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Abstract: Acute toxicity of the field recommended concentration of three 
conventional insecticides (Diazinon, Malathion and Chlorpyrifos) and mineral 
oil was evaluated on 3rd and 4th instar larvae and adults of Cryptolaemus 
montrouzieri Mulsant. The mortalities caused by the insecticides and mineral oil 
were significantly different. Diazinon and Malathion with 100% mortality 
showed the highest toxicity to the different stages of the ladybird. Chlorpyrifos 
and mineral oil caused less than 30% mortality, while mineral oil had the lowest 
harmful effect on this predator. Based on LC50 and LC90 values 24h after 
treatment, the male and female adults of C. montrouzieri were more susceptible 
to Diazinon (701 and 635; 1257 and 1194ppm) than to Chlorpyrifos (4238 and 
4316, 5683 and 5480 ppm). Based on International Organization of Biological 
Control (IOBC) classification, Chlorpyrifos and mineral oil were classified as 
category 1 (harmless) and Diazinon and Malathion were placed in category 4 
(harmful). 
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Introduction12 
 
Predatory coccinellids are biological control 
agents of many pests including whiteflies 
(Aleyrodidae), aphids (Aphididae), mealybugs 
(Pseudococcidae), citrus cushion, scales and mites 
(Fernandez, 2015). Cryptolaemus montrouzieri 
Mulsant (Coleoptera: Coccinellidae) is an 
efficient natural enemy of mealybugs and citrus 
cushion, Pulvinaria aurantii Cockerell and both 
larvae and adults of this predator feed on P. 
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aurantii ovisacs and all developmental stages of 
mealybug (Aghabaglou et al., 2013; Halappa et 
al., 2013). This ladybird is used in most biological 
control programs of the mentioned pests around 
the world (Baskaran et al., 2002; Garcia and 
O'Neill, 2000; Kairoet al., 2013). Unfortunately, 
this predator is very sensitive to insecticides, like 
other natural enemies (Aghabaglou et al., 2013). 
The use of pesticides compatible with biological 
control agents and conservation of these agents 
are useful tools in integrated pest management 
(IPM) (Stark et al., 2004). On the other hand, the 
continuous use of insecticides has harmful effects 
on non-target arthropods because these useful 
species are more sensitive than their prey or host 
(Aghabaglou et al., 2013), which is due to basic 
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ecological differences between them (Saber, 
2001). The use of selective insecticides could 
reduce the adverse effects of these chemicals on 
the natural enemies (Galvan et al., 2005). 

In recent decades, the use of 
organophosphate insecticides has disrupted 
activity of the natural enemies (Fernandez, 
2015). These compounds are the most widely 
used insecticides in the world (Talebi Jahromi, 
2011). Diazinon is a contact phosphate 
compound that is used both in the soil and on 
the plants. This insecticide is used against pests 
such as mites, aphids, etc. (EPA, 2000). 
Chlorpyrifos is a broad-spectrum insecticide 
that has contact, stomach and fumigant effects 
on the pest. It is applied in the soil as well as on 
the aerial parts of plants to control insects in 
alfalfa, cotton, rice, sugar beets, corn farms, 
citrus and fruit orchards (EPA, 2000). 
Malathion is one of the oldest and the most 
commonly used organophosphate insecticides 
that has a contact effect. It is used against pests 
of fruit trees, ornamental plants and 
Mediterranean fruit fly (Ware, 2000). Mineral 
oils are used as insecticides and ovicides to 
control plant pests and ectoparasites such as 
lice, ticks and fleas (Beattie, 2005). 

As noted above, the use of broad-spectrum 
insecticides cause many adverse effects on 
natural enemies (Dehghani et al., 2013). These 
effect include reduction of survival (Galvan et 
al., 2005), fecundity (Papachristos and Milonas, 
2008), searching potency (Moura et al., 2006) 
and nutrition (Singh et al., 2004). Therefore, it 
is imperative to study the effects of pesticides 
on non-target pests and natural enemies (Stark 
et al., 2004). Development of methods and 
techniques used to test the side-effects of 
pesticides on natural enemies of pests began in 
Europe (Almasi et al., 2013). Several 
organizations are active in this field, but the 
primary focus on beneficial insects was by the 
International Organization for Biological 
Control (IOBC). The organization is active in 
identifying pesticides that are compatible with 
biological control. Multiple methods used to 
test the toxicity of pesticides on beneficial 

insects have been designed by the IOBC 
(Hassan et al., 2000). 

Standard bioassay tests have been developed 
to evaluate both lethal and sub-lethal effects of 
pesticides. The organization has proposed three 
types of test, including laboratory, semi-field 
and field tests (Almasi et al., 2013). 
Satyanarayana and Murthy (1991) studied the 
effect of several different pesticides on various 
developmental stages of C. montrouzieri. They 
showed that two compounds, monocrotophos 
and quinalphos were the most toxic to all the 
developmental stages of this predator. Smith 
and Krischik (2000) assessed the direct effect of 
Carbaryl and the microbial insecticide, 
Beauveria bassiana, Balsamo-Criv, Azatin 
(formulated from neem), insecticidal soap and 
horticultural oil on C. montrouzieri. Carbaryl 
had more adverse effects on the predator 
compared to the other compounds, while B. 
bassiana and insecticidal soap caused mortality 
on predatory ladybird, but Azatin and 
horticultural oil had very little adverse effects 
on adult C. montrouzieri. Khani et al., (2012) 
studied the adverse effects of two insecticides, 
imidacloprid and abamectin on adults of C. 
montrouzieri and showed that imidacloprid had 
higher toxicity for both male and female 
ladybirds compared to Abamectin. 

Despite the potential impact of mineral oil 
along with natural predators to control citrus 
pests, broad-spectrum pesticides are still widely 
used in northern Iran (Damavandian, 2003). 
Thus resulting in the disruption of natural 
enemies and outbreaks of pests such as citrus 
cushion, P. aurantii (Damavandian, 2007). 
Because of the adverse effects of pesticides and 
the impact of mineral oil, identifying 
compounds that have the minimum negative 
impact on the natural enemies of pests is 
necessary to improve integrated pest 
management (IPM). In this study, the toxicity 
of three insecticides, Diazinon, Malathion, 
Chlorpyrifos and different concentrations of 
mineral oil were tested on the third and fourth 
larval stages and adults of C. montrouzieri 
under laboratory conditions to provide a 
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background for implementation of integrated 
management programs. 
 
Materials and Methods 
 
Rearing 
Colony of citrus mealybug, Planococcus citri Risso 
was obtained from Amol Biological Control 
Research Laboratory (Iranian Research Institute of 
Plant Protection). Budded potato tubers were used 
as laboratory host to maintain the citrus mealybug 
colony. Potato tubers (Solanum tuberosum 
Linnaeus) were thoroughly washed and placed for 
25 to 30 days in a dark chamber to bud. Then, the 
citrus mealybug adults were released on the buds. 
Initial colonies of C. montrouzieri (50 pairs) were 
obtained from an insectary in Noor city. It should 
be noted that the emerged adults were visually 
sexed by examination of the first pairs of legs; as in 
males these legs are reddish brown to yellow while 
in females they are black (Pang and Gordon, 
1986).A pair of the ladybirds was placed in each of 
25 plastic Petri dishes with diameter and height of 
9 and 2 cm, respectively. Ovisacs and different 
nymphal stages of citrus mealybugs reared on 
potatoes were used to feed these ladybirds. After 48 
h, the ladybirds were removed from the Petri dishes 
and the laid eggs in the Petri dishes were separated. 
Eggs were inspected every day and after hatching 
(about 4 to 5 days), larvae were removed with a 
soft brush. Because of cannibalism, one larva was 
placed in each Petri dish and fed on the prey. 
Throughout the experiment, prey was replaced 
daily. To get adults, the larvae were allowed to 
develop and pupate. Then, pupae were transferred 
individually to Petri dishes. After adult emergence, 
sex was determined by examining the first pairs of 
legs; in males they are reddish brown to yellow 
while in females they range from grey to black 
(Khani et al., 2012). For bioassay, 3rd and 4th instar 
larvae, males and females of C. montrouzieri were 
used separately. 
 
Bioassay experiments 
In this study the organophosphate insecticides, 
Diazinon EC60% (Gorgan Golsam, Iran), 
chlorpyrifos EC40.8% (Ariashimi, Iran), and 
Malathion EC57% (SabzAvar Pardis, Iran) as well 

as mineral oil EC (Farad, Iran) (degree of 
sulphonation; 92%) were used, because these 
compounds are nowadays applied to control citrus 
pests. First instar larvae were placed into Petri 
dishes (9 cm diameter), and were fed on the 
mealybugs. When they reached the third and fourth 
instar, they were used in bioassay tests. Pupae of C. 
montrouzieri, were placed in Petri dishes (9 cm 
diameter). When the adults emerged, males and 
females were tested separately. Concentrations of 
the used insecticides in this test were 2000 ppm for 
Diazinon, Chlorpyrifos and Malathion and 10000 
and 15000 ppm for mineral oil. It should be noted 
that these concentrations are recommended by the 
experts to control pests of citrus in Mazandaran 
province (north of Iran) (Talebi Jahromi, 2011). 
These experiments were conducted in four 
replications and fifteen individuals were tested in 
each replication. The Petri dishes were transferred 
to a potter tower to conduct spray. Delivery rate of 
each treatment was 1.5 ± 0.01 ml/cm2 at 5 PSI 
pressure. Treated Petri dishes were allowed to dry 
for 1 h. After the drying, mealybugs were added 
into the Petri dishes to feed larvae and transferred 
to growth chamber at 26 ± 1 C, 80 ± 5% RH and a 
photoperiod 16:8 h (L: D). Mortality was 
determined 24 h after treatment. Also, for each of 
the treatment controls only distilled water was 
used. 
 
Determination of LC50 and LC90 of insecticides 
To determine LC50 and LC90 of each insecticide 
on both male and female of C. montrouzieri, first, 
a series of preliminary tests were conducted to 
determine the limit of concentrations. 
Concentrations used in the final test were 100, 
300, 500, 700 and 900 ppm for Diazinon and 
Malathion, 2000, 2300, 2600, 3000 and 3500 ppm 
for Chlorpyrifos and 15000, 18000, 21000, 25000 
and 29000 ppm for mineral oil. Distilled water 
was used as a solvent. Fifteen ladybirds were 
subjected to each treatment. Each Petri dish 
contained five ladybirds. These Petri dishes were 
transferred to the Potter tower to conduct spray. 
The sprayed volume from each treatment was 1.5 
± 0.01 ml/cm2 at 5 PSI pressure. Control plates 
were treated with distilled water. Four replications 
were considered for each treatment.  
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Compounds were classified according to 
IOBC standards. Compounds with a mortality 
lower than 30% were classified in the first 
category (harmless), with a mortality between 
30 to 79% were classified in the second 
category (slightly harmful), between 80 and 
99%-the third category (moderately harmful) 
and Compounds with a mortality more than 
99% were classified in the fourth category 
(harmful) (Stark et al., 2004). 
 
Statistical analysis 
To determine the LC50 and LC90, probit method 
was used and this method was performed by the 
P/ PROBAN program (Van Ark, 1983). In 
addition, if any mortality was observed in the 
control treatment, other treatments’ mortality was 
corrected with Abbott formula (Finney, 1971). 
 
Results 
 
Bioassay experiments 
Results of tests conducted on various 
developmental stages of C. montrouzieri is 

presented in Table 1. Mortalities of the treated 
ladybirds at the recommended concentration of 
the studied compounds were significantly 
different (F = 157.85, df = 19, 60; p < 0.01). 
The results showed that the highest mortality 
(100%) was caused by the two insecticides, 
Diazinon and Malathion 24 h after treatment. 
The lowest mortality in L3, L4 and male adult 
corresponded to a concentration of 10000 
ppm of mineral oil. For mineral oil, the 
mortality was increased as concentration 
increased from 10000 to 15000 ppm. Also, 
the minimum mortality in female occurred at 
concentration of 2000 ppm of Chlorpyrifos. It 
should be noted that females had lower 
sensitivity to Chlorpyrifos than mineral oil. 
For both Chlorpyrifos and mineral oil, adult 
female tended to suffer higher mortality when 
compared with males. Based on IOBC 
classification, the insecticides Diazinon and 
Malathion are classified as category 4 
(harmful) and Chlorpyrifos and mineral oil 
used in both concentrations are classified as 
category 1 (harmless). 

 
Table 1 Mortality rate (± SE) of different developmental stages of Cryptolaemus montrouzieri treated with the recommended 
dose of insecticides and mineral oil, and their ranking based on IOBC classification. 
 

Compound Developmental stage %mortality (Mean ± SE)     IOBC ranking1 

3th instar larvae 100              4 
4th instar larvae 100              4 

Diazinon 
(2000 ppm) 

Adult males 100              4 
 Adult females 100              4 

3th instar larvae 100              4 
4th instar larvae 100              4 

Malathion 
(2000 ppm) 

Adult males 100              4 
 Adult females 100              4 

3th instar larvae 15.11 ± 4.93              1 
4th instar larvae 13.96 ± 2.66              1 

Clorpyrifos 
(2000 ppm) 

Adult males   3.57 ± 2.06              1 
 Adult females   3.70 ± 2.14              1 

3th instar larvae   5.11 ± 3.21              1 
4th instar larvae   3.84 ± 3.84              1 

Mineral oil 
(10000 ppm) 

Adult males   3.57 ± 2.06              1 
 Adult females   7.30 ± 3.15              1 

3th instar larvae 10.11 ± 4.27              1 
4th instar larvae 10.63 ± 2.19              1 
Adult males   5.23 ± 1.74              1 

Mineral oil 
(15000 ppm) 

Adult females   5.63 ± 3.66              1 
1 IOBC ranking of pesticides (1= harmless, 4= harmful). 
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Determination of LC50 and LC90 of insecticides 
The bioassay results of insecticides and mineral 
oil on adult ladybird, C. montrouzieri, are 
shown in Table 2. The lowest mortality of 
males and females by the insecticide 
Chlorpyrifos was caused at concentrations of 
2300 and 2600 ppm, respectively and the 
highest mortality in both males and females 
occurred at 3500 ppm. Comparison of mortality 
caused by different concentrations of this 
insecticide on the male and female adults of C. 
montrouzieri showed that mortality in male and 
female adults increases by increasing the 
concentration. However, mortality caused by 
different concentrations of this insecticide did 
not differ significantly (P ≥ 0.05). Bioassay 
results of Diazinon showed that mortality 
increased in both sexes with increasing 
concentration, except for concentration of 300 
ppm. At the highest concentration (900 ppm), 
the females of C. montrouzieri were more 
sensitive to the insecticide than the males. 
Comparison of the mean mortality caused by 

different concentrations showed that the 
mortality did not differ significantly (P ≥ 0.05). 

As expected, the insecticide Malathion caused 
a very high mortality in both sexes (Table 2). 
Also, mortality of adult ladybirds increased with 
increased concentrations of this insecticide. Three 
concentrations of 500, 700 and 900 ppm gave 
100% mortality in both sexes. Comparison of 
bioassay data showed no significant difference in 
sensitivity of sexes to tested concentrations of 
Malathion. According to the results shown in 
Table 2, all the concentrations of mineral oil 
caused low mortality in both sexes. Also, 
increasing the concentration, did not change 
mortality rate. It should be noted that the 
concentrations of 21000, 25000 and 29000 ppm 
caused only 6.67% mortality in male ladybirds. 
Also, the same trend was observed in females, as 
nearly the same mortality rates were created by 
the four concentrations of 15000, 18000, 21000 
and 25000 ppm. Concentration of 29000 ppm, 
however, caused higher mortality in females 
compared to males. 

 
Table 2 The average mortality rate (± SE) of Cryptolaemus montrouzieri adults caused by different 
concentrations of studied insecticides and mineral oil 24 h after treatment. 
 

%mortality (Mean ± SE) Pesticide Concentration (ppm) 
Male Female 

100   3.33 ± 3.33 1.67 ± 1.67 
300 0 0 
500 26.67 ± 11.55 36.67 ± 11.39 
700 61.67 ± 9.95 58.33 ± 13.83 

Diazinon 

900 61.67 ± 13.43 71.67 ± 11.01 
100 58.33 ± 20.81 36.67 ± 9.99 
300 92.85 ± 7.14 93.33 ± 2.72 
500 100 100 
700 100 100 

Malathion 

900 100 100 
2000 0 0 
2300 0   3.34 ± 1.92 
2600   6.67 ± 2.72   1.67 ± 1.67 
3000 14.99 ± 6.87   3.34 ± 1.92 

Chlorpyrifos 

3500 25.00 ± 11.01 21.67 ± 5.24 
15000   5.00 ± 3.19   6.67 ± 4.71 
18000   5.00 ± 3.19   6.67 ± 4.71 
21000   6.67 ± 6.67   6.67 ± 1.67 
25000   6.67 ± 2.72   6.67 ± 2.72 

Mineral oil 

29000   6.67 ± 2.72 20.00 ± 7.85 
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Probit analysis results and the LC50 and LC90 
values of insecticides for adults of C. 
montrouzieri are presented in Table 3. 
According to the results, the males were more 
sensitive than the females to Chlorpyrifos. 
While, for insecticide Diazinon, the females 
were more sensitive than males to both the 
lethal concentrations. Based on the LC50 and 
LC90 values 24hours after treatment, the males 
and females of C. montrouzieri are more 
sensitive to Diazinon compared with 

Chlorpyrifos. It should be noted that due to the 
high mortality caused at low concentrations of 
Malathion and the low mortality caused by 
mineral oil even at high concentrations, 
calculating LC50 and LC90 of these compounds 
was not feasible. The test for fit of line 
(parallelism) by P/ PROBAN software showed 
that the hypothesis of parallelism was not 
rejected and the lines had slopes that were not 
significantly different (Χ2 = 5.42, df = 3, tail p 
= 0.142, p > 0.05). 

 
Table 3 The probit analysis results of insecticides chlorpyrifos and diazinon on Cryptolaemus montrouzieri 24h 
after treatment. 
 

Insecticide Sex n Slope ± SE LC50 (ppm) 
(95% CI) 

LC90 (ppm) 
(95% CI) 

Male 360 0.89 ± 0.32 4238 
(3736-6981) 

5683 
(4606-11929) 

Chlorpyrifos 

Female 360 1.00 ± 0.32 4316 
(3847-5898) 

5480 
(4610-8551) 

Male 360 2.31 ± 0.37 701 
(627-794) 

1257 
(1091-1560) 

Diazinon 

Female 360 2.29 ± 0.59 635 
(512-718) 

1194 
(1012-1727) 

CI: Confidence intervals. 
 
Discussion 
 
The use of insecticides compatible to biological 
control agents is a useful tool in IPM programs 
(Stark and Banks, 2003), because selective 
application of insecticides can reduce adverse 
effects of pesticides on natural enemies (Galvan 
et al., 2005). In this study, it was found that the 
two insecticides Diazinon and Malathion at 
proposed concentration (2000 ppm) caused 
100% mortality to each of the life stages, L3, L4 
and adults (male and female) of C. 
montrouzieri. Thus, the use of Diazinon and or 
Malathion causes high mortality to this natural 
enemy of mealybug which may result in 
outbreak of this pest and other pests such as 
scales, citrus cushion and aphids (Dalci et al., 
2011). The higher toxicity of diazinon on 
natural enemies, in comparison with other 
compounds, has been proven in other 
investigations. For example, Aghabaglou et al., 
(2012) showed that Diazinon was more 
toxictoL4 and adults of C. montrouzieri than 
Imidacloprid. Their results showed that 

diazinon at a concentration of 1000 ppm caused 
57% mortality on female which according to 
IOBC classification was classified as category 3 
(moderately harmful). The difference observed 
in the results of these researchers with those of 
this study is because of different concentrations 
studied (1000 and 2000 ppm). Diazinon, 
besides direct effects, also had negative effects 
on C. montrouzieri upto indirect contact. 
Results of the mentioned researchers showed 
that indirect contact of Diazinon with female of 
this predator has caused 75% mortality and 
according to the IOBC was classified as 
category 4 (harmful), which is in agreement 
with the results of this study. Aghabaglou et al., 
(2013) reported that the lethal concentration of 
1000 ppm of Diazinon caused 50% mortality to 
the eggs of C. montrouzieri. Also, the percent 
hatching of eggs treated with sub-lethal 
concentration of 500 ppm of this insecticide 
was only 65%. Alvandy et al., (2013) showed 
that Diazinon affects developmental stages, 
reproductive and population growth parameters 
of C. montrouzieri and reduces the number of 
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eggs laid and the oviposition period. James and 
Coyle (2001) stated that Diazinon has high 
toxicity on Harmonia axyridis Pallas and causes 
high mortality of 66-100%. 

The results of Gabor et al., (2015) showed 
that the insecticide Malathion has caused high 
mortality in the population of Coccinella 
undecimpunctata Linnaeus and Chrysoperla 
carnea Stephens with an average of 96% and 
77% respectively, and was classified as 
category 4 (harmful), which is in agreement 
with the results of this study. Also, Ghadamiary 
and Talebi Jahromi (2002), in a study 
conducted on the side effects of four types of 
pesticides on the predator Orius albidipennis 
Reuter, found that according to the IOBC, 
Malathion with 100% mortality would be 
placed in category 4 (harmful). This result is 
consistent with the findings of this study. 

The results of tests carried out by insecticide 
Chlorpyrifos showed that the highest rate of 
mortality in response to exposure to 
Chlorpyrifos was recorded for the third larval 
instar, followed by the fourth larval instar. 
Adult males and females experienced low 
mortality when exposed to the recommended 
dose of Chlorpyrifos. According to our 
research, Chlorpyrifos had lower toxicity than 
the other two chemicals on larvae and adults of 
this ladybird which is in agreement with the 
results of Satanarayana and Moretti (1991). 
These researchers showed that the two 
compounds Monocrotophos and quinalphos 
have higher toxicity than Chlorpyrifos on all 
biological stages of C. montrouzieri. Besides 
direct lethal effects, this insecticide has indirect 
undesirable effects on natural enemies. Also, 
sub-lethal effects of Chlorpyrifos have been 
examined in various studies, and indicate that 
sub-lethal concentrations of Chlorpyrifos cause 
negative effects such as increased duration of 
larval and pupal periods and decreased weight 
of pupae. These effects were also obvious in 
low concentrations (a quarter of concentration 
recommended) (Mostafaloo et al., 2012a). So, 
when using this insecticide, in addition to lethal 
concentration, sub-lethal effects on natural 
enemies should also be noted. Pasqualini and 

Civolani (2003) reported that Chlorpyrifos 
causes mortality between 40-63% on the 
coccinellids Oenopia conglobata Linnaeus, 
Adalia bipunctata Linnaeus and C. 
septempunctata. Al-Doghairi et al., (2004) 
stated that insecticide Chlorpyrifos was highly 
toxic to the ladybird Adonia variegate Goeze at 
dosages of half, one and two-folds of the 
recommended, where percent mortality caused 
by this compound was between 46-55%. 
Thomson (2012) reported that according to the 
IOBC, impact of organophosphate insecticides 
Chlorpyrifos, Diazinon and Malathion to 
predatory ladybirds and bugs were classified as 
categories 3 (moderately harmful) and 4 
(harmful), respectively, that is consistent with 
the results of this study. 

Comparison of percent mortality caused by 
high concentrations of mineral oil showed that 
fourth instar larvae and male of C. montrouzieri 
had the highest and lowest sensitivity to this 
compound, respectively. Results of Ranjbar and 
Heidari (2010) were Similar to our results. 
They showed that according to the IOBC, 
concentration of 5000 ppm of mineral oil on 1st 
instar larvae and adults of ladybird Chilocorus 
bipustulatus Linnaeus was classified as 
category 1 (harmless). Smith and Krischik 
(2000) reported that insecticide Carbaryl is 
highly toxic to C. montrouzieri. Also, they 
stated that microbial insecticide B. bassiana 
caused mortality on this predator, but mineral 
oil caused far less mortality than other 
compounds that is in agreement with results of 
this study. Contreras et al., (2005) reported that 
based on IOBC classification, effect of mineral 
oil to C. carnea and Chrysoperla externa 
Hagen was classified as category 1. These 
results also are consistent with the findings of 
our study. Gardner-Gee et al., (2013) studied 
side effects of mineral oil on C. carnea and C. 
septempunctata. Based on the results obtained, 
they placed this compound in the category 1. 

One of the new approaches used to control 
pests is integration of release of natural enemies 
and the use of harmless pesticides. Many 
information is not readily available about 
mixing pesticides and their effect on natural 
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enemies, but Mostafaloo et al., (2012b) stated 
that mixing Chlorpyrifos and mineral oil to 
control citrus mealybug intensified the negative 
effects of these compounds on survival and 
development of ladybird. Therefore, before 
mixing pesticides, the side effects of such 
mixtures on natural enemies must be studied, 
because the success of the biological control in 
an IPM program depends mainly on the correct 
selection of insecticides that would be harmless 
to natural enemies of pests. Based on the results 
of this study and mineral oil being harmless on 
ladybird C. montrouzieri, it is suggested that 
mineral oil and release of C. montrouzieri can 
simultaneously be used to control citrus 
mealybug. 
 
Acknowledgements 
 
Hereby, we sincerely thank Plant Protection 
Department of Sari University of Agricultural 
Sciences and Natural Resources for procuring 
laboratory facilities and equipment, staff of 
Amol Biological Control Research Laboratory, 
colleague of Noor Plant Protection office and, 
Mr. Safarpoor for guidance and advice in 
performance of this study. 
 
References 
 
Aghabaglou, S., Alvandt, S., Goldasteh, S. and 

Rafiei Karharoudi, Z. 2013. Study on 
ovicidal and side effects of diazinon and 
imidacloprid on Cryptolaemus montrouzieri 
Mulsant (Coleoptera: Coccinellidae). 
Journal of Entomology and Zoology Studies, 
1: 22-26. 

Aghabaglou, S., Goldasteh, S. and Rafiei 
Karahroudi, Z. 2012. Study on lethal effects 
of diazinon and imidacloprid on fourth instar 
larvae and adult Cryptolaemus montrouzieri 
Mulsant (Coleoptera: Coccinellidae) under 
laboratory condition. Journal of the 
Entomological Research Society, 4: 11-23. 

Al-Doghairi, M. A., Al-Rehiayani, S., Osman, 
K. A. and Elhag, E. A. 2004. Residual 
effects of some conventional and biorational 
pesticides on ladybird beetle, Adonia 

variegate Goeze. Pakistan Journal of 
Biological Sciences, 7: 130-133. 

Almasi, A., Sabahi, Q., Talebi, K. and Mardani, 
A. 2013. Laboratory evaluation of the 
toxicity of Proteus, pymetrozine, 
deltamethrin, and pirimicarb on ladybeetle 
Hippodamia variegate (Goeze) (Coleoptera: 
Coccinellidae). Journal of Plant Protection 
Research, 53: 143-147. 

Alvandy, S., Aghabaglou, S., Goldasteh, S. and 
Rafiei Karahroudi, Z. 2013. Study on side 
effects of diazinon and imidacloprid on 
Cryptolaemus montrouzieri Mulsant 
(Coleoptera: Coccinellidae) under laboratory 
conditions in indirect method in first and 
second generation (prey treated with 
insecticide). Journal of Entomology and 
Zoology Studies, 1: 78-80. 

Baskaran, R. K. M., Srinivasan, T. R. and 
Mahadeven, N. R. 2002. Life table of 
Australian ladybird beetle, Cryptolaemus 
montrouzieri Mul. feeding on mealybug, 
Maconellicoccus hirsutus and Dactylopius 
tomentosus. Indian Journal of Agricultural 
Sciences, 72: 54-56. 

Beattie, A. 2005. Using petroleum-based spray 
oil in citrus. Agfact H2AE5: 1-7. 

Contreras, G., Medina, P. and Viñuela, E. 2005. 
Influence of the treated media on the 
residual toxicity of several insecticides to 
Chrysoperla carnea and Chrysoperla 
externa in laboratory. Proceeding of the 
Meeting of Pesticides and Beneficial 
Organisms; September 27-30, 2005. IOBC 
WPRSWG, Dębe. Poland. 

Dalci, K., Özsisli, T. and Işikber, A. A. 2011. 
The effect of commonly used insecticides, 
cypermethrin and diazinon active 
ingredients on different types of behavioural 
activities of Coccinella septempunctata 
Linnaeus, 1758 (Coleoptera: Coccinellidae) 
and Aphidius uzbekistanicus Luzhetzki, 
1960 (Hymenoptera: Aphidiidae). Turkish 
Journal of Entomology, 35: 31-45. 

Damavandian, M. R. 2003. Laboratory bioassay 
to screen (LC90and LC50) mineral oils 
against citrus wax scale Ceroplastes 
floridensis Comstock, 2nd instar. Journal of 



Saedi et al. _______________________________________________________ J. Crop Prot. (2018) Vol. 7 (1) 

9 

Agricultural Sciences and Natural Resources 
of Khazar, 3: 64-71. (In Persian with English 
summary). 

Damavandian, M. R. 2007. Laboratory and field 
evaluation of mineral oil spray for the 
control of citrus red mite, Panonychus citri 
McGregor. Acta Agriculturae Scandinavica, 
Section B - Soil & Plant Science, 57: 92-96. 

Dehghani, R., Limoei, M. and Zarghi, I. 2013. 
Evaluation of harmful effects of pesticides 
according to resistance problem in 
arthropods with sanitary importance. 
Scientific Journal of Kurdistan University of 
Medical Sciences, 7: 84-100. (In Persian 
with English summary). 

EPA. 2000. Pesticide Industry Sales and Usage: 
2000 and 2001 Market Estimates. U. S. 
Environmental Protection Agency, 
http://www.epa.gov/oppbead1/pestsales/inde
x. htm. 

Fernandez, L. 2015. Lethal and sub-lethal 
effects of pesticides used in eastern United 
States orchards on Hippodamia convergens. 
PhD Thesis, University of California, 
Berkeley, USA, 75 p. 

Finney, D. J. 1971. Probit Analysis. Cambridge 
University Press, London, 333 pp. 

Galvan, T. L., Koch, R. L. and Hutchison, W. 
D. 2005. Toxicity of commonly used 
insecticides in sweet corn and soybean to 
multicolored Asian lady beetle (Coleoptera: 
Coccinellidae). Journal of Economic 
Entomology, 98: 780–789. 

Garcia, J. F., O’Neil, R. J. 2000. Effect of 
coleus size and variegation on attack rates, 
searching strategy and selected life history 
characteristic of Cryptolaemus montrouzieri 
(Coleoptera: Coccinellidae). Journal of 
Biological Control, 18: 225-234. 

Gardner-Gee, R., Puketapu, A., Macdonald, F. 
and Connolly, P. 2013. Effect of selected 
oils and insecticides on beneficial insect 
species. Plant & Food Research, Auckland, 
84: 1-24. 

Ghadamiary, M. and TalebiJahromi, K. H. 
2002. A laboratory investigation of the side 
effects of four pesticides on predatory bug, 
Orius albidipennis Reut. (Heteroptera: 

Anthocoridae). Iranian Journal of 
Agricultural Sciences, 33: 651-659. (In 
Persian with English summary) 

Halappa, B., Awaknavar, J. S., Archana, D., 
Bandi, S. and Arun Kumar, G. S. 2013. 
Laboratory evaluation of insecticides against 
Australian beetle, Cryptolaemus montrouzieri 
Mulsant (Coleoptera:Coccinellidae). Current 
Biotica, 7: 196-201. 

Hassan, S. A., Halsall, N., Gray, A. P., Kuehner, 
C., Moll, M., Bakker, F. M., Roembke, J., 
Yousef, A., Nasr, F. and Abdelgader, H. 
2000. Laboratory method to evaluate the side 
effects of plant protection products on 
Trichogramma caoeciae Marchal 
(Hymenoptera: Trichogrammatidae). In: 
Candolfi, M. P., Blumel, S., Forster, R., 
Bakker, F. M., Grimm, C., Hassan, S. A., 
Heimbach, U., Mead-Briggs, M. A., Reber, 
B., Schmuck, R. and Voght, H. (Eds) 
Guidelines to Evaluate Side Effects of Plant 
Protection Products to Non-target 
Arthropods. IOBC/WPRS, Gent, pp 107-119. 

James, D. G. and Coyle, J. 2001. Which 
pesticides are safe to beneficial insects and 
mites? Agrichem Environment News, 178: 
12-14.  

Kairo, M. T. K., Paraiso, O., Gautam, R. D. and 
Peterkin, D. D. 2013. Cryptolaemus 
montrouzieri (Mulsant) (Coccinellidae: 
Scymninae): a review of biology, ecology, 
and use in biological control with particular 
reference to potential impact on non-target 
organisms. CAB Review, 8: 1-20. 

Khani, A., Ahmadi, F. and Ghadamyari, M. 
2012. Side effects of imidacloprid and 
abamectin on the mealybug destroyer 
Cryptolaemus montrouzieri. Trakia Journal 
of Sciences, 10: 30-35. 

Mostafaloo, V., Afshari, A., Yazdanian, M. and 
Sarailoo, M. H. 2012a. Effects of 
chlorpyrifos and abamectin on development 
of the immature stages of Cryptolaemus 
montrouzieri Mulsant (Coleoptera: 
Coccinellidae). Plant Pests Research, 2: 39-
47. (In Persian with English summary). 

Mostafaloo, V., Afshari, A., Yazdanian, M. and 
Sarailoo, M. H. 2012b. Effects of 



Toxicity of some organophosphates on ladybird________________________________________ J. Crop Prot.  

10 

chlorpyrifos and abamectin on survival and 
fecundity of the adult Cryptolaemus 
montrouzieri Mulsant (Coleoptera: 
Coccinellidae). Journal of Entomological 
Research, 5: 133-147 (In Persian with 
English summary). 

Moura, R., Garcia, P., Cabral, S. andSoares, A. 
O. 2006. Does Pirimicarb affect the 
voracity ofthe Euriphagous predator, 
Coccinella undesempunctata L. 
(Coleoptera: Coccinellidae)? Biological 
Control, 38: 363-368. 

Pang, X. and Gordon, R. D. 1986. The 
Scyminin Coleoptera: Coccinellidae of 
China. Coleopteristis Bulletin, 40: 157-199 

Papachristos, D. P. And Milonas, P. G. 2008. 
Adverse effects of soil applied insecticides 
on the predatory coccinellid Hippodamia 
undecimnotata (Coleoptera: Coccinellidae). 
Biological Control, 47: 77-81. 

Pasqualini, E. and Civolani, S. 2003. Studies 
on side effects of some insecticides on 
aphid-feeding Coccinellidae in Emilia-
Romagna fruit crops. Pesticides & 
Beneficial Organisms IOBC/WPRS 
Bulletin, 26: 51-55. 

Ranjbar, S. and Heidari, A. 2010. Study on the 
efficiency of different oil spraying 
techniques in controlling of Aonidiella 
orientalis and side effect of volkoil on 
ladybird Chilocorus bipustulatus L. 
Proceeding of the congress on half a century 
of the pesticide usage in Iran, 2-3 March 
2010. Iran Research Institute of Plant 
Protection,Tehran, Iran. 

Saber, M. 2001. Sublethal effects of fenitrothion 
and detamethrin on life table parameters of 
parasitoid insects Trissolcus grandis and T. 
Semistriatus. PhD thesis, TarbiatModarres 
University, Tehran, Iran, 142 pp. 

Satyanarayana, J. and Murthy, M. S. 1991. 
Screening of pesticides against 
Cryptolaemus montrouzieri Mulsant. Indian 
Journal of Entomology, 53: 108-114.  

Singh, S. R., Walters, K. F. A., Port, G. R. and 
Northing, P. 2004. Consumption rates and 
predatory activity of adult and fourth instar 
larvae of the seven spot ladybirds, Coccinella 
septempunctata (L.), following contact with 
dimethoate residue and contaminated prey 
inlaboratory arenas. Biological Control, 30: 
127-133. 

Smith, S. F. and Krischik, V. A. 2000. Effects 
of biorational pesticides on four coccinellid 
species (Coleoptera: Coccinellidae) having 
potential as biological control agents in 
interiorscapes. Journal of Economic 
Entomology, 93: 732-736. 

Stark, J. D. and Banks, E. 2003. Population 
level effects of pesticides and other toxicants 
on arthropods. Annual Review of 
Entomology, 48: 505-519. 

Stark, J. D., Banks, J. E. and Acheampong, S. 
2004. Estimating susceptibility of biological 
control agents to pesticides: influence of life 
history strategies and population structure. 
Journal of Biological Control, 29: 392-398. 

Talebi Jahromi, K. H. 2011. Pesticides 
Toxicology. University of Tehran Press, 
Tehran, 508 pp. 

Thomson, L. 2012. Pesticide impacts on 
beneficial species. Grape and Wine Research 
and Development Corporation, 5: 1-7. 

Van Ark, H. 1983. Introduction to Probit Analysis 
with (LSTATS) P/PROBAN. Science Bulletin 
of Department of Agriculture, Republic of 
South Africa, 33 pp. 

Ware, G. W. 2000. The Pesticide Book. 
Thomson Publications, Fresno, California, 
418 pp. 

 



Saedi et al. _______________________________________________________ J. Crop Prot. (2018) Vol. 7 (1) 

11 

روغن معدنی، دیازینون، مالاتیون و کلرپایریفوس روي کفشدوزك  یتسمارزیابی آزمایشگاهی 
Cryptolaemus montrouzieri Mulsant (Col.: Coccinellidae)  

  
  2لوت دادپور مغانهم و *1رضا دماوندیان، محمد1سلیمه ساعدي

  
 .، ایران ساريعلوم زراعی، دانشگاه علوم کشاورزي و منابع طبیعیپزشکی، دانشکده گروه گیاه - 1
  .پزشکی ایران، سازمان تحقیقات، آموزش و ترویج کشاورزي، تهران، ایرانسسه تحقیقات گیاهؤم - 2

  m.r.damavandian@gmail.com :مسئول مکاتبه نویسنده الکترونیکی پست* 
  1396 آذر 14: ؛ پذیرش1396 اردیبهشت 26: دریافت

  
دیازینون، مالاتیون و (کش رایج  اي سه حشره هاي توصیه شده مزرعه یت حاد غلظتسم: چکیده

 Cryptolaemusو روغن معدنی روي سنین سوم و چهارم لاروي و حشره بالغ) کلرپایریفوس

montrouzieri Mulsantها و روغن  کش میر ایجاد شده توسط حشره و مرگ.  مورد ارزیابی قرار گرفت
یت سم درصدي بالاترین 100میر  و دیازینون و مالاتیون با مرگ. داري متفاوت بودند طور معنیی بهمعدن

تر میر کم و کلرپایریفوس و روغن معدنی مرگ. را نسبت به مراحل مختلف رشدي کفشدوزك نشان دادند
براساس . ترین اثر مضر را بر این شکارگر داشتکه روغن معدنی کم درصد را موجب شدند، درحالی30از 

 701( به دیازینون C. motrouzieri ساعت پس از تیمار، حشرات بالغ نر و ماده LC90 24 و LC50مقادیر 
. بودندتر  حساس) 5480 و 5683، 4316 و 4238(نسبت به کلرپایریفوس ) 1194 و 1257، 635و 

عنوان دنی به، کلرپایریفوس و روغن مع)IOBC(المللی کنترل بیولوژیکی  بندي سازمان بین براساس طبقه
  .قرار گرفتند) خطرناك(بندي شدند و دیازینون و مالاتیون در دسته چهار  طبقه) خطر بی(دسته یک 

  
،  اورگانوفسفرهکش ه، حشرCryptolaemus montrouzieriسنجی،  حاد، زیستیت سم :واژگان کلیدي

  روغن معدنی


