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ARTICLE INFO 

 
ABSTRACT- The most important coccinellid predator in pistachio orchards, feeding on 

aphids and psyllids, is Oenopia conglobata contaminata L. (Coleoptera: Coccinellidae). 

The aim of the present research was to evaluate the effects of a range of cold storage 

temperatures (4, 8 and 12ºC) in a seven-day cold storage period on some biological 

parameters of the newly emerged adults of O. conglobata contaminata reared on non-

prey food. The replicates were 100, 32 and 30 one-day old adults for 4, 8 and 12ºC, 

respectively. Each couple of the coccinellids was put into an experimental unit and 

incubated at 26±1, 60±5% RH and a photoperiod of 16L:8D till death and some 

biological parameters of the beetle were estimated. The results elucidated that the percent 

vitality and longevity of the adults markedly increased at 12 and 8°C, respectively. In 

addition, the longest oviposition and post-oviposition periods were observed at 8°C. The 

total fecundity and fertility of females significantly had the maximum values at 8°C. 

Moreover, the number of egg clusters and days in which the oviposition happened 

significantly elevated at 8°C. The survival rate of the adult coccinellids declined after a 

seven-day cold storage at 4 and 12°C compared to that obtained at 8°C. The results 

highlighted the positive effects of the suitable cold temperature (8°C) on the storage of 

the efficient predator to improve long distance shipment. It could help to enhance the 

cold storage efficacy and quality of the predator reared to release for biological control 

programs.  
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INTRODUCTION 

 

The common pistachio psylla, Agonoscena pistaciae 

Burckhardt and Lauterer (Hemiptera: Psyllidae) is 

known as an important pest of pistachio trees in Iran and 

accordingly, to control the pest, several chemical 

insecticides have been applied (Bemani et al., 2016). An 

alternative method to suppress insect pests is applying 

biological control programs that are safe for the 

environment and non-target organisms. It has been 

reported that the effective agents of biological control 

like predatory lady beetles have been reared and 

released in different ecosystems (Mehrnejad and Jalali, 

2004; Jacas and Urbaneja, 2010). 

The most common and important coccinellid 

predator, feeding on aphids and psyllids, especially, the 

common pistachio psylla, A. pistaciae, in pistachio 

orchards in Iran as well as some other countries such as 

Russia, Germany and Turkey was Oenopia conglobata 

contaminata L. (Coleoptera: Coccinellidae) (Hodek et 

al., 2012; Kabiri Raeis Abbad and Amiri Besheli, 2012; 

Salehi Pourani et al., 2019). Nevertheless, having 

knowledge on the ecology of the predatory beetle 

(Lumbierres et al., 2018) and the effects of some biotic 

or abiotic factors on the lady beetle are rare compared to 

other known predators. 

Since mass production was an essential phase in 

biological control methods (Salehi Pourani et al., 2019), 

cold storage could construct favorable conditions in 

which a sufficient number of biological control agents 

were produced (Liu et al., 2014) and then stored until 

the time they are needed (Ayvaz et al. 2008). 

Salehi Pourani et al. (2019) showed that the adults of 

O. conglobata contaminata were resistant to the 

temperatures below zero while their eggs were 

vulnerable to this thermal range. Therefore, it was 

shown that the maximum survivorship of the adults was 

42.50% for 24 h at - 4 ºC (Salehi Pourani et al., 2019). 

In another study, Koch et al. (2004) determined the 

supercooling points for the different developmental 

stages of the predatory beetle, Harmonia axyridis 

(Pallas) (Coleoptera: Coccinellidae) and also proved 

that temperatures below the supercooling point resulted 

in increased mortality. Maes et al. (2012) presented that 

the mirid predator Macrolophus pygmaeus Rambur 

(Hemiptera: Miridae) adapted to low temperatures 
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might be tolerant to freezing climate when the bug was 

released for biological control. 

Additionally, there were several pieces of evidence 

for other natural enemies like parasitoids. For example, 

the impact of cold storage on the efficiency of 

Tetrastichus brontispae (Ferriere) (Hymenoptera: 

Eulophidae) parasitizing Brontispa longissima (Gestro) 

(Coleoptera: Chrysomelidae) was tested and exhibited 

that the optimum temperature for the storage of 

parasitized pupae was 10 °C for 10 days (Liu et al., 

2014). Moreover, a previous study demonstrated that 

cold temperature (4 ºC) had adverse effects on the 

female behavior and fecundity of the egg parasitoid, 

Anaphes victus Huber (Hymenoptera: Mymaridae) (van 

Baaren et al., 2005). Tunca et al. (2014) also 

demonstrated that the development time of the larval 

parasitoid Venturia canescens (Gravenhorst) 

(Hymenoptera: Ichneumonidae) prolonged at low 

storage temperature and the eclosion (emerging from 

the pupal case) rate conversely declined with the 

exception of 10 °C that was reported as an appropriate 

temperature.  

There has been limited knowledge and information 

on the effects of cold storage on survivorship, longevity 

and the reproductive performance of the predatory lady 

beetle, O. conglobata contaminata fed on eggs of 

Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) 

mixed with artificial diet. The only cold hardiness 

investigation of this predator was previously conducted 

by Salehi Pourani et al. (2019) at 0, -3, -5 and -7 ºC. 

Therefore, the present study aimed to evaluate the 

effects of a range of cold storage temperatures (4, 8 and 

12ºC) on some biological parameters of the predatory 

coccinellid reared on non-prey food under laboratory 

conditions and to discover the optimal temperature for 

cold storage. The obtained information is novel and will 

be applicable for this predator mass rearing prior to 

release. 

 

MATERIALS AND METHODS 

 

Rearing of O. conglobata contaminata 

The initial population of the predator was collected from 

the pistachio orchard of the Shahid Bahonar University 

of Kerman (Kerman province, Iran). Afterwards, the 

coccinellid adults were identified and then transferred to 

the laboratory. Accordingly, they were reared on a 

mixture of E. kuehniella eggs and lyophilized diet (ad 

libitum) including ground beef (100 g), hen liver (100 

g), egg yolk (10 g) and sucrose solution 5% (12 ml) (De 

Clercq et al., 1998) and bee pollen (Hassani et al., 2019) 

for one generation. Subsequently, E. kuehniella was 

derived from a culture maintained at Shahid Bahonar 

University of Kerman. The Mediterranean flour moth was 

then reared on a mixture of flour and bran (2:1) diet under 

laboratory conditions (27±1°C, 60±5% RH, 16L: 8D). 

Thereafter, 30 mg of E. kuehniella eggs were dispersed 

into 1.5 kg of the previously-prepared mixture. The adults 

were collected using an aspirator and then transferred to 

plastic egg-laying containers with white papers at the 

bottom. Eggs were also taken from these containers. The 

collected eggs were stored for feeding O. conglobata 

contaminata at -18 ºC (Mamay and Mutlu, 2019). 

The predators were kept on a filter paper in a plastic 

container (40 × 10 × 20 cm). As well, a rectangular hole 

(10 × 5 cm) was created on the one side of the plastic 

container covered with a fine mesh net for the ventilation 

process (26 ± 1 ºC, 60 ± 5 % RH and a photoperiod of 

16L: 8D). To prepare the optimum conditions for the adult 

oviposition, some strips of tissue papers attached to net 

were suspended from the container lid.    

The egg clusters laid in the containers were transferred 

to Petri dishes (9 cm in diameter) covered with filter papers 

until the eggs hatched (26 ± 1 ºC, 60 ± 5 % RH and a 

photoperiod of 16L: 8D). Next, a hole (4 cm in diameter) 

was made on each Petri dish lid covered with a fine mesh 

net for the ventilation process. The larvae were provisioned 

with the diet described above along with a cotton ball 

soaked into a three % sucrose solution (Bonte et al., 2010). 

Afterward, the emerged adults were transferred to the 

plastic containers described above for mass rearing. 

 

Effect of Cold Storage on Some Biological 

Characteristics of O. conglobata contaminata 

To conduct the experiment, new emerged (1-day old) 

adults were used. A Petri dish (9 cm in diameter) was 

applied as an experimental unit lined with a filter paper and 

a hole (4 cm in diameter) on its lid covered with a fine 

mesh net for ventilation.  

Before storage, newly emerged adults were acclimated 

for one day at 12 °C according to the study by Sun et al. 

(2019) with some modifications. Thereafter, one hundred 

1-day old adults (male and female) were separately put in 

each Petri dish and then exposed to 4 ºC for seven days 

(i.e., each adult was put in each Petri dish). Likewise, the 

experiment was carried out at 8 ºC (32 1-day old adults) 

and 12 ºC (30 1-day old adults) (Tian et al., 2020). After 

seven days, the dead beetles were recorded and the alive 

adults were transferred into the plastic container described 

above for mating and finally provisioned with the above-

mentioned diet.  

Subsequently, each couple of insects was put into an 

experimental unit and then incubated at 26 ± 1 ºC, 60 ± 5 

% RH and a photoperiod of 16L: 8D until death. A piece of 

tissue paper was used as a shelter for the predator in each 

Petri dish. The couples were provisioned with the above-

mentioned diet. Each Petri dish was daily checked and 

some biological parameters of the predatory lady beetle, O. 

conglobata contaminata including longevity, pre-

oviposition period (from the beetle eclosion until the 

occurrence of the first oviposition event), oviposition 

period, fecundity and survival rate were estimated. 

Moreover, the number of egg clusters, the number of eggs 

in each cluster and the percent hatching of the coccinellid 

eggs were calculated.  

 

Statistical Analysis 

The data were computed using the analysis of variance 

(ANOVA) (SAS, 1989) and the means were compared 

using Tukey's test at a significant level of 5 %. The 

percentages of adult vitality and hatched eggs were arcsine 

square-root transferred before performing the statistical 
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analysis. The biological parameters were calculated using 

the following formulas: 

          (1) (Sun et al., 2019). 

where Lx was survival rate; Nx and Nt were the 

number of individuals in a certain time and the total 

number of individuals in the first day, respectively. 

            (2) 

where V was percent vitality; Nt and N0 were the 

number of alive individuals after cold storage treatment 

and the total number of individuals before the cold storage 

treatment, respectively. 

        (3) 

where N was the number of eggs laid during the 

oviposition period; nt and d were the total number of eggs 

laid and the days in which the oviposition happened, 

respectively. 

            (4) (Sun et al., 2019) 

where H was percent egg hatching; nh and nt were the 

number of hatched eggs and the total number of laid eggs, 

respectively. 

 

RESULTS  

 

The impacts of cold storage on some biological properties 

of the predatory lady beetle, O. conglobata contaminata 

were examined at some temperatures including 4, 8 and 12 

°C. Correspondingly, the findings showed that the different 

temperatures of cold storage had significant effects on the 

percent vitality (F2, 36=3.04, P<0.05) and longevity (F2, 

112=24.25, P<0.05) of the adult predator (Table 1). 

Therefore, the percent vitality and longevity of the adults 

significantly increased at 12 and 8 °C, respectively. 

According to Table 2, the reproductive parameters of 

the predatory coccinellid, O. conglobata contaminata 

including the pre-oviposition, oviposition, post-oviposition 

period and oviposition rate were found to be significantly 

affected by different temperatures of cold storage. The pre-

oviposition period was prolonged at 12 °C and 

significantly differed from 4 °C (F2, 46=5.12, P<0.05). 

However, no significant difference was found in the pre-

oviposition period between 8 and 12 °C as well as between 

the 4 and 8 °C.  

The longest oviposition and post-oviposition periods 

were observed at 8 °C which noticeably differed from 

those of 4 and 12 °C (F2, 46=6.73, P<0.05). The 

maximum oviposition rate of O. conglobata contaminata 

was significantly higher at 4 °C compared to the rates at 

other temperatures (F2, 49=7.72, P<0.05). 

The total fecundity (F2, 49=11.32, P<0.05) and 

fertility of females (F2, 49=5.81, P<0.05) had the 

maximum significant values when the predatory 

adults were exposed to 8 °C and the highest daily 

fertility was observed at 4 °C compared to other 

temperatures (Table 3). Nevertheless, there was no 

considerable variation for the mean eggs laid during 

the oviposition period per day between different 

tested temperatures (P>0.05) (Table 3). 

The number of egg clusters (F2, 48=27.38, P<0.05) 

and days in which the oviposition happened (F2, 48=15.49, 

P<0.05) significantly elevated at 8 °C compared to other 

temperatures (Table 4). However, the number of eggs in 

each cluster was significantly increased at lower 

temperature compared to 8 and 12 °C (F2, 49=8.57, 

P<0.05). Besides, the percent egg hatching was not 

differentially modified at various tested temperatures for 

storage (Table 4). 

The results presented in Fig. 1 showed that the survival 

rate of the adult coccinellids declined after seven-day cold 

storage at 4 and 12 °C compared to the rate obtained at 8 

°C. The changes in survival rate were similar at both 4 and 

12 °C until day 30 after cold storage period. Thereafter, the 

survival rate of the predatory beetle significantly decreased 

at 4 °C compared to the rate at 12 °C. 

 

 

          Table 1. Effect of cold storage on the percent vitality and longevity of Oenopia conglobata contaminata after a 7-day storage 
period 

Temperature 

(°C) 

Percent vitality 

(%) 

Adult longevity 

(day) 

♀ ♂ ♂+♀ 

4 71.11 ± 6.36 b 41.08 ± 3.15 b 33.33 ± 2.65 b 36.93 ± 1.97 c 

8 66.67 ± 9.81 b 75.50 ± 8.20 a 63.90 ± 8.23 a 69.42 ± 5.81 a 

12 100.00 ± 0.00 a 37.00 ± 4.15 b 62.11 ± 5.71 a 48.84 ± 3.88 b 

       Means followed by different letter in the same column are significantly different (Tukey’s test, P< 0.05) 

  

 

 
       Table 2. Effect of cold storage on the pre-oviposition, oviposition, post-oviposition periods and oviposition rate of Oenopia 

conglobata contaminata after a 7-day storage period 

Temperature 

(°C) 

Pre-oviposition period 

(day) 

Oviposition period 

(day) 

Post-oviposition period 

(day) 

Oviposition rate 

(egg/♀/day) 

4 8.65 ± 0.74 b 25.81 ± 2.35 b 7.93 ± 1.13 b 10.25 ± 0.63 a 

8 10.70 ± 1.17 ab 48.20 ± 6.89 a 15.50 ± 3.38 a 7.35 ± 0.42 b 

12 13.12 ± 0.39 a 27.89 ± 5.77 b 3.57 ± 0.72 b 6.35 ± 0.70 b 

       Means followed by different letter in the same column are significantly different (Tukey’s test, P< 0.05) 
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Table 3. Effect of cold storage on the total fecundity, daily eggs laid during oviposition days, total fertility and daily fertility of 

Oenopia conglobata contaminate after a 7-day storage period 

Temperature 

(°C) 
Total fecundity (egg/♀) 

Daily eggs laid 

(egg /♀/day) 

Total fertility 

(larva/♀) 

Daily fertility 

(larva/♀/day) 

4 115.97 ± 10.47 b 5.61 ± 0.61 a 89.93 ± 8.63 b 7.78 ± 0.47 a 

8 207.60 ± 18.32 a 4.35 ± 0.41 a 147.20 ± 22.11a 4.97 ± 0.51 b 

12 100.12 ± 15.58 b 4.79 ± 0.98 a 69.75 ± 17.44 b 4.53 ± 0.73 b 

       Means followed by different letter in the same column are significantly different (Tukey’s test, P< 0.05) 
 

 

Table 4. Effect of cold storage on the number of egg clusters, the number of eggs in each cluster, the oviposition days and 

percent egg hatching of Oenopia conglobata contaminata after a 7-day storage period 

Temperature 

(°C) 
No. of egg cluster No. of egg per cluster Oviposition days Percent hatching 

4 15.16 ± 0.85 b 8.49 ± 0.46 a 11.65 ± 1.03 b 67.39 ± 4.44 a 

8 35.20 ± 4.04 a 5.81 ± 0.33 b 27.40 ± 4.06 a 66.71 ± 4.49 a 

12 20.12 ± 2.69 b 5.62 ± 0.71 b 17.00 ± 2.39 b 69.62 ± 5.65 a 

Means followed by different letter in the same column are significantly different (Tukey’s test, P< 0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. The survival rate of predatory adult of Oenopia conglobata contaminata affected by a seven-day storage period at 4, 8 and 12 °C, 

Day: days after cold storage period. 

 

DISCUSSIONS 

 

It has been shown that cold temperature adversely 

affects the stored insects (Ghazy et al., 2012). 

Therefore, finding the most suitable storage temperature 

is essential in order to promote reproduction and other 

biological properties of natural enemies during their 

performance against target pests. In addition, the 

increasing temperature could affect the food 

consumption of a predator (Ziaei Madbouni and 

Hosseini, 2017). In the present research, by 

investigating the effects of cold storage on some 

biological parameters of the predatory adults of O. 

conglobata contaminata, it was shown that the adult 

longevity and oviposition period (especially oviposition 

days) were the most important factors affecting the total 

fecundity and fertility of the predator.  

The values of the two aforementioned parameters were 

affected by the different temperatures of storage and 

increased at 8 °C, while the highest value of percent 

vitality and both oviposition rate and daily fertility 

significantly occurred at 12 and 4 °C, respectively. By 

comparison, it was discovered that the adults of H. 

axyridis were able to tolerate -11.19 ± 0.53 °C without 

increasing the mortality (Koch et al., 2004). 

Similarly, a previous study demonstrated that the 

adulthood stage of O. conglobata contaminata was cold 

tolerant, especially when the beetles fed on the 

Mediterranean flour moth eggs (Salehi Pourani et al., 
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2019). Moreover, other researchers found that feeding 

the predatory insects before cold storage led to 

decreased susceptibility to cold conditions (Sun et al., 

2019). Nonetheless, it was demonstrated that the 

complete food digestion in the adult gut of H. axyridis, 

immediately before cold exposure, could increase their 

cold resistance (Iperti and Bértand, 2001). In the current 

study, the newly born adults of O. conglobata 

contaminata were used for the cold storage experiments. 

Certainly, it could be stated that pre-storage nutrition of 

the predatory beetles would help them to improve their 

biological properties at a lower temperature (i.e., 4 °C). 

Likewise, it has been reported that the high-quality 

diet (host prey) played an important role in elevating the 

cold resistance of Cryptolaemus montrouzieri (Mulsant) 

(Coleoptera: Coccinellidae) compared to factitious prey 

(Maes et al., 2015). Therefore, it seems that the eggs of 

E. kuehniella should be substituted with natural prey to 

enhance the cold tolerance of O. conglobata 

contaminata. 

Tian et al. (2020) investigated the influences of three 

different temperatures including 4, 8 and 12 °C on eggs 

of Menochilus sexmaculatus (Fabricius) (Coleoptera: 

Coccinellidae) for three days. Contrary to the results of 

the current study, they declared that the survival rates of 

the first larval instars, oviposition period and 

oviposition of the lady beetles along with the adult 

longevity increased at 12 °C. In addition, the pre-

oviposition period of the beetles decreased at 12 °C 

which was different from the results of this study. 

Therefore, they suggested the use 12 °C as a favorable 

storing temperature for the eggs of M. sexmaculatus. 

While the results of the current study clarified that the 

suitable temperature of cold storage for the adults of O. 

conglobata contaminata was 8 °C. The difference 

between the results of the two studies may possibly be 

raised from the variation of the lady beetle species, 

storage period and especially the life stage of predator 

exposed to the cold storage.  

The findings of this study showed that the higher 

survival rate of the tested adult ladybird beetles 

happened at 8 °C compared to the rates at 4 and 12 °C. 

However, Salehi Pourani et al. (2019) revealed that the 

percent survival of the adults of O. conglobata 

contaminata decreased when the temperature reduced 

from 0 to -7 °C. By investigating the effect of chilling 

temperature on the green lacewing, Chrysopa formosa 

Brauer (Neuroptera: Chrysopidae), it was indicated that 

the highest survival rate of the diapausing adults was at 

5 °C compared to 0 °C (Li et al., 2018), and this was 

similar to the results of this study at 4 °C  versus 8 °C. 

Overall, the present outputs of the current study 

declared that the highest values of adult longevity, 

oviposition period, total fecundity and fertility and 

oviposition days without any significant difference in 

percent hatching among various treatments was observed 

at 8 °C. Mojib Hagh Ghadam et al. (2002) elucidated that 

increasing temperature caused the enhanced fecundity, 

fertility and oviposition days of O. conglobata 

contaminata. In addition, in the current study, it was shown 

that the predatory coccinellids had the highest survival rate 

and the most days in which the oviposition happened at 8 

°C. Therefore, it can be concluded that the adults of O. 

conglobata contaminata could be stored for seven days at 

8 °C with high survival rates, development and appropriate 

reproductive characteristics.  

Likewise, some studies previously showed that the 

minimum developmental threshold of the immature stage 

of O. conglobata contaminata fed on the aphids Myzus 

persicae (sulzer) (Hemiptera: Aphididae) and A. punicae 

Passerini (Hemiptera: Aphididae) were happened at 8.48 

°C (Mokhtari and Samih, 2014) and 9.34 °C (Rounagh et 

al., 2014), respectively. 

 

CONCLUSIONS 

As it was mentioned before, there was little information 

about the influences of cold storage on the performance 

of O. conglobata contaminata. The results of this study 

highlighted the positive effects of the suitable cold 

temperature (i.e., 8 °C) on storage of the efficient 

predator to improve long distance shipment. These 

findings need to be completed by evaluating the other 

biological parameters of this predatory beetle at 

different temperatures and cold storage durations. The 

results of the current study help to enhance the cold 

storage efficacy and quality of O. conglobata 

contaminata reared to release in biological control 

programs.   

 

ACKNOWLEDGEMENTS 

We gratefully thank Mr. M. Mihanyar and Miss A. 

Vahmani for their kind collaborations for rearing insect 

cultures. 

 

REFERENCES 

 

Ayvaz, A., Karasa, E., Karaborklu, S., & Tuncbilek, A. 

(2008). Effects of cold storage, rearing 

temperature, parasitoid age and irradiation on the 

performance of Trichogramma evanescens 

Westwood (Hymenoptera: Trichogrammatidae). 

Journal of Stored Product Research, 44, 232-240. 

van Baaren, J., Outreman, Y., & Boivin, G. (2005). 

Effect of low temperature exposure on oviposition 

behaviour and patch exploitation strategy in 

parasitic wasps. Animal Behaviour, 70, 153-163. 

Bemani, M., Moravvej, G., Izadi, H., & Sadeghi-

Namaghi, H. (2016). Variation in insecticidal 

susceptibility of Agonoscena pistaciae Burckhardt 

and Lauterer (Hemiptera: Aphalaridae), and its 

coccinellid predator, Oenopia conglobata L. 

(Coleoptera: Coccinellidae). Journal of the Kansas 

Entomological Society, 91(2), 110-118. 

Bonte, M., Samih, M. A., & De Clercq, P. (2010). 

Development and reproduction of Adalia 

bipunctata on factitious and artificial foods. 

Biological Control, 55, 485-491. 

De Clercq, P., Merlevede, F., & Tirry, L. (1998). 

Unnatural prey and artificial diets for rearing 

Podisus maculiventris (Heteroptera: 

Pentatomidae). Biological Control, 12, 137-142. 

Ghazy, N., Suzuki, T., Shah, M., Amano, H., & 

Ohyama, K. (2012). Effect of long-term cold 



Irannejad et al.,/ Iran Agricultural Research (2022) 40(2) 17-23 

22 
 

storage of the predatory mite Neoseiulus 

californicus at high relative humidity on post 

storage biological traits. BioControl, 57, 635–641. 

Hassani, F., Shirvani, A., & Rashki, M. (2019). Fitness 

evaluation of Oenopia conglobata contaminata 

(Menetries) (Col.: Coccinellidae) fed on different 

diets. Acta Biologica Slovenica, 62 (2), 35-43. 

Hodek, I., van Emden, H. F., & Honek, A. (2012). 

Ecology and behaviour of the ladybird beetles 

(Coccinellidae). UK: Blackwell Publishing Ltd. 

Iperti, G., & Bértand, E. (2001). Hibernation of 

Harmonia axyridis (Coleoptera: Coccinellidae) in 

south-eastern France. Acta Societatis Zoologicae 

Bohemicae, 65, 207-210. 

Jacas, J. A., & Urbaneja, A. (2010). Biological control 

in citrus in Spain: from classical to conservation 

biological control. In: Ciancio, A., & Mukerji, K. 

G.  (Eds.). Integrated Management of Arthropod 

Pests and Insect Borne Diseases (pp. 61-72). 

Dordrecht: Springer. 

Kabiri Raeis Abbad, M., & Amiri Besheli, B.  (2012). 

Bioassay of the botanical insecticide, tondexir, on 

two natural enemies of the common pistachio 

psyllid. International Journal of Agronomy and 

Plant Production, 4(6), 1191–1196. 

Koch, R. L., Carrillo, M. A., Venette, R. C., Cannon, C. 

A., & Hutchison W. D. (2004). Cold hardiness of 

the multicolored Asian lady beetle (Coleoptera: 

Coccinellidae). Environmental Entomology, 33, 

815-822. 

Li, Y., Wanga, M., Gaoa, F., Zhanga, H., Chena, H., 

Wanga, M., Liua, C., & Zhang, L. (2018). 

Exploiting diapause and cold tolerance to enhance 

the use of the green lacewing Chrysopa formosa 

for biological control. Biological Control, 127, 

116-126. 

Liu, K., Fu, B., Lin, J., Fu, Y., Peng, Z., & Jin, Q. 

(2014). Effect of temperatures and cold storage on 

performance of Tetrastichus brontispae 

(Hymenoptera: Eulophidae), a parasitoid of 

Brontispa longissima (Coleptera: Chrysomelidae). 

Journal of Insect Science, 14(257), 1-6. Retrieved 

from: doi: 10.1093/jisesa/ieu119. 

Lumbierres, B., Madeira, F., & Pons, X. (2018). Prey 

acceptability and preference of Oenopia 

conglobata (Coleoptera: Coccinellidae), a 

candidate for biological Control in urban green 

areas. Insects, 9, 7, 1-11 

Maes, S., Machtelinckx, T., Moens, M., Gregoire, J. C., 

& De Clercq, P. (2012). The influence of 

acclimation, endosymbionts and diet on the 

supercooling capacity of the predatory bug 

Macrolophus pygmaeus. BioControl, 57, 643-651. 

Maes, S., Gregoire, J. C., & Clercq, P. D. (2015). Cold 

tolerance of the predatory ladybird Cryptolaemus 

montrouzieri. BioControl, 60, 199-207. 

Mamay, M., & Mutlu, Ç. (2019). Optimizing container 

size and rearing density for rapid and economic 

mass rearing of Oenopia conglobata (Linnaeus, 

1758) (Coleoptera: Coccinellidae). Türkish Journal 

of Entomology Derg, 43(4), 395-408. 

Mehrnejad, M. R., & Jalali, M. A. (2004). Life history 

parameters of the coccinellid beetle, Oenopia 

conglobata contaminata, an important predator of 

the common pistachio psylla, Agonoscena 

pistaciae (Hemiptera: Psylloidea). Biocontrol 

Science and Technology, 14, 701-711. 

Mojib Hagh Ghadam, Z., Jalali Sendi, J., Hajizadeh, J., 

& Sadeghi, S. E. (2002). Effect of temperature on 

developmental time and oviposition rate of 

Oenopia conglobata l. (col.: coccinellidae) fed on 

Chaitophorus populeti. Journal of entomological 
society of Iran, 22(1), 1-11.  

Mokhtari, B., & Samih, M. (2014). Effect of 

temperature on some biological characteristics of 

Oenopia conglobate contaminata (menteries) in 

feeding on the green peach aphid, Myzus persicae 

(sulzer) in laboratory conditions. Agricultural Pest 

Management, 1(2), 1-12.  

Rounagh, H., Samih, M., & Mahdian, K. (2014). Effect 

of temperature on biological parameters of 

Oenopia conglobata contaminata (Menetries) by 

feeding on pomegranate green aphid, Aphis 

punicae Pass. under laboratory conditions. Plant 

Pests Research, 4(3), 25-38. 

 

Salehi Pourani, M., Mahdian, K., Izadi, H., Basirat, M., 

& Sahhafi, S. R. (2019). Cold tolerance and 

supercooling points of two ladybird beetles (Col.: 

Coccinellidae): Impact of the diet. Cryobiology, 91, 

61-68. 

SAS. (1989). SAS user's guide: Statistics (Vol. 2). Cary, 

NC, USA. 

Sun, Y.-X., Hao, Y.-N., Liu, C.-Z. & Wang, S.-S. 

(2019). Artificial diet is fruitful pre-storage 

nutrition for long-term cold storage of laboratory-

reared Harmonia axyridis (Pallas) adults. 

Biological Control, 139, 1-6. 

Tian, Q. H., Fan, Y. M., Khan, M. M., Wu, J., & Tang, 

L. (2020). Influence of cold-storage of eggs of 

Menochilus sexmaculatus (Coleoptera: 

Coccinellidae) on the biology and predatory 

efficiency. International Journal of Tropical Insect 

Science, Retrieved from: doi.org/10.1007/s42690-

020-00371-w. 

Tunca, H., Yeşil, A. N., & Çalişkan, T. F. (2014). Cold 

storage possibilities of a larval parasitoid, Venturia 

canescens (Gravenhorst) (Hymenoptera: 

Ichneumonidae). Türkish Entomology derg, 38 (1), 

19-29. 

Ziaei Madbouni, M. A., & Hosseini, M. R. 

(2017). Effect of temperature on food consumption 

of Oenopia conglobata contaminata (Menteries) 

fed on Aphis gossypii Glover. Journal of Animal 

Environment, 9(1), 143-148.  

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=25527575
https://dx.doi.org/10.1093%2Fjisesa%2Fieu119
https://doi.org/10.1007/s42690-020-00371-w
https://doi.org/10.1007/s42690-020-00371-w


Irannejad et al.,/ Iran Agricultural Research (2022) 40(2) 17-23 

23 
 

کِ اص ؿتِ ٍ پؼیل تغزیِ هی  کٌیذ    دس ببغبت پؼتِ تشیي کفـذٍصک ؿکبسگش  هْن – چکیذه

Oenopia conglobate contaminata L.  اسصییبب  تییریشات    حبضیش  پیظٍّؾ ّذف اص  .اػت

دسخِ ػلؼیَع(  دس یک دٍسٓ ّفیت سٍصُ ریییشُ ػیبصی  بیش ا یشاد       12ٍ  8   4دهبی ػشد )

سٍی غزای غیش طعوِ  O. conglobate contaminata کبهل تبصُ ظَْس یب تِ ٍ پشٍسؽ یب تِ 

 12ٍ  8  4بِ تشتیب بیشای دهبّیبی   کبهل یک سٍصُ حـشُ  30ٍ  32  100ّب  تعذاد تکشاس .بَد

دس ییک ٍاحیذ مصهبیـی   ٍ  دسدهیبی     کفـیذٍصک  دسخِ ػلؼیَع بَد. یک خفت ًش ٍ هیبدُ  

ػبعت تیبسیک  ریشاس    8ػبعت سٍؿٌبی  ٍ  16ٍ  سطَبت ًؼب  دسصذ 60±5ػلؼیَع   1±26

ًتیبیح ًـیبى    .گش تٌذ ٍ تب صهبى هشگ  بشی  اص پبساهتشّبی بیَلَطیک  ػَػک هحبػبِ ؿذًذ

دسخِ ػلؼیَع بِ طیَس   8ٍ  12هبً  ٍ طَل عوش ا شاد کبهل بِ تشتیب دس  داد کِ دسصذ صًذُ

 8گزاسی دس  گزاسی ٍ پغ اص تخن تشیي دٍسُ تخن ّوچٌیي  طَلاً  .رببل تَخْ  ا ضایؾ یب ت

دسخیِ   8مٍسی کل بِ طَس هعٌی  داسی دس   حذاکثش هقبدیش ببسمٍسی ٍ صاد.دسخِ ػلؼیَع بَد 

لاٍُ بش ایي  تعذاد دػتِ تخن ٍ سٍصّبی  کِ تخوگزاسی دس مى اتفبق ا تبد  دس ع ػلؼیَع بَد.

ّبی کبهل  پغ  هیضاى بقبی کفـذٍصک .دسخِ ػلؼیَع بِ طَس رببل تَخْ  ا ضایؾ یب ت 8

دسخِ ػلؼیَع  8دسخِ ػلؼیَع دس هقبیؼِ بب دهبی  12ٍ  4اص ّفت سٍص ًگْذاسی دس دهبی 

دسخیِ ػلؼییَع( دس    8یریشات هثبت دهبی ػیشد هٌبػیب )  دٌّذُ ت ًتبیح ًـبى .کبّؾ یب ت

رییشُ ػبصی ایي ؿکبسگش کبسمهذ بشای بْبَد حول ٍ ًقل ساُ دٍس بَد کِ ه  تَاًذ بِ ا یضایؾ  

بشًبهِ ّیبی کٌتیشل بیَلَطییک کویک     سّب ػبصی دس ارش رییشُ ػبصی ٍ کیفیت ؿکبسگش بشای 

 .کٌذ
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