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Abstract 
The common pistachio psylla, Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera: Psyl-
lidae), is a key pest in pistachio orchards in Iran. Chemical control is a common method to 
manage this pest. Compatibility between natural enemies and pesticides is a primary concern in 
programs of integrated pest management of the psyllid pest. In this research, susceptibility of 
fifth instar nymphs of Ag. pistaciae and fourth instar larvae of the two most common predators of 
this pest, Adalia bipunctata L. (Coleoptera: Coccinellidae) and Coccinella undecimpunctata ae-
gyptiaca Reiche, to acetamiprid, thiamethoxam, and imidacloprid was investigated. Probit 
analysis of concentration-mortality data was conducted to estimate the LC50 value. The results 
showed that thiamethoxam with an LC50 value of 56.35 mg a.i./L was more toxic to fifth instar 
nymphs of Ag. pistaciae in comparison to acetamiprid (60.75 mg a.i/L) and imidacloprid (138.21 
mg a.i/L). Imidacloprid with an LC50 value of 218.89 mg a.i/L compared to acetamiprid (222.65 
mg a.i/L) and thiamethoxam (232.37 mg a.i/L) had more lethal effects on fourth instar larvae of 
Ad. bipunctata. However, on the fourth instar larvae of C. undecimpunctata aegyptica, acetam-
iprid with an LC50 value of 263.44 mg a.i/L was more toxic than thiamethoxam (296.62 mg a.i/L) 
and imidacloprid (447.82 mg a.i/L). The laboratory findings showed that the three tested insecti-
cides were more toxic to the common pistachio psylla than to its natural predators. 
Thiamethoxam was the most toxic against Ag. pistaciae. However, its toxicity to the predators 
was lower than imidacloprid and acetamiprid. This result suggests that thiamethoxam is the best 
insecticide for control of Ag. pistaciae in combination with predatory lady beetles. 
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Introduction 
 
The common pistachio psylla, Agonoscena 
pistaciae Burckhardt and Lauterer (Hemip-
tera: Psyllidae), is one of the most important 
pests of pistachio trees in Iran. This species is 
widely distributed throughout the pistachio 
growing regions of Iran, especially in Rafsan-
jan, the main pistachio production area in Iran. 
In autumn, the adult insects enter diapause 
under the loose bark on the trunks of pistachio 
trees and in soil and under leaves, where they 
overwinter. This pest has a multivoltine life 
cycle throughout Iran (Mehrnejad, 2003). 
Chemical control is a common method in 
management of this pest. However, continued 
use of chemicals has made Ag. pistaciae re-
sistant to several of the insecticides currently 
in use. Additionally, some of these pesticides 
adversely affect biological control agents used 
to control the psyllid, resulting in subsequent 
pest resurgence (Mehrnejad 2003). Beneficial 
arthropods often exhibit greater susceptibility 
to persistent insecticides than their host or 
prey (Croft 1990; Ruberson et al. 1998). This 
is caused by a variety of factors, including 
their active searching behavior, lower detoxi-
fication capacity, lower genetic variation, and 
food limitation (Tabashnik and Johnson 
1999). Adalia bipunctata L. (Coleoptera: Coc-
cinellidae) and Coccinella undecimpunctata 
aegyptiaca Reiche are the two most notable 
ladybird predators of Ag. pistaciae in the pis-
tachio orchards of Rafsanjan. Evidence from 
laboratory and field trials has demonstrated 
that Ag. pistaciae fully supports development 
and reproduction of these two predatory bee-
tles (Jalali 2001). 
 
Neonicotinoids are compounds with systemic, 
translaminar, and contact activity (Elbert et al. 
1991). They have a mode of action similar to 
that of nicotine, acting as an agonist of the 
nicotinic acetylcholine receptor in the insect’s 

postsynaptic membrane (Schroeder and Flat-
tum 1984). 
 
Acetamiprid, thiamethoxam, and imidacloprid 
are fast-acting neonicotinoid insecticides in 
the chloronicotinyl nitroguanidine chemical 
family (Kramarz and Stark 2003) and act on 
the insect nervous system by attaching to the 
acetylcholine binding sites, called nicotinergic 
receptors, on the receiving nerve cells. This 
mode of action prevents transmission of in-
formation at those binding sites, leading to 
lasting impairment of the nervous system and 
eventual death (Matsuda et al. 2001; Millar 
and Denholm 2007). Because of the systemic 
mode of action and low toxicity to humans, 
neonicotinoids have become popular insecti-
cides worldwide for control of sap-sucking 
insects, some chewing insects (including ter-
mites), soil insects, and fleas on pets (Matsuda 
et al. 2001; Nauen and Denholm 2005; Her-
bert et al. 2008).  
 
Sole use of biological control may not always 
be sufficient to manage insect pest popula-
tions, and appropriate insecticide treatments 
may be needed (Hassan and Van de Veire 
2004). Therefore, it is necessary to identify 
insecticides for use in integrated pest man-
agement programs to effectively control Ag. 
pistaciae with minimal impact on associated 
biological control agents. In the current study, 
the toxicity of three neonicotinoid insecticides 
to fifth instar nymphs of Ag. pistaciae, and 
their compatibility with fourth instar Ad. 
bipunctata and C. undecimpunctata aegyp-
tiaca, was assessed. The fourth instar of each 
predator was selected because of their superi-
or predation capacity relative to that of 
younger instars (Jalali 2001), and hence their 
greater expected contribution to biological 
control. Tested compounds are routinely used 
against Ag. pistaciae on cultivated pistachio 
trees in Rafsanjan, where the two coccinellid 
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species studied may be additional assets in 
integrated pest management programs.  
 
Materials and Methods 
 
Rearing of the test insects  
Ag. pistaciae was reared on pistachio shrubs 
in ventilated aluminum rearing cages (50 × 60 
× 70 cm) in a greenhouse under controlled 
conditions at 26 ± 2°C, 60–70% RH, and a 
photoperiod of 16:8 L:D. Adults of the preda-
tory beetles were collected from pistachio 
gardens in Rafsanjan. Lady beetles were 
reared in ventilated plastic boxes (20 × 25 × 
10 cm) at 26 ± 2ºC, 65 ± 5% RH, with a pho-
toperiod of 16:8 L:D. They were provided 
with Ag. pistaciae as food and were left for at 
least 3 weeks to adapt to the laboratory condi-
tions. 
 
Insecticides 
Commercial formulations of imidacloprid 
(Confidor, 0.35% suspension concentration, 
Bayer CropScience, 
www.cropscience.bayer.com), acetamiprid 
(Aventis, 20% suspension powder, Bayer 
CropScience), and thiamethoxam (Actara, 
25% wetable granule, Syngenta, 
www.syngenta.com) were used. Based on pre-
liminary tests, graded concentrations of 
pesticides (20, 40, 80, 120, and 160 mg a.i./L 
for acetamiprid; 25, 50, 75, 100, and 125 mg 
a.i./L for thiamethoxam; 53, 70, 105, 147, and 
210 mg a.i./L for imidacloprid) were prepared 
with distilled water.  
 
Bioassay of Ag. pistaciae  
To study the susceptibility of the fifth instar 
nymphs of Ag. pistaciae to acetamiprid, thia-
methoxam, and imidacloprid, one-day-old 
fifth instar nymphs were dipped in different 
concentrations of insecticides for 2 sec. Treat-
ed nymphs were allowed to air dry and then 
placed on the pistachio leaves and assayed 

under controlled conditions. The experiments 
were carried out with 3 replications, each con-
sisting of 20 nymphs. Distilled water was used 
as the control. Treated nymphs were main-
tained in a climate chamber and reared on 
fresh leaves. Mortality counts were made after 
24 hr.  
 
Bioassays of Ad. bipunctata and C. undec-
impunctata aegyptica 
Susceptibility of the fourth instar larvae of the 
predators Ad. bipunctata and C. undecimpunc-
tata aegyptica to different concentrations of 
acetamiprid, thiamethoxam, and imidacloprid 
was investigated by a topical application 
method using an automatic micro-syringe 
pump (Stoelting, www.stoelting.com). Thirty 
insects were assayed per concentration (10 
larvae per replicate, 3 replications). Distilled 
water was used as a control. Treated larvae 
were provided with Ag. pistaciae and main-
tained in a growth chamber at 26 ± 2ºC, 65 ± 
5% RH, with a photoperiod of 16:8 L:D. Sur-
vival was checked after 24 hr. 
 
Experimental design and data analysis 
The factorial experiment was in a randomized 
complete block design, with two factors: (1): 
treatments: 3 insecticides and the control, each 
consisting of 3 replications and 5 concentra-
tions; and (2) 3 insects, each consisting of 20 
nymphs. Data were analyzed with Minitab 14 
(Minitab 2005, www.minitab.com) software 
followed by MSTAT-C to compare effects 
among treatments. The results were expressed 
as percent of larval mortality. Probit analysis 
was used for estimation of LC50 by POLO-PC 
2002 software (Robertson et al. 2007; 
www.polo-pc-2002.software.informer.com).  
 
Results 
 
In this study, the effects of 3 neonicotinoid 
insecticides, i.e. acetamiprid, thiamethoxam, 
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and imidacloprid, were investigated for their 
effect on the mortality of fifth instar nymphs 
of Ag. pistaciae and fourth instar larvae of its 
natural predators, lady beetles Ad. bipunctata 
and C. undecimpunctata aegyptica. In acetam-
iprid, thiamethoxam, and imidacloprid 
treatments, mortality of Ag. pistaciae and its 
predators increased as the concentration of the 
insecticides increased. Mortality was propor-
tional to pesticide concentration (Tables 1–3). 
In the bioassay of the tested insecticides 
against Ag. pistaciae, there were significant 
differences in mortality between the insecti-
cides and the control (F6, 35 = 16.584, p < 
0.05). In the bioassay of the tested insecticides 
against fourth instar larvae of Ad. bipunctata 
and C. undecimpunctata aegyptica, there were 
significant differences in mortality between 
the insecticides and the control (F3, 8 = 9.032, 
p < 0.05).  
 
Probit analysis revealed that thiamethoxam 
(LC50 = 56.35 mg a.i/L) was more toxic to Ag. 
pistaciae than acetamiprid (LC50= 60.70 mg 
a.i/L) and imidacloprid (LC50= 138.21 mg 
a.i/L) (Table 4). The toxicity of 3 different 
neonicotinoids to the fifth instar nymphs of 
Ag. pistaciae was in the following order: thi-
amethoxam > acetamiprid > imidacloprid.  
 
In evaluation of acetamiprid against Ag. pista-
ciae and Ad. bipunctata and C. 
undecimpunctata aegyptica, Chi-square val-
ues (3.4, 0.57, and 1.22, respectively) 
indicated that this insecticide had the best fit 
to the Ad. bipunctata data (Chi-square for this 
species was 5.96-fold less than for Ag. pista-
ciae and 2.14-fold less than for C. 
undecimpunctata aegyptica). In evaluation of 
thiamethoxam, Chi-square values (1.04, 0.07, 
and 0.54 for Ag. pistaciae, Ad. bipunctata, and 
C. undecimpunctata aegyptica, respectively) 
indicated that this insecticide had the best fit 
to the Ad. bipunctata data (Chi-square for this 

species was 14.85-fold less than for Ag. pista-
ciae and 7.71-fold less than for C. 
undecimpunctata aegyptica). In evaluation of 
imidacloprid, Chi-square values (0.01, 1.25, 
and 0.13 for Ag. pistaciae, Ad. bipunctata, and 
C. undecimpunctata aegyptica, respectively) 
indicated that this insecticide had the best fit 
to the Ag. pistaciae data (Chi-square for this 
species was 125-fold less than for Ad. bipunc-
tata and 13-fold less than for C. 
undecimpunctata aegyptica). The degrees of 
freedom of the insecticides were fixed for all 
the tested species (Table 4). 
 
The LC50 values comparing the LC50 ratio 
(2.45) and the lower and upper 95% confi-
dence limits (0.15–0.8) showed that there was 
a significant difference between the LC50 val-
ues of imidacloprid (138.21 mg a.i./L) and 
thiamethoxam (56.35 mg a.i./L) (Table 4). In 
the comparison between imidacloprid and ac-
etamiprid, the LC50 ratio (2.28) with the lower 
and upper 95% confidence limits (0.11–0.67) 
showed that there was a significant difference 
between the LC50 values of imidacloprid 
(138.21 mg a.i./L) and acetamiprid (60.70 mg 
a.i./L) (Table 4). In the comparison between 
acetamiprid and thiamethoxam, the LC50 ratio 
(1.07) with the lower and upper 95% confi-
dence limits (-1.73–1.75) showed that there 
was not a significant difference between the 
LC50 values of acetamiprid (60.70 mg a.i./L) 
and thiamethoxam (56.35 mg a.i./L) (Table 4).  
 
Probit analysis data revealed that imidacloprid 
(LC50 = 218.89 mg a.i/L) was more toxic to 
Ad. bipunctata than acetamiprid (LC50 = 
222.65 mg a.i/L) and thiamethoxam (LC50 = 
232.37 mg a.i/L). The toxicity of the 3 differ-
ent neonicotinoids to the fourth instar larvae 
of Ad. bipunctata was in the following order: 
imidacloprid > acetamiprid > thiamethoxam 
(Table 4). 
 

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



 

Journal of Insect Science: Vol. 14 | Article 35  Amirzade et al. 

Journal of Insect Science | http://www.insectscience.org	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 	 5 
 
 

The LC50 values comparing the LC50 ratio 
(1.04) and the lower and upper 95% confi-
dence limits (-0.26–0.34) showed that there 
was a significant difference between the LC50 
values of acetamiprid (222.65 mg a.i/L) and 
thiamethoxam (232.37 mg a.i/L) (Table 4). In 
the comparison between imidacloprid and ac-
etamiprid, the LC50 ratio (1.17) with the lower 
and upper 95% confidence limits (-0.32–0.36) 
showed that there was a significant difference 
between the LC50 values of imidacloprid 
(218.89 mg a.i/L) and acetamiprid (222.65 mg 
a.i/L) (Table 4). In the comparison between 
imidacloprid and thiamethoxam, the LC50 ra-
tio (1.06) with the lower and upper 95% 
confidence limits (-0.18–0.22) showed that 
there was a significant difference between the 
LC50 values of thiamethoxam (232.37 mg 
a.i/L) and imidacloprid (218.89 mg a.i/L) (Ta-
ble 4).  
 
Probit analysis revealed that acetamiprid 
(LC50 = 263.44 mg a.i/L) was more toxic to C. 
undecimpunctata aegyptica than thiamethox-
am (LC50 = 296.63 mg a.i/L) and imidacloprid 
(LC50 = 447.82 mg a.i/L) (Table 4). The tox-
icity of the 3 different neonicotinoids to the 
fourth instar larvae of C. undecimpunctata 
aegyptica was in the following order: acetam-
iprid > thiamethoxam > imidacloprid (Table 
4).  
 
The LC50 values comparing the LC50 ratio 
(1.13) and the lower and upper 95% confi-
dence limits (-0.35–0.45) showed that there 
was a significant difference between the LC50 
values of acetamiprid (263.44 mg a.i/L) and 
thiamethoxam (296.62.00 mg a.i/L) (Table 4). 
In the comparison between imidacloprid and 
acetamiprid, the LC50 ratio (1.70) with the 
lower and upper 95% confidence limits (0.13–
0.33) showed that there was a significant dif-
ference between the LC50 values of 
imidacloprid (447.82 mg a.i/L) and acetam-

iprid (263.44 mg a.i/L) (Table 4). In the com-
parison between imidacloprid and 
thiamethoxam, the LC50 ratio (1.51) with the 
lower and upper 95% confidence limits (-
0.22–0.58) showed that there was a significant 
difference between the LC50 values of im-
idacloprid (447.82 mg a.i/L) and 
thiamethoxam (296.62 mg a.i/L) (Table 4). 
 
Discussion 
 
The rate of change of mortality in relation to a 
unit change in concentration is expressed by 
the slope of a line, which in turn expresses the 
variability in susceptibility of the test popula-
tion. A steep line means a population has a 
small variation in susceptibility, whereas a flat 
line means a population varies widely in sus-
ceptibility. In the bioassay of Ag. pistaciae, 
the slope of the dose-response line of thia-
methoxam was steep and the difference 
between the highest and lowest concentrations 
was low. That means the population was ho-
mogeneous in susceptibility, and with a fairly 
small increase in insecticide concentration the 
mortality would increase considerably. This 
finding necessitates more careful use of this 
neonicotinoid in the field to prevent exerting a 
high selection pressure that could eliminate 
the susceptible individuals and lead to selec-
tion of resistant individuals. The slopes of the 
dose-response lines of imidacloprid and acet-
amiprid were flat, and the difference between 
the highest and lowest concentrations was 
high. That means the mortality would increase 
considerably with a fairly large increase in 
insecticide concentration (Robertson et al. 
2007).  
 
The results indicated high toxicity of im-
idacloprid, acetamiprid, and thiamethoxam 
against Ad. bipunctata. The slopes of the 
dose-response lines of the tested insecticides 
were flat, and the differences between the 
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highest and lowest concentrations were high, 
which means the mortality would increase 
considerably with a fairly large increase in 
insecticide concentration. This finding is in 
agreement with the results of Torres and 
Ruberson (2004), Bozsik (2006), and Jalali et 
al. (2009). In addition, Michaud (2002) 
showed that imidacloprid was toxic to larvae 
of Harmonia axyridis and Cycloneda san-
guinea using a similar method of exposure. 
Dong-Soon et al. (2006) found high toxicity 
of acetamiprid against Deraeocoris brevis.  
 
The sensitivity of C. undecimpunctata aegyp-
tica to imidacloprid was found to be quite 
different from the sensitivity of Ad. bipunc-
tata. Ad. bipunctata was 2 times more 
sensitive than C. undecimpunctata, but in 
general the sensitivity of Ad. bipunctata to all 
tested insecticides was more than the sensi-
tivity of C. undecimpunctata aegyptica. 
 
In conclusion, the findings indicated that the 3 
tested insecticides were more toxic to Ag. pis-
taciae than to its natural predators the lady 
beetles. Thiamethoxam was the most toxic 
insecticide against Ag. pistaciae. However, its 
toxicity to predatory lady beetles was lower 
than imidacloprid and acetamiprid. So, it 
could be concluded from the results that thia-
methoxam is the best insecticide for control of 
Ag. pistaciae in combination with predatory 
lady beetles.  
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Table 2. Mortality of Adalia bipunctata fourth instar larvae 
treated with acetamiprid, thiamethoxam, and imidacloprid. For 
each insecticide, means within a column followed by the same 
letter are not significantly different (p > 0.01). The experiments 
were replicated 3 times with 20 fourth instar larvae. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

Table 1. Mortality of Agonoscena pistaciae fifth instar nymphs 
treated with acetamiprid, thiamethoxam, and imidacloprid. For 
each insecticide, means within a column followed by the same 
letter are not significantly different (p > 0.01). The experiments 
were replicated 3 times with 20 fifth instar nymphs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

Table 3. Mortality of Coccinella undecimpunctata aegyptica 
fourth instar larvae treated with acetamiprid, thiamethoxam, 
and imidacloprid. For each insecticide, means within a column 
followed by the same letter are not significantly different (p > 
0.01). The experiments were replicated 3 times with 20 fourth 
instar larvae. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

Table 4. Evaluation of imidacloprid, acetamiprid, and thiamethoxam on the mortality of fifth instar nymphs of Agonoscena pistaciae and 
fourth instar larvae of Adalia bipunctata and Coccinella undecimpunctata aegyptica. χ2 = chi-square; df = degree of freedom, n = number of 
treated larvae. 
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