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Abstract: The parasitoid wasp Aphelinus mali Haldeman,
1851 (Hymenoptera: Aphelinidae) is the most important bio-
logical control agent against the woolly apple aphid, Eriosoma
lanigerum (Hausemann, 1802) (Hemiptera: Aphididae), which
is an important apple orchards pest throughout the world. Based
on the importance of using low-risk compounds to protect ben-
eficial agents, the present study was carried out to evaluate the
toxic and repellent effects of two conventional chemicals (imi-
dacloprid and thiacloprid) and coconut-derived biopesticide
soap (Palizin®) toward A. mali. The results of residual bioassays
on apple leaf discs indicated that imidacloprid after 24 h and in-
secticide soap after 72 h exposure time categorized at the high-
est and no/little toxicity rates, respectively. Ingestion bioassays
on filter papers revealed that imidacloprid and thiacloprid had
moderate toxicity rate, while insecticide soap had a low-level
toxicity rate. Repellency test at Y-tube olfactometer showed that
the repellent effects of both chemicals were more than that of
insecticide soap. It is concluded that coconut-derived soap was
compatible with the parasitoid activity, and the caution should
be paid when including the two neonicotinoid insecticides imi-
dacloprid and thiacloprid for E. lanigerum management.
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Primerjava strupenosti in odvracalnega delovanja dveh
konvencionalnih neonikotinoidov in insekticidnega mila iz
kokosa na krvavkinega najezdnika (Aphelinus mali Halde-
man, 1851)

Izvlecek: Parazitoidna osica krvavkin najezdnik (Aphe-
linus mali Haldeman, 1851, Hymenoptera: Aphelinidae) je
najpomembnej$i naravni sovraznik krvave usi (Eriosoma
lanigerum [Hausemann, 1802], Hemiptera: Aphididae), ki je
pomemben $kodljivec jablan $irom po svetu. Zaradi vse ve-
¢jega pomena okoljsko sprejemljivej$ih snovi pri zatiranju
rastlinskih $kodljivcev, saj na ta nadin varujemo tudi koristne
7uzelke, smo v raziskavi ovrednotili toksi¢ne in repelentne
ucinke dveh konvencionalnih kemi¢nih sredstev za varstvo
rastlin (imidakloprid in tiakloprid) in bioinsekticidnega mila
(Palizin®) iz kokosa na vrsto A. mali. Rezultati poskusa na di-
skastih izseckih jabol¢nih listov so pokazali, da sta imela imi-
dakloprid 24 h po nanosu in insekticidno milo 72 h po nano-
su najvedji u¢inek na usi in ni¢ ali le malo strupenega ucinka
na parazitoida. Prehranjevalni poskus na filtrirnem papirju
je pokazal, da sta imela imidakloprid in tiakloprid zmeren
toksi¢ni ucinek, medtem, ko je imelo insekticidno milo zelo
majhnega. Preizkusi odvracalnega delovanja snovi v Y-ceva-
stem olfaktometru so pokazali, da so bili odvracalni udinki
obeh kemikalij ve¢ji kot pri insekticidnem milu. Zaklju¢imo
lahko, da je kokosovo milo kompatibilno s parazitoidom, ve¢
pozornosti pa je potrebno nameniti, kadar za zatiranje krvave
usi uporabimo oba neonikotinoidna insekticida, imidaklo-
prid in tiakloprid.

Kljuc¢ne besede: Eriosoma lanigerum; Aphelinus mali; in-
sekticidi; toksi¢nost; repelenca
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1 INTRODUCTION

The woolly apple aphid (Eriosoma lanigerum
(Hausemann, 1802), Homoptera: Aphididae) is impor-
tant pest in apple orchards. It can causes significant
damages to the apple trees by sucking the sap from
new shoots and branches (Rogers et al., 2011; Lordan
et al,, 2015). Its feeding activity leads to the formation
of galls on woody tissue and young shoots. Buds can be
destroyed and apple calyces may also be contaminated
with the aphid honeydew and sooty molds (Beers et al.,
2007). The woolly aphid parasitoid [Aphelinus mali Hal-
deman, 1851, (Hymenoptera: Aphelinidae)], is a specific
and very eflicient endoparasitoid of E. lanigerum that
had been introduced from North America to other ap-
ple-growing regions of the world, such as in Iran (Heu-
nis & Pringle, 2003, Su et al., 2017).

Although the application of synthetic insecticides
is the conventional method for the management of E.
lanigerum, such strategy can have various negative side
effects, such as impact on non-target organisms, pest
resistance and threats to human health (Desneux et al.,
2007; Damalas & Eleftherohorinos, 2011). For example,
organic phosphorus insecticides, which are widely ap-
plied to reduce populations of E. lanigerum, cause se-
vere damage in its parasitoid wasp populations (Beers
et al., 2007). Recent researches have shown that the
chemical agents have lethal and sublethal effects on
the hymenopterous parasitoids. For example, Desneux
et al. (2004) indicated that lambda-cyhalothrin had a
high toxicity on Aphidius ervi Haliday, 1834 (Aphidii-
nae). Further, low doses of this chemical weakened the
orientation behavior of A. ervi. Toxic effects of the del-
tamethrin and its negative effects on recolonization ca-
pacities of A. ervi was also documented (Desneux et al.,
2006). The adults of egg parasitoid wasp Trichogramma
chilonis Ishii, 1941 (Trichogrammatidae) were very sus-
ceptible to chlorfenapyr, fipronil, spinosad, avermectins,
3-cypermethrin, and cartap (Wang et al., 2012). In other
study, acute toxicity of mineral oil and pyriproxyfen (a
juvenile hormone mimic) was tested against the parasi-
toid wasp Aphytis melinus DeBach, 1959 (Aphelinidae).
Mineral oil had high mortality on the adults of A. me-
linus, but pyriproxyfen had neither lethal nor sublethal
effects. However, parasitoid larvae were very suscepti-
ble to pyriproxyfen (Biondi et al., 2015).

Accordingly, the application of suitable chemical
control tools that can reduce the side effects of pesti-
cides and prevent damage to a pest’s natural enemies is
necessary. The aim of the present study was, therefore,
to assess the non-target toxicity of two conventional
neonicotinoids imidacloprid and thiacloprid and a
novel coconut-derived bioinsecticide soap (Palizin) on
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the parasitoid wasp A. mali adults in the experimental
conditions.

2 MATERIALS AND METHODS
2.1 TEST INSECT

All bioassays were conducted using a partheno-
genetic (all females) strain of A. mali. Apple branches
(Red Delicious’) infested with E. lanigerum were col-
lected from apple orchards at Miami County (Semnan
province, Iran) (36°N 55°E), in June 2016, and placed
in one-liter flasks until emergence of the parasitoid
wasps. Prior to the experiment, the A. mali colony was
reared for 3 to 4 generations in an incubator at 27 +
1 °C, 55 £ 5 % Relative Humidity (RH) and 14 L: 10 D
photoperiod, using apple leaves infested with E. lani-
gerum. Adult parasitoids were kept in glass tubes and
fed on 10 % honey-water solution smeared inside the
test tubes’ wall.

2.2 INSECTICIDES

Three commercial formulations of insecticides were
used in the present study: imidacloprid concentrate sus-
pension (Confidor’), provided as a commercial product
by Paksame Iranian Company with 35 % active ingre-
dient, thiacloprid (Calypso’) concentrate suspension,
provided as a commercial product formulized by Bayer
Company with 48 % active ingredient, and the coconut
soap (Palizin’) as concentrate suspension was purchased
from Iranian Kimia Sabzavar Company with 65 % active
ingredient. For bioassays, maximum recommended con-
centrations were used: 0.5, 0.2 and 1.5 ml I"" insecticide/
distilled water imidacloprid, thiacloprid and the insecti-
cide soap, respectively.

2.3. RESIDUAL CONTACT BIOASSAY ON APPLE
LEAVES

Fresh apple leaves (Malus pumila Miller) were
sampled from apple orchards, which had no history of
chemical control in the past three years. Fresh apple
leaves were sprayed by recommended concentrations of
insecticides until runoff by using a hand sprayer (Wil-
liams et al., 2003). The leaves were put into a chemical
hood for an hour and then transferred to Petri dish-
es, 9 cm of diameter. Twenty-five, one-day-old female
parasitoids were placed in each Petri dish, and then the
dishes were kept at room conditions at 27 + 1 °C and 55
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£ 5 RH. In the untreated control groups, distilled water was
used instead of insecticide concentrations. Each experi-
ment was repeated four times and mortality was recorded
24, 48 and 72 h after the exposure beginning.

2.4 INGESTION BIOASSAY ON FILTER PAPER

To improve the feeding of the parasitoid adults and to
mimic the field situation where they custom external nu-
trients, the same mentioned concentrations were prepared
by adding 10 % of sugar. The filter papers (5 cm of diam-
eter) was soaked in one ml of the solutions and were placed
in the center of the 9cm Petri dishes (Rogers et al., 2011).
Twenty-five parasitoid adults were transferred to each Petri
dish under the laboratory conditions as described above.
In the control groups, distilled water with 10 % sugar was
also used instead of insecticides. The experiment was re-
peated 4 times and mortality rates was recorded 72 h post
exposure.

2.5 REPELLENT EFFECT

The Y-tube olfactometer was assembled by 3 linked
glass tubes (each 10 cm long and lcm in diameter). The
flow of air was established by an adjustable fan. To evalu-
ate the repellency of the insecticides, infested apple leaves
with 15 adult females of aphids were sprayed at the recom-
mended concentrations and allowed to dry for one hour
under test conditions. The insecticide-treated leaves were
inserted in one of the openings of the Y-tube olfactometer
and the other opening was considered as a control. The
control groups consisted of leaves treated only with dis-
tilled water. Thirty adult parasitoids were released inside a
one-liter glass container covered by a black cloth for stimu-
lating the wasps to move from darkness to light, thus al-
lowing the selection of one of the arms of the device. Num-
ber of insects were recorded on each side of the tube every
3 h for 18-hour duration. Y-tube olfactometer was kept in
experimental conditions with 27 + 1 °C and 55 + 5 RH and
tests were repeated 3 times (Sadeghi et al,, 2014).

2.6 DATA ANALYSIS

Data of parasitoid mortality in the bioassays were cor-
rected using Abbott’s formula (Abbott, 1925) when mortal-
ity was observed in the control groups. Data analysis was
carried out by SPSS software (Version 24). Data obtained
after 24, 48 and 72 h of residual exposure and those from
the ingestion bioassay were checked for normality using the
Kolmogorov-Smirnov test. All data were normally distrib-
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uted and thus the one-way analysis of variance (ANOVA)
was run for each dataset. Mean separation was assessed us-
ing the Tukey’s post hoc test at p < 0.05. Insecticide toxicity
was rated according to IOBC toxicity categories (Sterk et
al.,, 1999): (1) harmless, (2) slightly harmful, (3) moderately
harmful, and (4) harmful (corresponding to reductions be-
low 30 %, between 31-79 %, between 80-99 % and higher
than 99 %, respectively). Percentage repellency (PR) was
calculated as follows: PR = [(C - T) / (C + T)] x 100, where
C = number of wasps on the treated area with distilled
water, and T = number of wasps on the area treated with
insecticide (Nerio et al., 2009). Classification of PR values
was done according to Juliana and Su (1983): class 0 (PR =
0.1 %), class I (PR = 0.1-20 %), class II (PR = 20.1-40 %),
class IIT (PR = 40.1-60 %), class IV (PR = 60.1-80 %) and
class V (PR = 80.1-100 %).

3  RESULTS
3.1 RESIDUAL CONTACT BIOASSAY

In the residual contact bioassay on apple, although all
the insecticides caused significant mortality (F = 75.044,
df = 2, 11, p < 0.001) after 24 h, imidacloprid caused the
highest rate of parasitoid mortality (78.850 + 4.703%);
while insecticide soap caused the lowest mortality (28.351
+ 2.413%) at this duration. Mortality was also statistically
significant after 48 (F = 274.485, df = 2, 11, p < 0.001) and
72 (F=209.515,df =2, 11, p < 0.001) h. In general, the mor-
tality rates decreased as time pass due to reduction in re-
sidual concentrations. For example, mortality significantly
decreased from 32.609 + 2.413 % at the 24 hour exposure
time to 16.304 + 2.030 % after 72 h for thiacloprid (Figure
1 and Table 1). Observed mean mortality in the control
groups were 5.00 + 0.25 % after 24, 48 and 72 h. Toxicity
ratings for insecticidal activity of imidacloprid, thiacloprid
and insecticide soap in bioassays with apple leaves are also
shown in Table 1. According to toxicity rating of IOBC,
imidacloprid had moderately harmful effect after 24-hour
and insecticide soap had lowest toxicity (harmless) after 72
hour exposure period (Table 1).

3.2 INGESTION BIOASSAY

All tested insecticides had significant effects on the
parasitoid mortality (F = 174.915, df = 2, 11, p < 0.001) in
the ingestion bioassays. After 72 h of exposure, imidaclo-
prid caused the highest rate of parasitoid mortality (69.042
* 1.011 %) and insecticide soap showed the lowest rate of
mortality (29.875 + 1.628%). However, insignificant dif-
ferences were found between imidacloprid and thiaclo-
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Figure 1: Mean percentage mortality (+ SE) of Aphelinus mali females after exposure to dry residues of imidacloprid, thiaclo-
prid and a coconut-derived insecticide soap on apple leaves. Mortalities (%) compared with Tukey’s test at p < 0.05 in which

same letters are not significantly different.

Table 1: International Organization for Biological Control (IOBC) toxicity classes for Aphelinus mali females exposed to dry
residues in apple leaves or that have fed on sugary solutions contaminated with imidacloprid, thiacloprid and insecticide soap

Bioassay Insecticide Exposure Time (h) Toxicity Rating
Residual Contact imidacloprid 24 moderately harmful
48 slightly harmful
72 slightly harmful
thiacloprid 24 slightly harmful
48 harmless
72 harmless
insecticide soap 24 harmless
48 harmless
72 harmless
Ingestion imidacloprid 72 slightly harmful
thiacloprid 72 slightly harmless
insecticide soap 72 harmless

Classification of PR values followed that cited in Juliana and Su (1983): Harmless, slightly harmful, moderately harmful, and harmful corre-
sponding to mortality below 30 %, between 31 and 79 %, between 80 and 99 % and higher than 99 %, respectively.

prid (Table land Figure 2). Observed mean mortality in
the control groups was 3.0 % after 72 h. Rating of insec-
ticide toxicity indicated that imidacloprid and thiacloprid
were slightly harmful while insecticide soap was harmless
against A. mali (Table 1). In general, coconut-derived in-
secticide soap had lower toxicity against A. mali than the
chemical insecticides: imidacloprid and thiacloprid in both
bioassays with apple leaves and filter papers.

3.3 REPELLENT EFFECT

The repellent activity of the two neonicotinoids was
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more evident than that of the insecticide soap. Classifica-
tion of the percentage of repellency (PR) values according
to Juliana and Su (1983), indicated that insecticide soap
ranked as class I (PR = 0.1-20 %) within an exposure time
of 3 to 18 h. In contrast, the PR values of imidacloprid were
classified as class III for all observation times and these val-
ues were in classes II and III with thiacloprid (Table 2).

4 DISCUSSION

Imidacloprid and thiacloprid as conventional neoni-
cotinoid insecticides are effective against aphids and other
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Figure 2: Mean percentage mortality (+ SE) of Aphelinus mali exposed to imidacloprid, thiacloprid and a coconut-derived in-
secticide soap after feeding on contaminated sugary water in filter papers within 72 h. Mortalities (%) compared with Tukey’s

test at p <0.05 in which same letters are not significantly different

Table 2: Percentage of repellency (PR) of imidacloprid, thiacloprid and coconut-derived insecticide soap against Aphelinus
mali at different exposure times at the Y-tube olfactometer using sprayed apple leaves as volatile sources

Time (h)
Insecticide 3 6 9 12 15 18
Imidacloprid 49.340 (11I) 48.564 (1IT) 52.625 (III) 47.965 (11T) 36.833 (I1I) 53.118 (IIT)
Thiacloprid 43.593 (III) 33.359 (II) 38.121 (IT) 35.034 (IT) 40.551 (IIT) 38.039 (II)
Insecticide soap 14.268 (1) 10.69 (I) 15.992 (I) 17.417 (1) 14.276 (1) 16.685 (I)

Classification of PR values followed that cited in Juliana and Su (1983): class 0 (PR = 0.1 %), class I (PR = 0.1-20 %), class II (PR = 20.1-40 %),
class III (PR = 40.1-60 %), class IV (PR = 60.1-80 %) and class V (PR = 80.1-100 %).

sap-sucking insects. However, insect natural enemies and
pollinators such as honeybees, Apis mellifera L., are the
later reported to be affected by the exposure to imidaclo-
prid and thiacloprid (Schmuck et al., 2001; Blacquiere et
al.,, 2012; Fischer et al., 2014). Toxicity of imidacloprid and
thiacloprid to eggs, N1 and N5 nymphs and adults of the
predatory bug, Deraeocoris lutescens (Schilling, 1837) (He-
miptera: Miridae), via residual contact was investigated
and results showed that all stages were susceptible to these
chemicals (Azimizadeh et al,, 2012). Sublethal concentra-
tions of imidacloprid reduced the longevity and the fecun-
dity of females of the seven-spot ladybird beetle Coccinella
septempuntacta L. (Coleoptera: Coccinellidae). Moreover,
similar effects were noticed on the F1 generation, ie., the
progeny of the exposed individuals (Xiao et al,, 2016). In
the study of Martinou et al. (2014), the direct, residual and
oral toxicity of thiacloprid were evaluated against Mac-
rolophus pygmaeus (Rambur, 1839) (Hemiptera: Miridae)
as a common generalist predator in Mediterranean agro-
ecosystems. Along with lethal effects, thiacloprid caused
an increase in resting and preening times of the predator.
Based on the significant acute toxicity of imidacloprid and
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thiacloprid against A. mali, results of the mentioned stud-
ies are consistent with the results of the present work. Ac-
cordingly, the use of these chemicals cannot be compatible
with the activity of this parasitoid and thus they should
be used properly taking into consideration its effects on
non-target organisms for successful integrated pest man-
agement (IPM) strategies. However, they clearly had less
toxicity than some organophosphate insecticides
such as chlorpyrifos, diazinon and carbaryl, which
have been categorized as “highly toxic” compounds
by Bradley et al. (1997). Further, Rogers et al. (2011)
reported that thiacloprid had no or low-level toxicity
on A. mali in the contact toxicity with filter papers,
while in the present study it showed low and moder-
ate levels of toxicity in the bioassays with apple leaves
and filter papers, respectively. Different experimen-
tal conditions and materials might contribute to the
variations in results. For example, contact toxicity in
the study of Rogers et al. (2011) was carried out by
filter paper but in the present study leaf discs were
used. Furthermore, according to results of the present
work, thiacloprid showed less toxicity in bioassays
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with leaf discs than that with filter papers. It is worthy
to mention that leaf spray pesticide application would
provide more realistic orchard conditions, resulting in
lower toxicity against A. mali.

The insecticide soap (Palizin®), the coconut-de-
rived pesticide, showed great potential in the manage-
ment of insect pests and its toxicity and repellency
against some insect pests have been recently acknowl-
edged (Amiri-Esheli, 2009; Sadeghi et al., 2014; Sheiba-
ni & Hassani, 2014). The side effects of the Palizin" have
not yet been reported before. Comparison of the Pali-
zin® and imidacloprid toxicity was made against cot-
ton aphid (Aphis gossypii Glover, 1877) and its natural
enemy (Aphidius colemani Viereck, 1912) (Ketabi et al.,
2014). In this research, imidacloprid had a higher level
of toxicity against both the aphid and the wasp than
Palizin" which consistent with the obtained findings.

5 CONCLUSION

Generally, the insecticide soap showed significant-
ly less toxicity than tested chemicals in all bioassays.
Furthermore, the repellent effects of insecticide soap
were significantly lower than imidacloprid and thiaclo-
prid applications. However, further studies should be
conducted to assess the sublethal effects of Palizin® on
the behavior and reproduction-related traits that could
influence the population dynamics of the parasitoid in
the field. These aspects are particularly true in the case
of novel bioinsecticides that are slower acting, and for
which the evaluation of the sole acute toxicity could
not really represent the true risk for biological control
agents (Biondi et al, 2012 and 2013). Obtained find-
ings, need to be validated under realistic field condi-
tions, considering that the novel bioinsecticide Palizin’
is more suitable for the sustainable management of
woolly apple aphid.
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