1.7 cm) were placed on each side 
of the T-bar, one control and one treatment. The aphids could choose between a leaf disc treated 
with a diluted formulation without essential oil (Control) and a leaf disc treated with a formulated 
essential oil diluted in demineralized water (Treatment). The leaf discs were taken from potato or 
eggplant. We tested all combinations of host plant (eggplant/potato), aphid stage (alate/apterae) 
and release formulation (slow-release/fast-release). 

Whole leaves were sprayed with 2 ml (corresponding with 284 l/ha) of the diluted oil 
suspensions or control suspensions with a Potter tower. The leaves were dried for 15 min and leaf 
discs were punched from the leaves and used in the test. The aphids were collected from the 
rearing and placed in the dark, 30 min before the start of the experiment. 

Centred above the T-bar a weak light source was placed to stimulate the aphids to walk 
upwards. Aphids (one at a time) were placed at the bottom of the vertical bar. Aphids could walk 
up and choose for one of both sides of the T-bar. For each aphid the settlement on the leaf disc was 
recorded. 

Per experiment 25 aphids were tested and each experiment was performed in duplo. After 
every five aphids the T-bar was turned 180° and the leaf discs were replaced with fresh ones. 

Windtunnel experiment 
Plant and oil effect on M. euphorbiae behaviour was studied in a windtunnel set-up (Nottingham 
& Hardie 1993). Four host plants (potato and/or eggplant) were placed next to each other in the 
windtunnel. A clean air stream (0.1 m/s) was blown over the plants and alate aphids were released 
1 h after placing the plants in the windtunnel. The temperature of the windtunnel during the 
experiments was 20.5°C. Fifty aphids were collected 1 h before release in the windtunnel. They 
were released from a plastic cup (height 5 cm) at 90 cm from the plants. Fluorescent lamps above 
the tunnel between aphid release point and plants were switched on. 

The treated plants were sprayed with a 0.2% or 1% Denka C suspension, or Denka Blanco 
suspension. The slow-release and fast-release formulations were both tested. Plants were sprayed 
in a closed tunnel with a spraying boom containing 2 nozzles (Ø 1.2 mm) moving over the plants 
at a speed and spraying pressure equivalent to spraying 300 l/ha. 

At different times after release of the aphids in the windtunnel the number of aphids settled on 
the plants were counted. The experiments performed were: 
 Experiment 1: Four untreated host plants (potato and eggplant). 
 Experiment 2: Four treated eggplants sprayed with Denka C (slow-release or fast-release). 
 Experiment 3: Two treated eggplants sprayed with Denka C next to two Denka Blanco sprayed 

or untreated plants. 
 Experiment 4: Two untreated potato plants placed next to two untreated eggplants. This test 

was performed twice: once with aphids reared on eggplant and once with aphids reared on 
potato. 

Toxicity experiment 
The toxicity effect of essential oils on M. euphorbiae was studied in a laboratory test. One leaf disc 
(Ø 40 mm) was placed in a dish (Ø 72 mm) filled with agar (1.5%), with a gauze in the lid. Five 
aphids were released and after one hour the leaf disc with aphids was sprayed with 2 ml of diluted 
essential oil or control suspension. Each treatment was repeated 20 times. As a control 0.5% Triton 
and an unsprayed treatment were included. Two concentrations (0.1% and 1%) of the essential oil 
were tested for each treatment. For the Denka formulations the fast-release formulations were 
tested, including two control treatments (0.1% and 1%). The dishes were placed upside down on a 
big gauze cage enabling free evaporation of the volatiles from the oils out of the dishes. 

Mortality was noted after one hour, and then every 24 h, during four days. 
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RESULTS 
Repellency was observed for six treatments and attractiveness was found for one treatment 
(Fig. 1). Figure 1 only shows the results significant different from even distribution of the T-bar 
experiments. All the other combinations of host plant, aphids stage and release formulation were 
tested, but no significant differences were found. 

Denka B (fast-release) sprayed on eggplant was repellent for apterae M. euphorbiae, but was 
attractive when sprayed on potato. Denka C (fast-release) was repellent for alate and apterae M. 
euphorbiae on eggplants but not when sprayed on potato plants. Denka C (slow-release) was 
repellent for apterae but not repellent for alate when sprayed on potato plants (data not shown). 
Denka A showed repellence for alate M. euphorbiae on potato and eggplant but no repellence was 
found for apterae M. euphorbiae 

 
 

 
Figure 1. Effects of essential oils (T-bar experiment) on the settlement of M. euphorbiae. DA = 1% Denka A 
formulation suspended in water, DB = 1% Denka B formulation suspended in water, DC = 1% Denka C 
formulation suspended in water. Asterisks indicate results statistically different from even distribution at 
P<0.05 (*), P<0.01 (**) or P<0.001 (***). 

 

 
Figure 2. Effect of DC (= Denka C) on the settlement of M. euphorbiae on eggplants in three windtunnel 
experiments. 1 = DC slow-release vs. Blanco formulation, 2 = DC fast-release vs. Untreated, 3 = DC fast-
release vs. Blanco formulation. Number of aphids present predicted values from the regression analysis. 
Asterisks indicate results statistically different from even distribution at P<0.05 (*). 
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Figure 3. Toxicity of essential oils on M. euphorbiae, 72 h after application. U = Untreated, Bl = Blanco 
Triton-x-100 (0.5%), Ba = Basil, C = Citrus, D = PRI(D), E = Eucalyptus, L = Lavender, M = Mint, T = 
Thyme, DBl = Denka Blanco, DA = Denka A, DB = Denka B, DC = Denka C. All the treatments are 1% oil 
diluted in water. Bars marked by a different letter are statistically different from each other at P = 0.05. 

 
 
 
Statistical analysis indicated an overall effect of host plant on repellence. More aphids settled 

on eggplant leaves treated with Denka Blanco than on potato leaves treated with the Blanco 
formulation. An effect of formulation on repellence was found for sprayed potato plants but not for 
sprayed eggplants. The fast-release formulation appeared to be more repellent than the slow-
release formulation. 

The windtunnel experiments showed repellent effects of Denka C (fast-release formulation) 
for M. euphorbiae (alate) when compared with unsprayed host plants (P=0.04, Fig. 2). Denka C 
(slow-release) tended to be repellent compared with Denka Blanco (P=0.06) whereas Denka C 
(fast-release) did not differ from Denka Blanco (P=0.1). Comparison between the different 
treatments revealed that Denka C (slow-release) repelled significantly more aphids than Denka C 
(fast-release). Windtunnel tests with untreated host plants showed that aphids reared on potato, had 
a clear preference for eggplant and aphids reared on eggplant preferred potato (data not shown). 

The ten tested essential oils showed significant differences in their toxicity to M. euphorbiae. 
Seven of the ten tested essential oils (Basil, Lavender, Mint, PRI(D), Denka A, Denka B and 
Denka C) showed a significant higher mortality compared to the untreated (Fig. 3) at a 
concentration of 1%. For three essential oils (PRI(D), Denka B and Denka C) mortality was higher 
than 80%, 72 h after spraying. 

For the Denka formulations, the 0.1% suspensions had a significantly lower effect on the 
aphids than the 1% suspensions (data not shown). Denka B (1%) and Denka C (1%) showed a 
significant higher mortality than Denka Blanco (1%), which indicates an additive effect of the 
essential oils. Except for PRI(D), all the Denka formulations gave a higher mortality than the oils 
suspended in Triton. 

DISCUSSION 
Plant essential oils that are both repellent and toxic may be more effective for control in practice. 
Repellence prevents settlement of arriving aphids and the toxic properties kill the aphids that are 
already present on the crop before application of the oils. Denka B and Denka C were both 
repellent and toxic to M. euphorbiae, but repellence alone was not strong enough to avoid all 
aphids to land on the plant. The windtunnel tests revealed that both Denka C and Denka Blanco 
repelled high numbers of aphids when tested together. The slow-release formulation repelled the 
aphids better than the fast-release formulation, probably because of prolonged release of repellent 
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odours in time by the slow-release formulation. Whether Denka Blanco also repels aphids as 
effectively as Denka C when compared to untreated plants is still unknown and will be tested. 

Denka B, Denka C and PRI(D) were toxic for M. euphorbiae when sprayed on the aphids. 
Tests in greenhouse and field situation will have to show how effective these oils are in a practical 
situation. The effect of these oils on natural enemies, effectiveness of repeated sprayings, 
combination of untreated ‘lure’ plants and sprayed crop plants (push-pull strategy), as well as 
combination of these oils with low amounts of insecticides on aphid control are currently under 
test. 

The preferred settlement of eggplant-reared M. euphorbiae on eggplants sprayed with Denka 
Blanco when compared to potato plants sprayed with Denka Blanco, suggest preference for the 
host plant reared on. In contrast, however, the windtunnel tests showed a preference of eggplant-
reared M. euphorbiae for unsprayed potato. Possibly the control formulation of Denka had 
influence on this preference but more tests are needed to show and explain this effect. 

Lowery et al. (1997) found that virus transmission of the Potato Y virus in sweet pepper is 
inhibited by Neem seed oil. It is unknown whether our formulated essential oils can prevent virus 
transmission. This still has to be tested. 

Several plant essential oils show potential to control M. euphorbiae. Little is however 
understood about whether and how these oils disturb the plant-insect interaction. Despite the many 
unsolved problems related to using plant essential oils to control pest insects, it is expected that 
they will play an important role in future crop protection. 
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