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Abstract

This study represents a preliminary investigation on the toxicity of pure pyrethrins directly used against
Aphidius colemani Viereck (Hymenoptera: Braconidae), parasitoid of various harmful aphids such as
Aphis gossypii Glover, Myzus persicae (Sulzer) (Homoptera: Aphidiidae) and others. As little is known
about the collateral effects of botanical insecticides on 4. colemani, this study set out to investigate the
insecticidal activity of pyrethrins, which were used for the first time against the adults of this parasitoid.
Two commercial products were tested in the experiments: product A (pyrethrins 18.5g/1) and product B
(pyrethrins 0.047g/1 + rapeseed oil 8.25g/1) (5.5ul/ml dose), which are commonly used against pests of
cultivated and ornamental plants. We evaluated the mortality of adult parasitoids at 24h, 48h, 72h and
96h after exposure to the treatment, under laboratory conditions. The results highlighted that both
products showed adulticidal activity as early as 24 hours after exposure to the treatment, differing
significantly from the control.
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Introduction

Botanical insecticides are key components of integrated pest management (IPM) practices,
thanks to their beneficial combination of insecticidal activity and reduced environmental and
health risks [, However, beneficial organisms, such as natural antagonists-including both
predators and parasitoids-pollinators and soil invertebrates, are also affected by these
substances 2. Compounds authorised for organic production that have lethal and sublethal
effects on beneficial insects have been documented in the literature © 41 and many of these
concern parasitoid species 7 in relation to their longevity, survival, fecundity, fertility,
hatching rate and sex ratio !, In particular, extracts from numerous plants '3 have been
studied for their lethal effects on parasitoids, but few studies are carried out on the activity of
pyrethrins on these beneficial species ['* '31. Natural pyrethrins are mainly extracted from
plants of the Asteraceae family, such as Chrysanthemum (Tanacetum) cinerariaefolium. They
remain among the most important botanical biopesticides globally and are frequently used as
safe, low-persistence insecticides in agricultural practices for the control of various pests
domestic, horticultural and agricultural pests ['®], however, also exhibit broad-spectrum activity
against beneficial arthropods, such as parasitoids ['7]. The aim of this work was to provide
preliminary insights into the effects of pyrethrins on Aphidius colemani Viereck
(Hymenoptera: Braconidae), parasitoid of harmful aphids, such as Aphis gossypii Glover,
Myzus persicae (Sulzer) (Homoptera: Aphidiidae) and other, both in open fields and in
commercial greenhouse crop production 8], In particular, we want evaluated the insecticidal
activity of pyrethrins, used for the first time against adults of 4. colemani, by assessing the
mortality of the parasitoid up to 4 days after exposure to the treatment under laboratory
conditions.

Materials and Methods

Products

In the experiments we used two botanical insecticides based on pure pyrethrins extracted from
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pyrethrum (500g/Kg) both commonly used against various
pests: product A (Biopiren Biogard) containing 18.5g/1
pyrethrins, diluted in 150ml water per 1001, and product B
(Solabiol SBM) containing 0.047g/l pyrethrins + 8.25g/1
rapeseed oil. To assess insecticidal activity, the products were
administered by inhalation at a dose of 5.5ul/ml against
parasitoid adults.

Insects

Aphidius colemani were supplied by BIOPLANET SRL
(Cesena, Italy) in AphidiPAK500 packs containing 500 aphid
mummies of mixed ages (adult aphids parasitised by
parasitoid larvae). The pack was placed in a dedicated
emergence chamber (a Plexiglas cage, dimensions
50x30x30cm) to collect the adult wasps as they emerged, and
kept in laboratory (25+5 °C, 50-70% RH, photoperiod 16:8
hours light:dark). The newly emerged adults were transferred
to each test container using a vacuum aspirator.

Bioassays

The experiments were conducted in the laboratory (previously
mentioned conditions) using glass jars (600ml) fitted with a
disc of absorbent paper (Whatman No. 1) sprayed with 1ml of
a solution of the product in distilled water containing 2%
Tween® 20 (Sigma-Aldrich) using a micropipette and
attached to the screw cap of the glass jars, then left to dry
(approximately 1 hour) before introduction to the adults. A
dose of 5.5ul/ml was used for both products. The control was
treated with the same volume of distilled water and Tween®
20 alone. Twenty-four adults (males and females) were
introduced into each glass jar and maintained under the
laboratory conditions mentioned above. The wasps were fed
with honey and water (1:3 v/v solution) of on a cotton wool
pad placed in the top of the jars. Six replicates were
performed for each treatment and control. The effects of the
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treatment were assessed at 24, 48, 72 and 96 hours by
counting the number of dead adults in each glass jar.

Statistical analysis

The percentage mortality of adults was calculated for each
treatment. Two-way analysis of variance (ANOVA) was
performed on the data. Duncan’s Multiple Range Test was
applied to detect significant differences in mortality between
treatments at the 0.05 percent level. All statistical analysis
were performed using the Statistica 7.0 software package for
Windows !, Abbott’s formula % was used to correct the
bioassay data for the control response.

Results

Experiments on the insecticidal effects of pyrethrins against
A. colemani highlighted their adulticidal activity by inhalation
as early as 24 hours after exposure to treatments with both
products, product A (pyrethrins 18.5g/l) and product B
(pyrethrins 0.047g/1 + rapeseed oil 8.25g/1). The mortality rate
increased over the subsequent observation period, ranged
from 36.96% at 24h to 100% at 96h for product A and from
10.53% to 64.91% for product B over the same observation
period. In the control group, mortality was not detected until
48 hours after the start of the test, rising to 8.33% and 25% at
72h and 96h respectively (Fig. 1). Statistical analysis (two-
way ANOVA) revealed significant differences between the
treatments and the control (F=469.7, df=2, p<0.0001).
Significant differences were also found between the
observation time intervals for each treatment (product A and
product B) and the control (F=125.5, df=3, p<0.0001). Post
hoc analysis (Duncan’s Multiple Range Test) showed that no
difference was detected between 72h and 96h for product A
and between 48h and 72h for product B, whilst in the control
group the differences were consistently non-significant,
except between 72h and 96h.
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Fig 1: Mortality (%) of adult Aphidius colemani due to inhalation toxicity following administration of two products (5.5ul/ml dose), A
(pyrethrins 18.6 g/1) and B (pyrethrins 0.047 g/l + rapeseed oil 8.25 g/1), compared to that of the control group (distilled water + 2% Tween).
Same letters above the bars indicate not significant differences (P<0.05) among the observation time intervals

Discussion

Overall, numerous studies have investigated the side effects
of wvarious plant extracts and botanical insecticides on
parasitoid insects. However, the research on the effects of
biopesticides on A. colemani, in particular in relation to
pyrethrins, are limited. This work represents a preliminary

study on the toxicity of pure pyrethrins (extracted from
pyrethrum, 500g/Kg) directly used by inhalation against A.
colemani and tested for the first time on adults of this
parasitoid. The experiments showed that both commercial
formulates, pyrethrins alone (product A) and pyrethrins +
rapeseed oil (product B), caused a certain mortality rate
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depending on the duration of exposure to treatments.
Mortality increased with exposure time from 24 to 96 hours
after treatment, differing significantly from the control group.
The formulation containing only pyrethrins (product A)
compared with the formulation containing pyrethrins and oil
(product B), showed a greater effect on mortality, probably
due to the higher concentration of pyrethrin in product A. In
contrast, the only study on the toxicity of pyrethrins (at
concentration of 0.64g/l) on A. colemani, which assessed the
emergence rate of the parasitoid from aphid mummies (M.
persicae), reported no lethal effects, likely due to some degree
of protection provided by the mummy to the parasitoid ['3].
However, in agreement with our results, effects of pyrethrins
on adult mortality have been observed in other species of
parasitoids as Encarsia sp, Aleurodiphilus sp, (Hymenoptera:
Aphelinidae) U4, Trissolcus japonicus (Ashmead) [1°],
Telenomus podisi (Ashmead) (Hymenoptera: Scelionidae) 211,
Anastatus reduvii (Howard) (Hymenoptera: Eupelmidae),
Chelonus oculator Panzer P2 Aphidius rhopalosiphi De
Stefani Perez (Hymenoptera: Braconidae) *! and Tamarixia
radiata (Waterston) (Hymenoptera: Eulophidae) 4. The
susceptibility of adult 4. colemani to the plant extracts is
reported also in the literature for other botanical insecticides.
For example, the use of an insecticidal soap caused 100%
adult mortality 24h after treatment (concentration 17.5g/1) 2%,
A study on residual toxicity tests, revealed that the highest
concentrations of EO of aromatic plants (Myrtaceae), were
slightly toxic, causing less than 20% mortality observed after
48h of exposure 1%, Other authors 9 reported the toxicity of
aqueous extracts from Melia azedarach seeds and Nerium
oleander leaves on A. colemani females, showing a maximum
mortality rate of 43% and 50%, respectively, 96 hours later.
Considering other biological parameters of A. colemani, a
reduction in the parasitism rate and in the biological
efficiency was observed when the hosts (4. gossypii and
Aphis fabae) were treated with Spinosad and Beta vulgaris
EO 7,

Conclusion

In conclusion, this work has improved our understanding of
the side effects of botanical insecticides -which are commonly
used to control agricultural pests-on non-target organisms.
The pyrethrins, used for the first time against adult A.
colemani showed mortality as early as 24 hours after
treatment, subsequently increasing up to 96 hours. However,
further investigations are necessary to assess the lethal and
sublethal effects of pyrethrins on other biological parameters
of this parasitoid (development, emergence rate, oviposition,
etc.), in order to develop biological control programmes
compatibility with other management practices.
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