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Selectivity of Four Insecticides to Woolly Apple Aphid, Eriosoma Lanigerum
(Hausmann) and its Sole Parasitoid, Aphelinus mali (Hald.)
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Abstract: Four insecticides were tested for their suitability to an integrated pest management program of woolly
apple aphid (WAA). The tested insecticides were imidacloprid, pirimicarb, cartap and petroleum oil. Three
indices were developed to determine the degree of selectivity of studied insecticides and to determine their
suitability to WAA IPM program. WAA index used to measure the efficacy of the insecticides against the
WAA and showed that imidacloprid was the most efficient in suppressing WAA. Parasitoid index used to
measure the negative impact of insecticides on the sole parasitoid of WAA, Aphelinus mali. This index
indicated that pirimicarb was the safest insecticide to WAA parasitoid, while imidacloprid caused drastic effect
on mummified aphids. Both the WAA and parasitoid indices were integrated in a selectivity index that was used
to determine the IPM compatibility of the tested insecticides. Selectivity index indicated that pirimicarb is the
most suitable insecticide for controlling WAA as its application resulted in valuable suppression of WAA and
very low negative impact to its parasitoid. 

Key words: Bioassay  Selective insecticide  Woolly apple aphid Aphelinus mali

INTRODUCTION The purpose of this study is to study the selectivity

Apples are grown as commercial and subsistence mali and to determine their suitability for use as part of
crops in Jordan. Apples represent about 5% (5570 ha) of integrated pest management (IPM) program for this insect
planted area in Jordan that produce about 54300 tons of pest.
fruits annually [1]. Woolly apple aphid (WAA), Eriosoma
lanigerum (Hausmann) (Homoptera: Eriosomatidae) is an MATERIALS AND METHODS
important insect that infests apple orchards in Jordan [2]
and is considered to be critical to the economics of the Insecticides:  Four  insecticides  were  tested  against
apple industry worldwide [3]. WAA feeds in both the tree both WAA and A. mali. The used insecticides were
canopy and below on the roots of the apple tree [4, 5]. Its Commando  20%  SC, pirimicarb 50 WP, Cartap 50% SP
infestation reduces vegetative growth and hence and  Samarol 96%.  Details  of  these  insecticides are
production capacity [6, 7]. The most important natural listed in Table 1. Four rates were used from each
enemy for WAA is Aphelinus mali (Hald) (Hymenoptera: insecticide according to the lowest recommended field
Aphelinidae), which parasitizes the aerial population of rate (X) as 2X, 1X, 0.5X and 0.25X. Water was used as
WAA [8, 9]. control treatment.

of four insecticides to WAA and its sole parasitoid A.

Table 1: Common names, trade names, % active ingredients (a.i.), formulation group and lowest recommended field rate (LRFR ) of the tested insecticides.

Common name Trade name % a.i. Group LRFR

Imidaclorpid Commando 20 Nicotinoid 7.5 ml/ 20 L

Pirimicarb Pirimicarb 50 Carbamate 10 gm/20 L

Cartap Cartap 50 dimethylaminopropane - 1.3 - dithiol 15 gm/20 L

Petroleum oil (Summer oil) Samarol 96 Hydrocarbon Oil 100 ml/20 L
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Insect: The insecticidal activity of the above mentioned The toxicity of the four insecticides were tested
insecticides was tested against the woolly apple aphid against the WAA parasitoid by dipping a 10-cm length
(WAA). Insects were collected from the apple fruits excised twigs with mummified aphids attached to them in
orchard in Ash-Shoubak University College in 2009. A the solution of each insecticide at each tested rate for
colony of aphids was established from a single apterous about 10 seconds. Then the twigs were kept under
virginoparae adult in a greenhouse (at 25±5°C) in Al- laboratory  conditions  (with  temperature  ranging  from
Balqa’ Applied University campus on 2-year old seedlings 20 to 25°C and relative humidity of 45 to 70%). Six
of apple, Malus domestica Borkhausen. Offspring were replicates for each test were used. The number of emerged
used to infest more seedlings of apple. Subsequent adult parasitoids was counted after 12 days post
colonies were reared in the greenhouse at 25 ± 5°C and in treatment.
a cycle of 16 h light, 8 h dark (L 16:D 8), inside fine net
cages to protect them from parasites and predators. Statistical Analysis: Data were corrected for control

Parasitoid: The insecticidal activity of the above Table Curve program 2D program (Jandel Scientific®) was
mentioned insecticides was also tested against Aphelinus used to predict the percentage of the lowest
mali, the sole parasitoid of WAA. Apple twigs infested recommended field rate of the insecticide required to kill
with E. lanigerum which had been parasitized by A. mali 50 % of WAA population and the percentage of the
were collected during August and September from an lowest recommended field rate of the insecticide required
organic orchard in Ash-Shoubak. The twigs were placed to inhibit adult parasitoid emergence from mummified
in a rearing cage (2 x 1 x 1 m) covered with organdy cloth. aphids.
The cages for parasitoid rearing were maintained in a
greenhouse at 25±5°C and in a cycle of 16 h light, 8h dark RESULTS AND DISCUSSION
(L16:D8).

Bioassays to WAA and Aphelinus Mali: A cut-shoot woolly apple aphid, Eriosoma lanigerum (Hausmann). It
bioassay, adapted from the method developed by has been introduced from its native home, North America,
Desprez-Loustau [10], was used. Colonies of WAA were into apple growing regions throughout the world in
established on 10-cm length excised twigs under attempts to control its aphid host [11]. Ateyyat et al. [12]
laboratory conditions (with temperature ranging from 20 reared this parasitoid and released it into apple orchards
to 25°C and relative humidity of 45 to 70%) from adult in Jordan. The parasitoid provided a valuable suppression
apterous virginoparae collected from the greenhouse. of WAA during the year of its release but its
From  the laboratory  colonies,   about   20   apterous effectiveness was reduced in the next year due to the
parthenogenetic adults of WAA were taken to be placed routine spraying of non selective insecticides in
on a damaged portion of an excised twig confined within neighbouring orchards that led to the movement of aphids
a sleeve cage. The twigs with caged aphids were placed to  orchards  where  no  insecticides were sprayed [12].
in plastic vials half-filled with water and placed on a test- For this, four insecticides were tested for their suitability
tube rack. After one day, any new born nymphs as well as as IPM compatible insecticides.
adults failing to settle on the excised twigs were removed. Because it is difficult to compare different

The excised twigs with aphids attached to them were insecticides and different rates, three indices were
dipped in the required solution for about 10 seconds. Six developed to assess results of bioassays conducted with
replicates for each rate of each insecticide were used. the lowest recommended field rate (the lowest rate
Observations of mortality were carried out after 24 h using recommended on the pesticide label). The WAA-index
a magnifying lens (×4). Adults of WAA that failed to rated the toxicity of each insecticide to the insect pest and
settle on the excised twigs were considered as dead. The the Parasitoid-index rated the adverse impact of each
number of dead aphids and those failed to settle on each insecticide to Aphelinus mali. An overall estimate of the
twig was counted along with the numbers left in the suitability of each insecticide for IPM program of WAA
plastic vial attached to that plant. The percentage of combined these two indices in a selectivity Index. The
mortality was calculated by taking the numbers of dead WAA-index  represented  by  the percentage of the
aphids and those failed to settle on the twig, as a lowest  recommended  field  rate of the insecticide
percentage of the total number of aphids before starting required to kill 50 % of WAA population and Parasitoid-
the tests. The experiment was repeated three times. index   represented by   the   percentage   of   the  lowest

mortality using Abbott’s (1925) formula before analysis.

Aphelinus mali is an exotic endoparasitoid of the
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Fig. 1: Curve fitting of the mortality of woolly apple aphid due to imidacloprid, pirimicarb, cartap and petroleum oil
treatments based on the lowest recommended field rate of application.

recommended  field  rate  of  the  insecticide required to pirimicarb, cartap and petroleum oil, respectively. An
inhibit adult parasitoid emergence from  mummified inverse relationship between the WAA index of the
aphids. Selectivity index (SI) was calculated by insecticide and its efficiency in suppressing the insect.
subtracting  WAA-index  value  from Parasitoid-index. This indicates that imidacloprid insecticide is the most
The  insecticide  with  highest  value  of SI means it is efficient in controlling WAA and that cartap shows
more selective and more WAA IPM compatible weakness in controlling WAA.
insecticide. Figure 2 shows curve fitting  of   percentage of

WAA indices compared the effectiveness of each failure of Aphelinus mali emergence from mummified
insecticide in suppressing the WAA. Using automatically WAA  aphids  due  to  imidacloprid,  pirimicarb, cartap
generate table entries of curve fitting equations of the and petroleum oil treatments based on the lowest
mortality of WAA due to imidacloprid, pirimicarb, cartap recommended field rate of application. Using
and petroleum oil treatments based on the lowest automatically  generate  table entries, Parasitoid indices
recommended field rate of application (Fig. 1), WAA are obtained as 0.35, 3.37, 2.064 and 1.762 for imidacloprid,
indices are 0.279, 0.546, 1.107 and 0.460 for imidacloprid, pirimicarb,   cartap   and   petroleum      oil,    respectively.
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Fig. 2: Curve fitting of percentage of failure of Aphelinus mali emergence from mummified WAA aphids due to to
imidacloprid, pirimicarb, cartap and petroleum oil treatments based on the lowest recommended field rate of
application

The higher the parasitoid index value, the less the selectivity index positive value and proved to be most
negative    impact   of   the   insecticide   on    A.   mali. IPM-compatible insecticide to be used for controlling
This  means  that  the use  of  pesticide pirimicarb  results WAA (Fig. 3). Even though imidacloprid is highly
in a less negative impact on A. mali compared to efficient in suppressing the aerial populations of WAA,
imidacloprid use which has led to significant damage in but it is also showed to be very harmful to the sole
the mummified aphids. Cartap showed a valuable degree mummified WAA aphids and for this the selectivity index
of safety against the mummified aphids as more double of value of this insecticide is very low. The toxicity of
lowest recommended field rate is needed to inhibit imidacloprid to natural enemies is a key factor to its
emergence of 50% mummies. acceptability in pome fruit IPM. It is moderately toxic to

Integrating both WAA index and Parasitoid index in earwigs [13]. Imidacloprid is also toxic to adult
the selectivity index (SI) provide an indication of the IPM- Hymenoptera when applied as a soil drench [14].
compatibility of the insecticide. The insecticide with the However, it is unlikely to come into direct contact with
greater positive value is considered the most IPM- adult A. mali, or foraging honeybees ( Apis mellifera L.)
compatible insecticide. Pirimicarb provided the highest during the pollination period.
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Fig. 3: Selectivity index (SI) of four insecticides used against WAA. The highest positive value of SI the more IPM
compatible insecticide. 
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