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Abstract: The reported high loss mortality rate of green lacewing, (Chrysoperla carnea) have been attributed to diverse 
factors including unattended use of insecticides. Since chemical control is one of a significant practice to manage insect pest in 
cotton. However, this kind of practice may impair the natural control provided by generalist predator C. carnea. Although, 
natural control adoption is limited in crops, area and season due to wide-spread use of insecticides but presence of resistance 
potential in C. carnea may improve the design of solid IPM strategies. Herein, we aimed to assess the toxicity of four 
insecticides to two strains of C. carnea (viz. laboratory reared and field collected adults) and to evaluate their resistance 
potential by calculating their resistance ratio. LC50 was calculated at 24 h following topical application administered when the 
adults were 3 days old. Control adult mortalities were less than 10% at 24 h. The LC50 values (µl mL-1) for laboratory reared 
strains of each tested insecticide were: acetamiprid, 0.0064; bifenthrin, 3.75; chlorpyrifos, 0.067; and profenofos, 0.052. The 
LC50 values for field collected strains were 0.096 (acetamiprid), 34.8 (bifenthrin), 0.21 (chlorpyrifos) and 0.44 (profenofos). 
The toxicity of the test insecticide to C. carnea from more to least toxic was acetamiprid > profenofos > chlorpyrifos > 
bifenthrin. Field collected strain possessed 15 (acetamiprid)-, 9.28 (bifenthrin)-, 3.13 (chlorpyrifos)-, and 8.5 (profenofos)-fold 
more resistance than the susceptible population. These results are pretty worthwhile for integration of C. carnea in IPM 
programs, impairing with insecticides. 
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1. Introduction 

Conservation natural control, in which beneficial fauna are 
preserved in the agroecosystem, has been considered as an 
element progressively important in Integrated Pest 
Management (IPM) programs [1]. It is the only way to 
maintain and enhance the survival, reproduction, and 
efficiency of natural enemies, which are directly involved in 
regulating populations of various agricultural and forest 
insect pests. Approaches to the conservation of these natural 
enemies involve the adoption of practices that benefit them, 
as well as avoidance of practices that could be harmful [2]. 

Among natural enemies in Asia, a large number of 
predators can control insect pest in cotton (Gossypium 

hirsutum L.) such as Coccinellids, Chrysopids, Anthocoris 
and Spiders [3]. The green lacewing Chrysoperla carnea 

(Stephen) (Neuroptera: Chrysopidae) stand out as important 
predator, especially of the sucking complex of cotton [4]. The 
larvae of C. carnea are generalist predator which can also 
feed on eggs and small larvae of lepidoptera, scales, aphids, 
psilids and whiteflies [5]. It is worth mentioning that the use 
of chrysopids in IPM as increased since last few years, 
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mainly due to its adaptability, voracity and relative wide 
tolerance to several insecticides [6, 7]. 

Regardless of advances in insect management 
technologies, use of insecticides is still a common practice 
worldwide for the control of various insect pest populations 
[8]. However, insecticides have been also reported with 
numerous demerits, such as the emergence of secondary pest 
populations, resurgence of various pests, producing resistant 
pest populations, and lethal effects on the natural enemies 
cohabiting in agroecosystem [7, 9]. Based on the importance 
of C. carnea eggs and pupae, tolerance to insecticides may 
play a vital role to eliminate the pests which are usually 
escaped from chemical control [1]. One of the main agenda 
of IPM is the combination of selective insecticides with 
natural enemies. Therefore, the evaluation of insecticidal 
effects on biological control agents is essential prior to the 
execution of and IPM program [10, 11]. Theoretically, few 
studies have been addressed that all developmental stages 
(eggs, larva, pupa, and adult) of green lacewing are 
susceptible to insecticides, the exposure may lead to lethal 
and sub-lethal effects [7, 12]. Most of the studies highlighted 
lethal and sub-lethal effects of selective insecticides on larvae 
and adult lacewing [13-15], and some have focused on eggs 
and pupae that can be considered more tolerant to 
insecticides [6, 16, 17]. 

Insecticide resistance in insect pest has adverse 
consequences but can be used as a positive attribute for 
biological control agents as a valuable tool in pest 
management [18]. Most studies on insecticide resistance in 
biological control agents try to establish the degree of 
compatibility using only a population, without considering 
the natural variation in susceptibility of insecticides. 
However, variation in response to insecticides among the 
populations of natural enemies is similar to the response in 
any other insect pest [19]. So, the knowledge of the potential 
resistance of natural enemies to insecticides may improve 
strong IPM approaches. 

In the present study, the toxicity of insecticides used in 
cotton cultivation, commonly against sucking complex were 
investigated on laboratory reared and field collected strain of 
C.carnea. The information generated through the present 
study would be a better understanding of insecticide 
resistance in natural enemies that will guide us to improve 
the integration of chemical and biological tools in IPM 
programs. 

2. Materials and Methods 

2.1. Insect Collection 

C. carnea adults (about 2700) were collected from 
different fields (cotton, brassica etc) of Tandojam (location: 
25.4203°N, 68.5445°E) in the year 2017 by using specialized 
LED-based light traps which can easily target lacewing 
trichromatic vision [20]. Each trap was equipped with four 
strips (each strip contain 12 LEDs) able to emit UV the first 
(250 mcd and 395 nm wavelength) and flashing white light 

second (11,000 mcd and 455 nm wavelength). Traps were 
provided with a 12V battery for 7Ah and left the switch on 
from 7 pm to 10 pm. Capturing was also done by hand 
sweeping net around the traps. 

2.2. Insect Rearing 

Collected adults (field strain) and laboratory reared (G-
273) strains were kept in rearing cage (24.5 x 24.5 x 24.5 
cm) provisioned with an artificial diet consisting sugar, 
honey, yeast and distilled water (2:1:1:2) in the laboratory 
[21]. Black linen cloth was provided at the top of cages 
for egg laying and removed on each alternate day to 
harvest the eggs. The eggs were placed in black cloth 
(cover cloth) and fed on frozen Angoumois grain moth 
(Sitotroga cereallela Olivier) eggs [9]. After hatching (48 
- 60 hrs), individual 1st instar larvae were sealed in 2 
inches polypropylene transparent straw with three pin 
aeration holes to avoid the cannibalism. The culture was 
maintained in the Biological Control Laboratory, Nuclear 
Institute of Agriculture at 25 ± 1°C and 60 ± 5% RH and 
15:9 (L:D) till pupation. Tubes were cut out and small 
open pieces of the tube along with pupae and placed on 
glass petri plates (9 cm diameter and 1.5 cm height) for 
emergence. The population of C. carnea reared for 10 
years in the mentioned laboratory without exposure, was 
designated as Susceptible strain [22, 23]. 

2.3. Insecticides Formulation 

Commercial insecticides were used for bioassays. The four 
insecticides (Acetamiprid: Acelan® 20 SL, FMC, expiry date 
March 2019; Chlorpyrifos: Cordelia® 40 EC, FMC, expiry 
date July 2018; Bifenthrin: Talstar® 10 EC, FMC, expiry date 
March 2019; and Profenofos: Curacron® 50 EC, Syngenta, 
expiry date November 2018) used under study were 
purchased their registered dealers. Firstly determined the 
correction factor (CF) to have a 100% stock solution. Pilot 
studies were conducted to determine the suitable 
concentration range to use for each insecticide. On these 
basis, following concentrations were evaluated to determine 
the LC50 for susceptible strain: Acetamprid: 0.001, 0.002, 
0.005, 0.01, 0.02, 0.05 and 0.1 µl mL-1; Bifenthrin: 0.9, 1.2, 
1.5, 2, 5 and 10 µl mL-1; Chlorpyrifos: 0.0075, 0.01, 0.02, 
0.05, 0.1, 0.15, 0.2 and 0.5 µl mL-1; and Profenofos: 0.0075, 
0.01, 0.02, 0.05, 0.07, 0.08, 0.1 and 0.2 µl mL-1. The 
following concentrations were used to determine LC50 for 
field strain: Acetamiprid: 0.001, 0.002, 0.005, 0.01, 0.05, 0.1, 
0.2 and 0.4 µl mL-1; Bifenthrin: 5, 10, 15, 30, 50, 60 and 70 
µl mL-1; Chlorpyrifos: 0.01, 0.02, 0.03, 0.06, 0.12, 0.24, 0.48 
and 0.96 µl mL-1; and Profenofos: 0.01, 0.03, 0.05, 0.1, 0.25, 
0.5, 1 and 1.5 µl mL-1. All insecticides were dissolved in 
acetone to prepare stock solution. 

2.4. Concentration Response Bioassay 

Concentration response bioassays of insecticides were 
conducted for 48 – 60 hours old C. carnea adults as 
described previously [21]. All above mentioned 
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concentrations were made as serial dilutions, each 
concentration was replicated three times for each bioassay. 
1µl of each serial concentration was applied on the thorax 
of each individual adult with Arnold Micro-applicator (type 
LV.65. Burkard, UK) as described by Mansoor et al., [21]. 
Each replication contained thirty adults, and a total of 
ninety adults was exposed to each concentration of 
insecticide. Treated adults were provided with artificial diet 
as described earlier. Mortality was assessed 24 h after 
exposure to insecticides. Mortality was determined by 
viewing the adult’s movement and activity of antennae by 
touching. 

2.5. Statistical Analysis 

Mortality ratio of C. carnea was corrected using solvent 
control mortality via the Abbott formula. Concentration-
response data were analyzed with analytical software POLO 
[24]. The log concentration-response curves allowed 
determination of LC50, LC90, Chi-square (χ2) and slopes ± SE 
values for the adult Bioassay according to probit analysis 
[25]. The 95% confidence limits for the range of LC50 values 

were calculated by least-regression analyses against the 
logarithm of insecticide concentration. The lethal 
concentration values were considered similar if their 95% 
confidence limits overlapped [26]. 

3. Results 

Solvent control mortality was lower than 10% at 24 h after 
treatment. The toxicity of insecticides tested are reported in 
Table 1 and 2 and have shown graphically in Figure 1 and 2. 
The LC50 values of acetamiprid, bifenthrin, chlorpyrifos, and 
profenofos for laboratory reared susceptible stain of C. 

carnea were 0.0064, 3.75, 0.067 and 0.052 µl mL-1, and 
LC50 values for field collected strains were 0.096, 34.8, 0.21 
and 0.44, respectively. Toxicity of the test insecticides to C. 

carnea adults form most to least toxic was acetamiprid > 
profenofos > chlorpyrifos > bifenthrin. The 95% confidence 
intervals for chlorpyrifos and profenofos were overlapped, 
suggesting no significant difference in the toxicities of these 
two insecticides to C. carnea adults. 

 

Figure 1. The mortality response of susceptible (G-273) strain of C. carnea after exposure to Acetamiprid, Bifenthrin, Chlorpyrifos, and Profenofos. The 

concentration response line of each population was drawn using a probit linear model y = αx + β in which α and β are the slope and intercept, respectively. x 

is the log-transformation concentration (µl/ml) and y is the percent mortality. 

Table 1. Toxicity of insecticides to the susceptible strain (G-273) of C. carnea. 

Insecticides LC50 (95% CI)|µl mL-1| LC90 (95% CI)|µl mL-1| 
The fit of probit line 

Slope (± SE) df Na χ2 

Acetamiprid 0.0064 (0.004 ± 0.011) 0.059 (0.035 ± 0.1) 1.34 (± 0.12) 6 750 0.98 

Bifenthrin 3.75 (2.49 ± 5.64) 19.39 (12.88 ± 29.62) 1.81 (± 0.09) 5 660 0.97 

Chlorpyrifos 0.067 (0.04 ± 0.11) 0.38 (0.25 ± 0.59) 1.75 (± 0.1) 6 750 0.78 

Profenofos 0.052 (0.04 ± 0.07) 0.22 (0.15 ± 0.31) 2.14 (± 0.08) 6 750 0.87 

a Number of C. carnea individuals used in bioassay and control. 
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Table 2. Toxicity of insecticides to the field collected strain of C. carnea. 

Insecticides LC50 (95% CI)|µl mL-1| LC90 (95% CI)|µl mL-1| 
The fit of probit line 

Slope (± SE) df Na χ2 RRb 

Acetamiprid 0.096 (0.04 ± 0.31) 18.4 (5.72 ± 59.31 ) 0.58 (± 0.3) 6 510 0.79 15 
Bifenthrin 34.8 (25.4 ± 49.9) 130.1 (92.7 ± 182.2) 2.32 (± 0.08) 5 450 0.96 9.28 
Chlorpyrifos 0.21 (0.11 ± 0.36) 2.28 (1.27 ± 4.09) 1.24 (± 0.1) 6 510 0.97 3.13 
Profenofos 0.44 (0.24 ± 0.81) 4.79 (2.64 ± 8.68) 1.25 (± 0.1) 6 510 0.98 8.5 

a Number of C. carnea individuals used in bioassay and control. 
b Resistance ratio, LC50 of the field strains / LC50 of susceptible (G-273) strains 

 

Figure 2. The mortality response of field collected strains of C. carnea after exposure to Acetamiprid, Bifenthrin, Chlorpyrifos, and Profenofos. The 

concentration response line of each population was drawn using a probit linear model y = αx + β in which α and β are the slope and intercept, respectively. x 

is the log-transformation concentration (µl/ml) and y is the percent mortality. 

4. Discussion 

The role of a generalist predator, C. carnea is obvious and 
well known, however, their presence in the field is dependent 
upon the lack of disruption due to different insecticides [21]. 
Therefore, there is a need to study the evolution of 
insecticides resistance in C. carnae, which are regularly used 
for the management of various insect pests. The in-vitro 
studies demonstrated its worth for evaluating the toxicity of 
insecticides on adults C. carnea by providing quantitative 
data with high accuracy and reproducibility and avoiding 
environmental variation [27]. The techniques discussed 
herein demonstrated the effectiveness of a reliable acute 
toxicity assay for laboratory reared adults and their difference 
to the field collected strain. The LC50 values of acetamiprid, 
bifenthrin, chlorpyrifos, and profenofos for laboratory reared 
susceptible strain and field collected strains of C. carnea 

were evaluated. 
Maximum toxicity [(LD50 = 0.0064 (0.004 ± 0.011)] was 

observed in the case of acetamiprid, belong to a new, widely 
used class of insecticide, the neonicotinoids. With identical 

structure to nicotine, they also share agonist activity at 
ionotropic or nicotinic acetylcholine receptors (nAChRs) [28, 
29]. Its toxicity against many insect fauna related to cotton and 
ornamental plants are well established [30]. Its resistance has 
previously been reported in C. carnea at different locations 
(Muzaffargarh; 30.0703o N, 71.1933o E) in Pakistan. 

The toxicity test in the present study evidently proved the 
toxicity of organophosphate insecticides (i.e. profenofos and 
chlorpyrifos) to the C. carnea adults. Non-significant 
difference was found in their toxicity to C. carnea. Percent 
mortality was increased with increase in the concentration of 
these insecticides. Like other organophosphate insecticides, 
chlorpyrifos and profenofos kill targeted insects by inhibiting 
the action of acetylcholinesterase. It is usually responsible for 
degradation of excitatory neurotransmitter, acetylcholine, 
thereby termination of nerve impulse transmission at 
cholinergic synapses [31], which is critical to the functioning 
of the insect nervous system [29, 32]. Once this enzyme is 
inhibited, acetylcholine builds up and insect expire from 
overstimulation of their nervous system [33]. 

However, among the test insecticides, bifenthrin showed 
the least toxicity [LC50 = 3.75 (2.49 ± 5.64)] to C. carnea 
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adults. It is also an insecticide that has been using frequently 
by the cotton growers of Pakistan against insect pests, also 
affects natural enemies [34]. The basic mechanism of 
bifenthrin involves binding to voltage-gated sodium 
channels, important sites for neurotoxic action and modifying 
their kinetics, causing disrupt the normal functioning of 
nerves [35, 36]. 

The results of our studies, where we applied insecticides 
directly onto the field collected strain of C. carnea suggested 
the resistance potential is present in their adults. Resistance 
ratio depicting their folds of resistance to particular 
insecticide. Field collected population has 15 (acetamiprid)-, 
9.28 (bifenthrin)-, 3.13 (chlorpyrifos)-, and 8.5 (profenofos)-
fold more resistance than the susceptible population. 
Although, resistance in insect pest outnumber resistance in 
the natural enemies especially the predators was more than 
twenty to one. This attribute most probably indicates limited 
devotions to resistance in natural enemies as well as 
biological difference among natural enemies and pests [18]. 
It is well documented that the natural enemies develop 
resistance less readily as detoxification enzymes level is 
lower the predators than in pests or because they suffered due 
to food limitation insecticide that severely lessens their host 
or prey [37]. 

Insecticide resistance mainly credited due to either or all of 
these mechanisms viz. metabolic, decrease penetration, target 
site insensitivity and behavioral resistance [38]. Decreased 
penetration and target site insensitivity are less common and 
contribute little for resistance in many cases [39]. Enhanced 
metabolic resistance includes esterases, cytochrome P450 
mono-oxygenase and glutathione enzyme complex [38]. In the 
present study, resistance to the bifenthrin, suggesting the 
involvement of esterases and mono-oxygenases in the C. 

carnea [21, 40]. Previously resistance to pyrethroids mediated 
by mono-oxygenases has been reported in C. carnea [21, 41]. 
While, organophosphate are attacked by about three enzyme 
systems, the polysubstrate monooxygenases (PSMOs), 
carboxylesterases with phosphatase activity and glutathione 
transferases [31]. The latter two invariably detoxify the 
organophosphate by splitting off alkyl or other substituents. 
However, the performance of cytochrome P450 can result in 
activation of phosphorothioates if the P=S is changed to P=O 
by oxidative desulfuration, or in detoxification, the carbon of 
one of the small alkyl substituents is oxidized [42, 43]. 
Likewise, P450 mediated detoxification probably acts a 
substantial part in neonicotinoid (imidachloprid) resistance in 
most of the insects but there would be some secondary 
mechanism involved [44]. 

5. Conclusion 

C. carnea population possesses the resistance potential 
against the test insecticides and could be used as a positive trait 
for the improvement in their survival opportunities in the field. 
This potential may lead C. carnea to higher predation rates and 
fitness advantages as Mansoor et al., [21] reported previously. 
However, the outcome of our studies would be a better 

understanding of insecticide resistance in C. carnea, ultimately 
will allow us to improve the integration of biological and 
chemical tools simultaneously in IPM programs. 
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