
6
5

0

Research Article
Received: 25 February 2009 Revised: 26 November 2009 Accepted: 20 December 2009 Published online in Wiley Interscience: 3 March 2010

(www.interscience.wiley.com) DOI 10.1002/ps.1924
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insecticides on four aphid natural enemy
species
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Abstract

BACKGROUND: The toxicities of pyrethrins + rapeseed oil, pyrethrins + piperonyl butoxide (PBO), potassium salts of fatty acids
and linseed oil were assessed in the laboratory on the parasitic wasp Aphidius rhopalosiphi (Destefani-Perez), the ladybird Adalia
bipunctata (L.), the rove beetle Aleochara bilineata (Gyll.) and the carabid beetle Bembidion lampros (Herbst.). The methods
selected were residual contact toxicity tests on inert and natural substrates.

RESULTS: Both the pyrethrin products led to 100% mortality in the adult parasitic wasps and ladybird larvae on glass plates and
plants. The pyrethrins + PBO formulation was toxic for B. lampros on sand and natural soil, but the pyrethrins + rapeseed oil
formulation was harmless for this species. Insecticidal soaps were harmless for all these beneficial species. None of the tested
products significantly affected the parasitism of the onion fly pupae by A. bilineata.

CONCLUSION: The results indicated the potentially high toxicity of natural pyrethrins for beneficial arthropods. Although this
toxicity needs to be confirmed in field conditions, the toxicity levels obtained in the laboratory were similar to or higher than
those of several synthetic insecticides known to be toxic in the field. Insecticidal soaps could be considered as an alternative for
aphid control in organic farming in terms of selectivity.
c© 2010 Society of Chemical Industry
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1 INTRODUCTION
Aphids are one of the main agricultural pest groups.1 Considerable
research has been done on their natural enemies, and it has been
clearly established that aphid predators and parasites can limit
the incidence of aphids and, in some cases, reduce insecticide
use by varying degrees. Unfortunately, aphid natural enemies are
directly exposed to pesticides, and the use of non-selective prod-
ucts can greatly affect their performance, resulting in rapid aphid
outbreaks.2 – 6 To derive the maximum benefit from the activity of
aphid natural enemies and limit insecticide application, the use of
selective products is recommended in the context of organic farm-
ing and the development of integrated pest management (IPM).

Products containing natural pyrethrins are one of the major
insecticide groups used in organic farming and are widely used
in aphid control.7,8 However, various laboratory studies indicate
that these insecticides are toxic to several species of beneficial
arthropods.8 – 15 Although the effects of these products in the
field are probably limited over time owing to their instability
in sunlight,16 the question arises as to the impact of such toxic
products on beneficial arthropods in organic farming. There is a
paradox between on the one hand trying to maximise the activity
of pests’ natural enemies and on the other hand affecting their
populations by non-selective products. However, this paradox
probably exists because the range of products authorised for
organic farming is relatively limited, and pyrethrins tend to be
used by default in the absence of other compounds that have a
better ecotoxicological profile and good aphicidal activity.

Insecticidal soaps could be an alternative for aphid control in
organic farming. Their insecticidal action has long been known,17,18

and various laboratory and field tests have shown the success
of such products in controlling several species of economically
important aphids,19 – 22 although their effectiveness is sometimes
more limited than that of conventional insecticides. Few data
are available on the selectivity of these soaps on beneficials. In
the laboratory, these products were found to be slightly toxic
following topical application to Harmonia axyridis (Pallas) ladybird
larvae,15 but they had no significant effect on ladybird populations
in peach orchards.22 They also had no effect on Chrysoperla carnea
(Stephens) lacewing larvae in the laboratory or on Episyrphus
balteatus (Degeer) hoverfly larvae.23,24 Initial research suggests
that insecticidal soaps can be less toxic to aphid natural enemies
than pyrethrins, but no clear comparison of the effects of the two
categories of products, with the same methods and on the same
species, is available. Furthermore, there are no data on the toxicity
of these products on several groups of aphid natural enemies,
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Table 1. General information on tested products: commercial name, manufacturer/distributor, active ingredient identity and concentration,
formulation type, tested rate and concentration of spray mixtures

Active ingredient Commercial name (manufacturer/distributor) AI content (g L−1) Formulation type

Linseed oil Stop Insect (Natura CJBC, Nevers, France) Nearly pure EC

Potassium salts of fatty acids ECO-Insect (Ecostyle bvba, Geetbets, Belgium) 460 EC

Pyrethrum + rapeseed oil Pyrethro-Pur Conc. (Ecostyle bvba, Geetbets, Belgium) 4.6 + 852.3 EC

Pyrethrum + piperonyl butoxide Biopyretrex (Edialux-Formulex, Bornem, Belgium) 20 + 255 EC

such as parasitic hymenoptera and polyphagous ground-dwelling
predators.

The aim of this study was to assess and compare the toxicity
of two formulations containing natural pyrethrins (pyrethrins
+ piperonyl butoxide and pyrethrins + rapeseed oil) and two
insecticidal soaps (linseed oil and potassium salts of fatty acids)
used in organic farming on four species of aphid natural enemies,
including species for which there was no or little information.
The species used for the study were: the parasitic wasp Aphidius
rhopalosiphi (Destefani-Perez), a specific cereal aphid parasite;
the ladybird Adalia bipunctata (L.), an aphidophagous ladybird
that is very common in agriculture and arboriculture; and
two polyphagous ground-dwelling predators, the carabid beetle
Bembidion lampros (Herbst) and the rove beetle Aleochara bilineata
(Gyll.), both of which play an important role as aphid predators
in the early stages of aphid infestation.25 – 28 A. rhopalosiphi and
A. bilineata are both indicator species used for ecotoxicological
studies in the context of pesticide registration in Europe.29,30 A.
bipunctata and B. lampros were selected because of their smaller
size and higher sensitivity to pesticides than the indicator species
generally used for ladybird and carabid beetles.31 – 34 The methods
were based on the standard IOBC methods used for pesticide
registration, with residual contact toxicity tests on a treated
substrate. These methods have been used extensively with many
products on the same species in previous research,14,35 enabling
results to be compared on the basis of the same methodology.

2 MATERIALS AND METHODS
2.1 Testing scheme
The insecticides were first tested on an inert substrate: glass plates
for A. bipunctata and A. rhopalosiphi, and pure quartz sand for
the ground-dwelling predators B. lampros and A. bilineata. The
inert surface worked as a worst-case study, and the products that
gave effects (mortality and/or fertility or parasitism rates) higher
than 50% were further tested on plants for A. rhopalosiphi (barley
seedlings) and A.bipunctata (French bean seedlings) and on natural
soil for B. lampros and A. bilineata. A sandy loam agricultural soil
was used (sand 72.7%, loam 18.9%, clay 8.3%, humus 2.8%, CEC
8.2 meq 100 g−1).

2.2 Chemicals
Each product was tested at its maximum recommended field
rate. Pyrethrins + piperonyl butoxide (PBO) formulation was also
tested at 50% of its recommended field rate in order to enable a
comparison to be made with pyrethrin + rapeseed oil, applied at
the field rate, which has the same amount of natural pyrethrins
per hectare. Details on products are given in Table 1.

For the glass plate tests, the spray solutions were applied on the
substrate using a laboratory Burgerjon spray tower,36 calibrated

to deliver an application volume of 200 ± 20 L ha−1, as required
for standard tests on glass plates. Dilutions of the products were
prepared shortly before application on the basis of this volume.
Before being used for the test, the glass plates were left to dry for
1–2 h in ambient conditions.

For the tests performed on sand, soil and plants, the products
were applied outdoors using a knapsack sprayer connected to a
2 m wide ramp with four Teejet flat-fan nozzles (Teejet XR 11 003,
110◦, 50 cm spacing, 3.2 bar, speed 1 m s−1). Nozzle type, pressure
and speed of the sprayer were selected to deliver an application
volume equivalent to 400±40 L ha−1, as required for the standard
test on sand or natural soils. Before releasing the insects, the
treated substrates were brought back into the laboratory and
were left to dry for 1–2 h in ambient conditions.

2.3 Adalia test
2.3.1 Insect origin and rearing
The larvae used for this test were provided by mass rearing in the
laboratory, established in 1996 from adults sampled outside from
ornamental brushes. Each year, after a quarantine period, new
field-collected adults were introduced into the rearing to renew a
part of the genetic stock. The adults were kept in plexiglass cages
and fed with aphids [Acyrthosiphon pisum (Harr.) reared on French
beans and Myzus persicae (Sulzer) reared on sweet pepper] and
collected honeybee pollen. The larvae were reared in plastic petri
dishes and fed with the same aphids until pupation.

2.3.2 Initial toxicity on glass plates
The exposure units were similar to those described in a previous
publication.35 There were 4 × 10 units of one larva per product
and 4 × 10 units for the water-treated control. Larval mortality
was recorded until pupation, and the pupae were kept until adult
emergence in order to determine pre-imaginal mortality. When
the adults emerged, they were transferred to a plexiglass breeding
cage (one per group). Food (living aphids offered on cut French
bean plants, and honeybee pollen) and water were renewed 3
times a week. Crumpled filter paper was added to the cages
to stimulate oviposition. During the second week of egg laying,
five females were randomly selected in each breeding cage and
confined for 24 h in plastic petri dishes with the bottom covered
by a filter paper and with living aphids as food. After 24 h, they
were transferred to a new petri dish with aphids for another 24 h
of egg laying. This operation was repeated 5 times to obtain 5 × 5
females day−1 egg laying for each group. The eggs produced
during each egg-laying period were counted and retained in order
to check larval emergence and assess egg viability. Eggs that
did not hatch after 1 week were considered to be unviable. The
experiments were conducted at 20±2 ◦C and 60–9% RH. The light
was provided by sodium lamp on the basis of a 16 : 8 h light : dark
photoperiod, with 7000–10 000 lux.
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2.3.3 Toxicity on plants
The exposure units were similar to those described in a previous
publication.35 After a pesticide application with the knapsack
sprayer, the pesticide residue was left to dry for 1–2 h at room
temperature, and then two A. bipunctata larvae (2–3 days old)
were released into each unit. There were four replicates of five
plants and ten larvae for the control and for each tested product.
Mortality was checked every 24 h. The exposure should have lasted
for 7 days, after which an assessment of the fertility of the adults, as
for the test on glass plates, was planned, but the test was stopped
after 48 h owing to the high mortality in all treatments except the
control.

2.4 Aleochara test
The methods used were similar to those used for the registration
of pesticides,37 except for some small details. A stock of A. bilineata
adults was provided by a commercial supplier (De Groene Vlieg,
Nieuwe Tonghe, The Netherlands) in the form of parasitised onion
fly pupae. The pupae were left to hatch, and the new rove beetles
that emerged were transferred into plastic cages filled with wet
sand. They were fed 2–3 times a week with frozen mosquito flies
(Discus fish food). The exposure units were similar to those used for
the Bembidion test. Between 1 and 2 h after product application,
20 rove beetles (3–7 days old) were released into each unit. Frozen
mosquito larvae were provided as food. On days 7, 14 and 21, 500
onion fly pupae provided by the same commercial supplier, and
kept at 4–8 ◦C before being used, were carefully introduced into
each unit. Food was replaced at the same time. On day 28, the units
were carefully dismantled and the substrate gently rinsed through
a sieve to separate the sand and onion fly pupae. The fly pupae
were left to dry at ambient temperature and transferred to Berlese
funnels. Rove beetle emergence was assessed over a period of
6–8 weeks, until no beetles had emerged for a week. The test
conditions were similar to those for the tests with Adalia, except
for temperature during beetle emergence (15–25 ◦C) and light.
As the insects are mostly active at night, the light intensity during
exposure was reduced to 1000–2000 lux, and the emergence was
done in the dark, except for counts. There were four replicates of
20 rove beetles per treatment. The parasitism rate was calculated
for each treatment, and the reduction was compared with the
control to assess the effects of each product.

2.5 Aphidius tests
2.5.1 Insect origin and rearing
The insects used for this test were provided by mass rearing in the
laboratory, established in 1994 from aphid mummies collected in
winter wheat fields. The rearing process is described in a previous
publication.38 Each year, after a quarantine period, new field-
collected adults were introduced into the rearing to renew a part
of the genetic stock.

2.5.2 Initial toxicity on glass plates
The initial toxicity of the products was assessed in two stages:
first, an assessment of residual toxicity of pesticide residue applied
to the glass plates; second, an evaluation of the reproduction
performance of females that survived the exposure. The exposure
units were similar to those used for registration tests.39 Between 1
and 2 h after the pesticide application, the units were assembled,
and parasitoid wasps (five males, five females, all 0–48 h old),
slightly anaesthetised with carbon dioxide, were released into
them. Mortality was recorded after 48 h exposure. There were

five units of ten wasps each for each treatment. The surviving
females were individually confined for 24 h on potted barley
seedlings infested with at least 60 Sitobium avenae F. aphids. The
barley seedlings were surrounded by a perspex cage covered with
nylon gauze for ventilation. The aphid mummies that developed
10–12 days later were counted in each unit. For each product, the
fertility performance of 15 females was assessed, if this number had
survived the exposure. If not, all surviving females were assessed
for fertility. Temperature and relative humidity were similar to
that for the A. bipunctata test, except for lighting during 48 h of
exposure. As adult wasps were attracted by light sources, the light
intensity was limited to 1000–2000 lux (diffused light) instead of
7000–10 000 lux so as not to disturb the exposure.

2.5.3 Toxicity on plants
The exposure of adult wasps to the insecticides was made on
eight barley seedlings (8–10 cm high, with 2–3 leaves) cultured
in plastic pots. These plants were surrounded by a perspex cage
with the top and two lateral cutaways covered with nylon netting
for ventilation. Between 2 and 3 days before product application,
about 60 aphids were released into each unit to produce honeydew
to attract the wasps onto the treated plants and feed them. The
perspex cages were removed just before applying the pesticide
with the knapsack sprayer. When the pesticide residues were dry,
ten adult wasps (five males, five females), slightly anaesthetised
with carbon dioxide, were released into each unit, and the plants
were then surrounded by the perspex cages. The units were
dismantled and mortality was recorded 48 h after treatment. The
surviving females were assessed for fertility in the same way as
for the glass plate test. There were six replicates of ten wasps for
the control and each product. Fertility was assessed on 15 females
per treatment, if this number had survived the exposure. Test
conditions were similar to those for the A. bipunctata test.

2.6 Bembidion test
2.6.1 Insect origin and rearing
A stock of B. lampros adults were caught in July–August in cereal
field margins using pitfall traps and a small aspirator. They were
kept in large units on natural soils for 2–8 weeks at 20±2 ◦C before
being used for the tests. They were fed to excess with Ephestia
kuehniella (Keller) eggs (Nutrimac), aphids and onion fly pupae.

2.6.2 Initial toxicity on sand
A bioassay toxicity test with B. lampros was based on methods
developed to test the toxicity of products on the carabid beetle,
Poecilus cupreus L., in registration studies in Europe.40 The exposure
unit consisted of a plastic box (17 × 12 × 6 cm) filled with 500 g
of sand. Three days before the test product was applied, 90 mL of
water was added to each unit to attain a water-holding capacity of
about 70% in the sand, and six beetles from the laboratory stock
were introduced into each unit, along with Ephestia eggs as food.
There were five replicates of six beetles for each treatment. After
product application, the mortality was checked on days 1, 2, 4,
7, 11 and 14. Final mortality was recorded on day 14. Food was
renewed at each mortality assessment. The test conditions were
similar to those for the first part of the A. bilineata test.

2.6.3 Toxicity on sandy soil
For products where the effect was >50% on sand, the same
experiments were repeated using the sandy loam soil instead of
pure sand. The amount of water added to the units was adapted
to reach about 70% of the water-holding capacity.
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Table 2. Toxicity of insecticides to larvae of the ladybird Adalia bipunctata on glass plates and on plants in the laboratory. Larval and pre-imaginal
mortality and fertility of adult females obtained from larvae exposed to the productsa

Tested rate
(AI ha−1)

Larval mortality
(± SD) (%)

Pre-imaginal mortality
(± SD) (%)

Eggs female−1

(± SD)
Viable eggs female−1

(± SD)

Test on glass plates

Control 12.5(±8.3) a 20.0(±7.1) a 19.9(±4.5) a 14.6 (±2.9) a

Linseed oil 12.0 L 15.0(±11.2) a 17.5(±8.3) a 25.4(±3.9) a 15.4 (±3.8) a

Potassium salts of fatty acids 4.0 L 40.0(±10.0) b 42.5(±8.3) b 20.3(±3.1) a 17.1 (±2.4) a

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 100.0(±0.0) c 100.0(±0.0) c – –

Pyrethrin + piperonyl butoxide 10 g + 128 g 100.0(±0.0) c 100.0(±0.0) c – –

Pyrethrin + piperonyl butoxide 20 g + 256 g 100.0(±0.0) c 100.0(±0.0) c – –

H5 = 21.81, P = 0.001 H5 = 21.81, P = 0.001 F2,14 = 2.31, P = 0.162 F2,14 = 0.60, P = 0.573

Test on plants

Control 7.5(±8.3) a 10.0(±7.1) a Not assessed Not assessed

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 100.0(±0.0) b 100.0(±0.0) b – –

Pyrethrin + piperonyl butoxide 10 g + 128 g 100.0(±0.0) b 100.0(±0.0) b – –

Pyrethrin + piperonyl butoxide 20 g + 255 g 100.0(±0.0) b 100.0(±0.0) b – –

H3 = 14.66, P = 0.002 H3 = 14.66, P = 0.002

a Means followed by the same letter are not significantly different; Kruskal–Wallis at P = 0.05 for percentage data; LSD at P = 0.05 for other data.

Table 3. Toxicity of insecticides to the rove beetle Aleochara bilineata on sand in the laboratory. Mean number of progeny (parasitised onion fly
pupae/unit) and reduction in parasitism rate compared with the controla

Tested rate (AI ha−1) Progeny (± SD) Reduction in parasitism (%)

Control 326.3(±26.2) ab

Linseed oil 12.0 L 306.0(±24.5) ab 6.2

Potassium salts of fatty acids 4.0 L 358.0(±37.1) a −9.7

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 352.0(±32.7) a −7.9

Pyrethrin + piperonyl butoxide 10 g + 128 g 344.3(±28.8) a −5.5

Pyrethrin + piperonyl butoxide 20 g + 255 g 252.0(±27.8) b 22.8

F5,23 = 5.00, P = 0.007

a Means followed by the same letter are not significantly different; LSD, P = 0.05.

2.7 Experimental design and statistical analysis
All the replicates of the same experiment were conducted at the
same time and with the same set of test organisms. The replicates
were randomly distributed in the climatic chamber. The results
of the tests were analysed using Statistical Minitab software.
For mortality percentages, non-parametric Kruskal–Wallis tests
(P = 0.05) were used, because percentages did not follow a
normal distribution, even after arcsine transformation. For the
other set of data, a one-way ANOVA test (LSD) for variance
analysis was performed, followed by Tukey tests for multiple
comparisons between treatments (P = 0.05). For the ANOVA, the
homogeneity of variance was previously checked using Bartlett
tests (P = 0.05).

3 RESULTS
The results of the tests performed with A. bipunctata larvae are
given in Table 2. On glass plates, linseed oil was the only test
insecticide that did not differ significantly from the control. The
potassium salts of fatty acids formulation was slightly more toxic
than the control, with 40% larval mortality (P = 0.019), but less
toxic than the three natural pyrethrin treatments (P = 0.013)
which all led to 100% mortality. This high mortality was obtained

after less than 2 days of exposure, indicating the drastic action
of natural pyrethrins on A. bipunctata larvae on glass plates.
Potassium salts and linseed oil did not significantly reduce the egg
production of the ladybird females obtained from larvae that had
survived the exposure, or their viability. On plants, 100% mortality
was obtained with all natural-based pyrethrin products after only
2 days of exposure, and the test was then stopped. High mortality
was also observed after 24 h, with several larvae still alive but
greatly affected by the products.

The results with A. bilineata on sand are given in Table 3.
There were significant differences between the treatments, but no
product significantly reduced the onion fly pupae parasitism rate
by rove beetles compared with the control. The only significant
difference was observed between pyrethrins + PBO formulation at
2.0 L ha−1, which had the lowest parasitism rate, and potassium salt
of fatty acids, linseed oil and pyrethrins + PBO formulation at 1.0 L
ha−1, which had parasitism rates that were slightly higher than
the control, indicating that the differences between pyrethrins +
PBO formulation at 2.0 L ha−1 and the control were small enough
to be significant if the parasitism rate in the control was just a little
higher or the variability of the data was just a little lower.

The results of the A. rhopalosiphi toxicity test are given in
Table 4. On glass plates, the test products significantly affected
adult wasp survival. Control mortality reached 2.0% and was lower
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Table 4. Toxicity of insecticide to adults of Aphidius rhopalosiphi on glass plates and on plants. Mortality (48 h exposure) and number of aphid
mummies produced by female wasps surviving the exposurea

Tested rate (AI ha−1) Mortality (± SD) (%) Aphid mummies female−1 (± SD)

Test on glass plates

Control 2.0 (±4.0) a 31.1(±13.4) a

Linseed oil 12.0 L 36.0(±15.0) b 28.5(±12.3) a

Potassium salts of fatty acids 4.0 L 22.0(±7.5) b 31.7(±14.8) a

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 100.0(±0.0) c –

Pyrethrin + piperonyl butoxide 10 g + 128 g 100.0(±0.0) c –

Pyrethrin + piperonyl butoxide 20 g + 255 g 100.0(±0.0) c –

H5 = 27.85, P < 0.001 F2,44 = 0.18, P = 0.836

Test on plants

Control 8.3 (±10.7) a 43.1(±23.4)

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 100.0(±0.0) b

Pyrethrin + piperonyl butoxide 10 g + 128 g 100.0(±0.0) b

Pyrethrin + piperonyl butoxide 20 g + 255 g 100.0(±0.0) b –

H5 = 22.48, P < 0.001

a Means followed by the same letter are not significantly different; Kruskal–Wallis at P = 0.05 for percentage data; LSD at P = 0.05 for other data.

Table 5. Toxicity of insecticides to the ground beetle Bembidion lampros on sand and on soil in the laboratory; observed mortality after 14 days of
exposurea

Mortality (± SD) (%)

Tested rate (AI ha−1) Sand Natural soil

Control 0.0 a 0.0

Linseed oil 12.0 L 0.0 a

Potassium salts 4.0 L 0.0 a

Pyrethrin + rapeseed oil 18.4 g + 3.4 L 3.3 (±6.7) a

Pyrethrin + piperonyl butoxide 10 g + 128 g 40.0 (±17.0) b

Pyrethrin + piperonyl butoxide 20 g + 255 g 86.7 (±19.4) c 100.0 (±0.0)

H5 = 26.89, P < 0.001

a Means followed by the same letter are not significantly different; Kruskal–Wallis at P = 0.05.

than the other test products, with 22% for potassium salts of fatty
acids (P = 0.009), 36% for linseed oil (P = 0.009) and 100% for
the three treatments based on natural pyrethrins (P = 0.004).
Linseed oil and potassium salts did not differ from each other,
but were statistically different from the three pyrethrin treatments
(P = 0.005). The test products that enabled an assessment to be
made of fertility performance did not significantly reduce aphid
mummy production. With the pyrethrin treatments, no females
survived and fertility assessment was possible. When the three
natural pyrethrins were tested on plants, observed mortality still
reached 100% and was statistically different from the control
(P = 0.013).

The results of the toxicity test with B. lampros are given in
Table 5. The mortalities obtained with pyrethrins + PBO at 1.0 L
ha−1 (40.0%) and 2.0 L ha−1 (86.7%) were significantly higher than
the control (P = 0.005 at 1.0 and 2.0 L ha−1). There was higher
mortality at 2.0 L ha−1 than at 1.0 L ha−1 with pyrethrins + PBO
(P = 0.019). On natural soil, pyrethrins + PBO applied at the
maximum recommended field rate led to 100% mortality, but no
mortality was recorded for the control. As all the replicates reached
0% mortality in the control and 100% with pyrethrins + PBO, there
was no variance and statistical analysis was not possible.

4 DISCUSSION
The results of this study indicated that, in general, the two
formulations containing natural pyrethrins were very toxic in the
laboratory, with mortalities of more than 50% for three of the four
beneficial species. The most frequently observed effect was direct
mortality after contact of the test organism with surfaces, glass
plates, plants, sand or soil treated with the insecticide. No sublethal
effects on reproduction were observed when this parameter was
assessed. The rove beetle, A. bilineata, was the only insect that was
unaffected by the pyrethrins, with no reduction significantly below
the control. As rove beetles are burrower insects, they probably
have limited contact with surface insecticides. B. lampros was
affected by the pyrethrin + PBO formulation, with 86.7 and 100%
mortality at the recommended field rate on an inert substrate
and on soil respectively, and 40% on an inert substrate at the
same field rate of pyrethrin as that for the pyrethrin + rapeseed
oil formulation. At the same time, this latter formulation had no
effects on the beetles, indicating a possible synergistic role of
PBO on carabid beetles. Apart from this result, no conclusion
could be drawn about the possible difference in toxicity between
the two formulations, because toxicity levels were either very
low (Aleochara) or 100% (Aphidius, Adalia) for both products. A
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multirate approach, independent of the recommended field rate,
should be adopted in order to work with concentration ranges
that can produce differentiated results.

The toxicity of the two formulations containing pyrethrins on
A. rhopalosiphi and A. bipunctata was very marked, with 100%
mortality on an inert substrate and on plants. In the case of
A. bipunctata, mortality occurred after only 24–48 h expo-
sure. These results confirm the very high toxicity of pyrethrins
reported in other species of parasitic hymenoptera and
ladybirds.8,9,12,14,15,41 – 47 The impact of these products on parasitic
hymenoptera and ladybirds remains to be confirmed in the field.

The insecticidal soaps were noticeably less toxic to the
beneficials tested than the pyrethrin-based formulations. The
highest mortality rates occurred on glass, with 35% mortality
for A. rhopalosiphi adults with linseed oil and 28% pre-imaginal
mortality for A. bipunctata larvae with potassium salts of fatty
acids, where mortalities were corrected according to Abbott.48

The two insecticidal soaps had no significant effect on the two
ground-dwelling predators, B. lampros and A. bilineata. Compared
with products containing natural pyrethrins, both insecticidal
soap formulations have a positive ecotoxicological profile in the
laboratory, and, even if some effects differed significantly from
the control, no adverse effects are expected in the field. However,
some authors indicate that these products do not always provide
a level of control that compares favourably with conventional
insecticides, or are not sufficiently effective against some aphid
species.21,22,49 They are not, therefore, a completely satisfactory
alternative to natural pyrethrins in organic farming, and other
solutions will need to be found, at least for certain situations.

When the results of this study were compared with those
from previous studies conducted using the same methods and
on the same species and strains of test organisms, the high
toxicity of the formulations containing natural pyrethrins raised
some questions, at least with regard to parasitic hymenoptera and
ladybirds. In the case of A. rhopalosiphi, the toxicity levels observed
were equivalent to those for insecticides considered to be non-
selective, such as dimethoate and methiocarb (100% mortality on
plants for both products, at 250 g and 750 g AI ha−1 respectively),
and were noticeably higher than several synthetic insecticides that
are effective against aphids, such as pirimicarb (12% of corrected
mortality on plants at 200 g AI ha−1) and pymetrozine (4% of
corrected mortality on glass plates at 150 g AI ha−1).14,29 Several
formulations containing synthetic pyrethrins were even less toxic
to the parasite than natural pyrethrins, such as lambda-cyhalothrin
(1% of corrected mortality at 10 g AI ha−1 on plants) and alpha-
cypermethrin (38% of corrected mortality at 12.5 g AI ha−1 on
plants).14,35 For A. bipunctata larvae, pirimicarb and pymetrozine
were far less toxic than natural pyrethrins on glass plates, with 21
and 0% mortality respectively, after 2 days of exposure, at the same
rates as for Aphidius.14,35 The higher toxicity could be explained by
the presence of a synergist such as PBO or a coformulant such as
rapeseed oil, which does not occur in the formulations containing
synthetic pyrethrins. Another explanation might be the higher rate
of pyrethrins tested, with at least 20 g of natural pyrethrins in the
mixture per hectare, compared with the lower rates of synthetic
pyrethrins per hectare generally applied. It must also be noted
that the synthetic products were not tested at the same time as
organic farming insecticides, and that small differences due to the
variability of the data and/or reproducibility of the experiments
could have occurred but were probably insignificant.

In conclusion, the results of this study show that natural
pyrethrins could potentially be highly toxic to various species

of beneficial insects, whereas insecticidal soaps had no major
effects. The toxicity of natural pyrethrin formulations needs to be
confirmed in field conditions, but it was similar in the laboratory to
that obtained with the synthetic products considered to be non-
selective, and in some cases higher than synthetic pyrethrinoids
and aphicides considered to be selective for beneficials, such as
pirimicarb and pymetrozine. The difference in toxicity between
natural pyrethrin formulations and synthetic insecticides will
perhaps lie in the duration of harmful activity of natural pyrethrin
extracts in the field, which can be relatively short8,9,50 Insecticidal
soaps emerge as a possible alternative to pyrethrins, at least in
terms of selectivity, but there are some limitations with regard to
their limited effectiveness on some aphid species.21,22,49 Several
synthetic insecticides that are more effective than insecticidal
soaps and far more selective than pyrethrins could be a possible
alternative if they were to be allowed in organic farming.
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