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Abstract 

Trichogramma wasp is one of the most successful parasitic species in the world, mainly used to control 

many pests. The effects of field (RC) and half recommended concentrations (half RC) of four insecticides: 

1. Tetraniliprole, 2. Chlorantraniliprole 3. Lufenuron, and 4. Thiocyclam was studied in different 

preimaginal stages of 1. Trichogramma brassicae Bezdenko and 2. Trichogramma evanescens Westwood 

(Hymenoptera: Trichogrammatidae). Parasitized eggs of the angoumois grain moth Sitotroga cerealella 

Olivier (Lepidoptera: Gelechiidae) were treated by 1. The dipping method at the larval, 2. Prepupal, and 

3. Pupal stages of the parasitoid. For persistence evaluation, the insecticides were applied at the 

recommended concentration on tomato plants in a pot by a hand sprayer till the Runoff point. Plants were 

maintained under a transparent polyethylene rain cover in the field. Leaves of the treated tomato plants 

were sampled and transferred to the laboratory at time intervals of 3, 5, 16, and 31 days after application. 

In this experiment were adults (< 24 hours old) of T. brassicae and T. evanescens. Based on our results, 

thiocyclam at both RC and half RC was the most harmful insecticide for immature stages of both 

parasitoids. This insecticide at the prepupal stage (at both RC and half RC) had more adverse effects than 

in pupal or larval stages. Tetraniliprole, with 23.33% and 21.11% mortality in less than five days, was 

classified as the short-lived insecticide for T. brassicae and T. evanescens, respectively. The same result 

was obtained in the chlorantraniliprole treatment. That caused 25% and 26.11% mortality to the 

parasitoids, T. brassicae, and T. evanescens. Lufenuron, with 30.55% and 30.00% mortality in less than 

five days, was short-lived. However, thiocyclam, with 14.44% and 16.67% mortality in less than 30 days 

and 65.55% and 69.44% mortality in less than five days, was classified as moderately persistent for those 

two species. Therefore, according to the results, 1. tetraniliprole, 2. chlorantraniliprole, and 3. lufenuron 

can control lepidopteran pests by observing the appropriate spraying distance to release Trichogramma 

wasps. Thiocyclam, on the other hand, should be employed with extreme caution. 
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Introduction 

Managing the lepidopteran pests in the 

greenhouse and fields is critical in protecting tomato 

plants (Biondi et al., 2018). The genus 

Trichogramma spp. (Hymenoptera: 

Trichogrammatidae) are increasingly recognized as 

crucial biological control agents of Lepidoptera 

pests worldwide (Knutson, 2005). The widespread 

use of pesticides in agricultural ecosystems led to the 

death of nontarget organisms, directly or indirectly 

(Beers & Schmidt, 2014). Also, excess use of 

chemicals in tomato fields led to increased resistant 

genotypes against different groups of insecticides, 

contamination of the environment, and pesticide 

residues on human products (Gill and Grag, 2014).  

According to Vianna et al. (2009) family 

Trichogrammatidae significantly reduced the 

populations of lepidopteran pests and the number 

of insecticide applications on tomato crops. Non-

selective insecticides do not have acceptable 

potential as well as biological agents (Desneux et 

al., 2007). So, it seems that applying 

biocompatible insecticides alongside biological 

control agents is the desired method for pest 

control. Many chemicals can maintain their 

adverse effects long after application (Nekunam 

et al., 2020).  

Souza et al. (2014) pointed out the side effects 

of chemical pesticides to reduce their adverse 

impact on natural enemies presented in crops. 

Death, disturbance in life parameters such as 

developmental rate, sex ratios, parasitism, and 

emergence rate are lethal and sublethal effects of 

chemical insecticides (Poorjavad et al., 2014). 

Previous studies showed that integrating 

biological control agents with pesticides 

regulated arthropod pest populations without 

direct or indirect effects on their natural enemies 

(Ruberson et al., 1998).  

In some cases, short-lived insecticides that 

only slightly interfere with biological control 

agents should be a solution for effective pest 

control. Some studies have revealed the effects of 

many insecticides on different Trichogramma 

species (Hassan, 1998; Hewa-Kapuge et al., 

2003; Jiu-Sheng et al., 2009).  

Chlorantraniliprole and Tetraniliprole are new 

systemic insecticides of the anthranilic diamide 

group with a unique and new mode of action. By 

binding to the ryanodine receptor, 

chlorantraniliprole stimulates the release of 

calcium stores from the sarcoplasmic reticulum 

of muscle cells, resulting in flare-ups. This 

insecticide should be used at the critical stage of 

the insect, usually during the hatching of newly 

hatched eggs or larvae (Cordova et al., 2006; 

Graily-Moradi & Hejazi, 2020).  

Lufenuron is classified as an insect 

development inhibitor, belonging to the group of 

chitin synthesis inhibitors. Consumption of this 

compound disrupts the regular activity of internal 

secretory systems and disrupts the growth and 

development of insects (Talebi Jahromi, 2011). 

Lufenuron's mechanism of action is interference 

with chitin synthesis, polymerization, and 

deposition (Benziony & Arzi, 2000). 

Thiocyclam is a group of neristoxins of natural 

origin that is extracted from worms of the marine 

annelid category. A nereistoxin analog insecticide 

selective, stomach acting with some contact 

action. Nicotinic acetylcholine receptor (nAChR) 

channel blocker (Rakhshanizabol, 2011). 

The present study evaluated the susceptibility 

of T. brassicae and T. evanescence to four 

insecticides: tetraniliprole, chlorantraniliprole, 

lufenuron, and thiocyclam when applied at the 

insects' immature stages. To determine the most 

suitable insecticide, we also investigated the 

persistence rate of the insecticides under field 

conditions according to the IOBC procedure.  

 

Materials and Methods 

Rearing 

The experiments were carried out in the 

Laboratory of Plant Protection at the Agricultural 

and Natural Resources Research and Education 

Center of Markazi Province, Arak, Iran. The egg 

parasitoids T. brassicae and T. evanescens 

(Hymenoptera: Trichogrammatidae) were 

provided by the Biological Control Department 

of Plant Protection Research Institute in Tehran, 

Iran. Parasitoids were reared on the angoumois 
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grain moth, S. cerealella, in the laboratory under 

the controlled conditions of 25 ± 1°C, 60 ± 10% 

RH, and a photoperiod of 16:8 h (L: D). 

Insecticides 

The insecticides used were: tetraniliprole (SC 

200 Vayego®, Syngenta Co., Swiss), 

chlorantraniliprole (SC18.4% Coragen®, Dupont 

Co., USA), lufenuron (EC5% Match®, Syngenta 

Co., Swiss), and thiocyclam (SP50% Evisect®, 

Arista Life Science). Field recommended 

concentrations (RC) and half RC of the 

insecticides were used (Table 1). 

Immature stages bioassay 

The effects of insecticides at RC half RC were 

studied on different preimaginal stages of T. 

brassicae and T. evanescens. The egg cards S. 

cerealella were placed in glass tubes (18*180 

mm). Parasitized eggs were treated by the 

dipping method at different intervals suggested 

by the IOBC (Sterk et al., 1999; Costa et al., 

2014). The experiment was repeated six times. 

The control was distilled water. Randomly 

selected egg cards, having 140 parasitized eggs, 

were dipped into the solution of RC or half RC of 

each insecticide for 10 seconds on the 3rd, 6th, and 

9th day after the eggs were parasitized. 

These days correspond to the developmental 

stages of T. brassicae and T. evanescens larvae 

(3 day), prepupae (6 day), and pupae (9 day) 

(Ghorbani et al., 2016). When the dipped eggs 

were dried (for 3 h), they were placed in glass 

tubes in the laboratory under the controlled 

conditions of 25 ± 1°C, 60 ± 10% RH, and a 

photoperiod of 16:8 h (L: D). A droplet of 10% 

water and the honey solution was smeared on 

the internal walls of the containers for adult 

feeding. The adult emergence rate of parasitoids 

from each of the three stages was determined 

and then divided by the control to calculate 

emergence reduction (Sterk et al., 1999; Costa 

et al., 2014). 

Persistence rate evaluation under semi-field 

conditions 

The insecticides were applied at the RC on 

tomato plants (Rio grande cultivar) in pots (23*21.5 

cm) by a hand sprayer (Royal) till the Runoff point. 

Plants were maintained under a transparent 

polyethylene rain cover in the field. Leaves of the 

treated tomato plants were sampled and transferred 

to the laboratory at time intervals of 3, 5, 16, and 31 

days after application. These intervals were 

proposed by the IOBC/WPRS Working Group 

(Sterk et al., 1999; Costa et al., 2014).  

The samples were placed in ventilated plastic 

Petri dishes (10*10*6). Their petioles were placed 

in a small container containing water. To prevent 

the leaves from wilting and maintain their 

moisture. The experiment was repeated with 30 

adult individuals (< 24 hours old) of each species 

assessment of mortality recorded based on 24 h 

post-exposure time. The persistence rate was 

evaluated according to each insecticide's 

IOBC/WPRS Working Group. The categories 

under laboratory conditions included: A, short-

lived (< 5 days); B, slightly persistent (5-15 days); 

C, moderately endless (16-30 days); D, Persistent 

(> 30 days) (Sterk et al., 1999; Costa et al., 2014).  

Statistical analysis 

These experiments were carried out in a 

completely randomized design (CRD) with six 

replications. Data on percent efficacy were 

arcsine-square root transformed to normalize 

them and subjected to one-way variance analyses. 

Abbott's formula (Abbott, 1925) was used to 

correct mortality percentage. The means were 

separated using the least significant difference 

(LSD) test at a 5% significance level using SPSS 

software version 24 (SPSS Inc. 2016). 
 

Table 1. The concentrations and manufacturers of the insecticides that were tested in the study. 

Name of insecticides Trade name Recommended concentration 

(ai/hectare) 

Manufacturer 

Tetraniliprole SC200 (Leaf miner) Vayego 36 Syngenta, Swiss 

Chlorantraniliprole SC 18.4% (Leaf miner) Coragen 2.76 Dupont, USA 

Lufenuron EC5% (Leaf miner, Cotton bollworm) Match 15 Syngenta, Swiss 

Thiocyclam SP50% (Leaf miner, White fly) Evisect 7.5 Arista life Science 
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Results 

Emergence rate 

Trichogramma brassicae 

Parasitoid emergence rate after treatment at 

larval, prepupal, and pupal stages was reduced 

when treated by the recommended concentration 

of each insecticide. Maximum and minimum 

reduction of emergence for thiocyclam was 

45.14, 47.36, and 41.31%, and for tetraniliprole 

was 17.89, 7.77, and 12.66%, respectively (Table 

2). The data for half RD of thiocyclam was 39.69, 

42.09, and 38.16%; tetraniliprole was 12.44, 

3.48, and 8.82%. There were significant 

differences among insecticides for their effects 

on emergence rate of the parasitoid at the larval 

(F = 96.45; df = 8, 53; P = 0.0001), prepupal (F 

= 149.03; df = 8, 53; P = 0.0001) and pupal stages 

(F = 103.57; df = 8, 53; P = 0.0001) (Table 2). 

Trichogramma evanescens 

The reduction of T. evanescens emergence 

rate after treatment at the recommended 

concentration of thiocyclam was 46.15, 50.45, 

and 43.31%, and tetraniliprole was 9.26, 4.11, 

and 5.88% at the larval, prepupal and pupal 

stages, respectively (Table 3). These values for 

half RD of thiocyclam were 41.78, 46.15, 

40.11%, and for tetraniliprole were 5.59, 1.25, 

and 2.49%. There were significant differences 

among insecticides for their effects on emergence 

rate of the parasitoid at the larval (F = 121.19; df 

= 8, 53; P = 0.0001), prepupal (F = 128.95; df = 

8, 53; P = 0.0001) and pupal stage (F = 101.68; 

df = 8, 53; P = 0.0001) (Table 3). 

Persistency 

Trichogramma brassicae 

Three days after post-treatment (= DPT), a 

significant difference was observed among 

various treatments for the rate of adult parasitoid 

mortality (F = 216.84; df = 3, 23; P = 0.0001). 

Thiocyclam caused 65.66 % mortality which was 

the most among all treatments. However, 

tetraniliprole showed 23.33% mortality which was 

the least. At five DPT, thiocyclam caused 55% 

mortality which differed significantly from other 

treatments (F = 317.00; df = 3, 3 P = 0.0001).  

Tetraniliprole and chlorantraniliprole, with 

mean mortality of 16.67% and 20%, respectively, 

showed less effect than thiocyclam but were not 

significantly different. At 16 DPT thiocyclam 

caused 44.44% mortality which was the highest 

and significantly different from the other 

treatments (F = 204.67; df = 3, 23; P = 0.0001).  

Tetraniliprole and chlorantraniliprole, with 

mean mortality of 10% and 12.78%, showed 

fewer effects. At 31 DPT thiocyclam caused 

14.44% mortality which still significantly 

differed from other treatments (F = 27.18; df = 

3, 23; P = 0.0001). Tetraniliprole and 

chlorantraniliprole, with mean mortality of 

7.22% and 7.78%, respectively, showed less 

effect than thiocyclam, with no statistical 

difference between the two (Table 4). 

Trichogramma evanescens 

At three DPT the rate of mortality differed 

significantly among various treatments (F = 

278.95; df = 3, 23; P = 0.0001). Thiocyclam 

caused 69.44% mortality which was the most 

among all treatments. However, tetraniliprole 

showed 21.11% mortality which was the least. 

The mortality rates of chlorantraniliprole and 

lufenuron were 26.11 and 30.00%, respectively. 

At five DPT, thiocyclam caused 57.22% 

mortality which differed significantly from other 

treatments (F = 430.57; df = 3, 23; P = 0.0001). 

Tetraniliprole and chlorantraniliprole, with 

mean mortality of 21.11% and 13.33%, 

respectively, showed fewer effects than 

thiocyclam without any statistical difference. At 

16 DPT, thiocyclam was significantly different 

from other treatments (F = 308.23; df = 3, 23; P = 

0.0001). Tetraniliprole and chlorantraniliprole, 

with mean mortality of 9.44% and 14.44%, 

showed fewer effects than thiocyclam. At 31 DPT, 

thiocyclam significantly differed from other 

treatments (F = 26.5; df = 3, 23; P = 0.0001). 

Tetraniliprole and chlorantraniliprole, with mean 

mortality of 6.11% and 8.89%, respectively, 

showed fewer effects than thiocyclam without any 

statistical difference between those two 

insecticides (Table 5).
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Table 2. Effects of insecticide treatments on emergence percentage (mean ± SE) of Trichogramma brassicae when 

treated at larval, prepupal and pupal stages inside its host egg under laboratory conditions.  

Treatment  Larvae 

(%emergence) 

 

%Reduction 

in the 

emergence  

 Pre-pupae 

(%emergence) 

 

%Reduction 

in the 

emergence  

 Pupae 

(%emergence) 

 

%Reduction 

in the 

emergence  

Tetraniliprole 

 RC 

0.5RC  

 

80.33 ± 1.23bc 

85.67 ± 1.28b  

 

17.89  

12.44  

 

86.00 ± 0.97bc 

90.00 ± 1.18ab  

 

7.77  

3.48  

 

83.33 ± 1.14b 

87.00 ± 1.00b  

 

12.66  

8.82  

Chlorantraniliprole 

RC 

0.5RC    

 

78.50 ± 1.38cd 

83.16 ± 1.51bc  

 

19.76  

14.99  

 

84.17 ± 1.38c 

88.00 ± 0.97b  

 

9.74  

5.63  

 

82.17 ± 1.17b 

86.00 ± 1.46b  

 

13.89  

9.87  

Lufenuron  

RC  

0.5RC  

 

69.33 ± 1.31e 

73.16 ± 1.25de  

 

29.13  

25.21  

 

64.5 ± 1.87d 

69.00 ± 1.59d  

 

30.83  

26.00  

 

61.00 ± 1.75cd 

64.00 ± 1.66c  

 

36.07  

32.92  

Thiocyclam  

RC 

0.5RC 

Control  

 

53.67 ± 1.72f 

59.00 ± 1.77f 

97.83 ± 0.76a 

 

45.14  

39.69  

0 

 

49.08 ± 1.20e 

54.00 ± 1.77e 

93.25 ± 0.86a 

 

47.36  

 42.09  

0 

 

56.00 ± 1.67d 

59.00 ± 1.77cd 

95.42 ± 0.99a 

 

41.31  

38.16  

0  
Means followed by the same letters in each column are not significantly different (LSD test, p < 0.05). 

RC: Recommended concentration. 

 

Table 3. Effects of insecticide treatment on the adult emergence of Trichogramma evanescens when treated at larval, 

prepupal and pupal stages inside its host egg under laboratory conditions.  

Means followed by the same letters in each column are not significantly different (LSD test, p < 0.05). 

RC: Recommended concentration. 

 
Table 4. Mortality of adult stage of Trichogramma brassicae wasps after exposure to leaf residues of insecticides at 3, 5, 

16, and 31 days post-treatment (DPT) at field conditions.  

Insecticide % Mortality (Mean ± SE) Classification 

3 DPT 5 DPT 16 DPT 31 DPT 

Tetraniliprole 23.33 ± 1.22c 16.66 ± 0.84c 10.00 ± 0.86c 7.22 ± 0.55b   A Short-lived 

Chlorantraniliprole 25.00 ± 0.74bc 20.00 ± 0.81bc 12.78 ± 1.02bc 7.78 ± 0.72b A Short-lived 

Lufenuron 30.55 ± 1.14b 22.22 ± 0.7b 15.55 ± 0.71b 10.55 ± 0.54ab A Short-lived 

Thiocyclam 65.55 ± 1.65a 55.00 ± 1.42a 44.44 ± 1.65a 14.44 ± 0.7a C, Moderately persistent 
Means followed by the same letters in each column are not significantly different (LSD test, p < 0.05). 

Treatment Larvae 

(%emergence) 

%Reduction 

in the 

emergence  

 Pre-pupa 

(%emergence) 

 

%Reduction 

in the 

emergence  

 Pupa 

(%emergence) 

 

%Reduction 

in the 

emergence  

Tetraniliprole 

 RC 

0.5RC    

 

86.5 ± 1.12b 

90.00 ± 1.15ab  

 

9.26  

5.59  

 

89.33 ± 1.05ab 

92.00 ± 0.97ab 

 

4.11  

1.25  

 

88.00 ± 1.15ab 

91.17 ± 0.98ab  

 

5.88  

2.49  

Chlorantraniliprole 

RC 

0.5RC   

 

75.5 ± 1.91cd 

80.17 ± 1.17c  

 

20.80  

15.91  

 

81.17 ± 1.90c 

85.00 ± 1.29bc 

 

12.88  

8.76  

 

79.33 ± 1.93c 

84.33 ± 1.45bc 

 

15.15  

9.80  

Lufenuron  

RC  

0.5RC  

 

71.5 ± 1.91d 

75.17 ± 1.25bc  

 

25.00  

21.15  

 

67.17 ± 1.42d 

70.00 ± 1.65d  

 

27.91  

24.86  

 

65.00 ± 1.59d 

69.00 ± 1.66d  

 

30.48  

26.02  

Thiocyclam RC 

0.5RC 

Control  

 

51.33 ± 1.11e 

55.5 ± 0.99e 

95.33 ± 1.08a 

 

46.15  

41.78  

 0  

 

46.17 ± 2.33e 

50.17 ± 1.35e 

93.17 ± 1.56a 

 

50.45  

46.15  

 0 

 

53.00 ± 1.73e 

56.00 ± 1.77e 

93.5 ± 0.99a 

 

 43.31  

 40.11  

 0  
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Table 5. Mortality of adult stage of Trichogramma evanescence wasps after exposure to leaf residues of insecticides at 

3, 5, 16, and 31 days post-treatment (DPT) at field conditions.  

Insecticide % Mortality (Mean ± SE) Classification 

3 DPT 5 DPT 16 DPT 31 DPT 

Tetraniliprole 21.11 ± 0.73c 13.33 ± 0.86c 9.44 ± 0.55c 6.11 ± 0.54c A Short-lived 

Chlorantraniliprole 26.11 ± 1.02bc 21.11 ± 0.75b 14.44 ± 0.68b 8.89 ± 1.05bc A Short-lived 

Lufenuron 30.00 ± 0.86b 21.67 ± 0.84b 15.00 ± 0.74b 10.00 ± 0.87b A Short-lived 

Thiocyclam 69.44 ± 2.18a 57.22 ± 1.34a 47.22 ± 1.59a 16.67 ± 1.22a C, Moderately persistent 
Means followed by the same letters in each column are not significantly different (LSD test, p < 0.05). 

IOBC classification 

Results regarding the effects of the 

insecticides on different developmental stages of 

T. brassicae and T. evanescens revealed that 

tetraniliprole and chlorantraniliprole were the 

most selective compound among the tested 

insecticides. However, lufenuron and thiocyclam 

were slightly harmful to both parasitoids (Tables 

2 and 3). Persistence tests based on IOBC 

classification for more than 30% mortality at 

each period revealed that 1. Tetraniliprole, 2. 

Chlorantraniliprole and 3. Lufenuron had less 

than five days of persistence. 

This result classified them as short-lived 

insecticides (class A) for T. brassicae wasps. 

Thiocyclam, which persisted for more than 16 

days but less than 30 days, was moderately 

persistent for the parasitoid (class C) (Table 4).  

For T. evanescence adult parasitoid, 

tetraniliprole, chlorantraniliprole and lufenuron 

had less than five days persistence. This result 

classified them as short-lived insecticides (class 

A) for T. brassicae wasps. Thiocyclam, which 

persisted for more than 16 days but less than 30 

days, was moderately persistent for the parasitoid 

(class C) (Table 4).  

 

Discussion 

Our study revealed that thiocyclam was the 

most harmful insecticide for immature stages of 

both parasitoids (T. brassicae and T. 

evanescens). We also found that treatments with 

thiocyclam at the prepupal stage had more 

adverse effects than pupal or larval stages. 

Lufenuron was short-lived and had less impact 

on the emergence rate of adults. The host egg 

chorion may protect immatures of Trichogramma 

against some insecticides (Knutson, 2005), 

however exiting by wasps at emergence can 

cause insecticide ingestion by adults before 

leaving the host egg (Parsaeyan et al., 2020).   

Chlorantraniliprole is a novel synthetic 

chemical belonging to the ryanoid group, and it 

stimulates the release of calcium stores from the 

sarcoplasmic reticulum of muscle cells, resulting in 

flare-ups. The lower toxicity of this insecticide to 

Trichogramma may be due to its mode of action. 

According to Dinter et al. (2009), 

chlorantraniliprole has low intrinsic toxicity for 

beneficial arthropods and nontarget organisms such 

as earthworms, honey bees, and other pollinators. 

The harmlessness of chlorantraniliprole was also 

reported on Trichogramma japonicum Ashmead. 

Chlorantraniliprole caused the lowest mortality 

(21.25%) in the adults of T. japonicum (Uma et al., 

2014). The reports were similar to our results. 

Somebody investigated the effects of 

chlorantraniliprole on Palmistichus elaeisis 

(Delvare and LaSalle) (Hymenoptera: Eulophidae). 

The results showed that this insecticide reduced 

emergence and the progeny metatibia length but 

did not induce mortality of P. elaeisis adults 

(Pereira et al., 2018). This insecticide has a 

systemic within the insect body. Also, it has a 

residual effect on the host egg that allows the 

impact on parasitoids via ingestion when feeding in 

the host (Reding and Ranger 2011).  

Brugger et al. (2010) reported the effects of 

recommended field concentration of 

chlorantraniliprole on the egg parasitoid T. 

chilonis Ishii. 

Chlorantraniliprole did not affect the 

percentage of parasitoid emergence after egg 

card dipping bioassay. In the experiments of 

Matioli et al. (2019), although chlorantraniliprole 

did not act on the exposed specimens of Cotesia 
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flavipes (Cameron) (Hymenoptera: Braconidae), 

the insecticide influenced their progeny. The 

activity of chlorantraniliprole has also been 

evaluated on immature stages of the omnivorous 

predator Macrolophus pygmaeus Rambur 

(Hemiptera: Miridae) (Martinou et al., 2014); 

adults of Macrolophus basicornis (Stal) (Passos 

et al., 2018; Soares et al., 2019), and the flower 

bug Orius laevigatus (Fieber) (Hemiptera: 

Anthocoridae) (Biondi et al., 2012). In these 

studies, the insecticide was shown to have little 

or no lethal and sublethal effects. In similar 

studies, Gontijo et al. (2014) reported that 

Chrysoperla carnea Stephens (Neuroptera: 

Chrysopidae) adult couples exposed to stems 

grown from seeds treated with 

chlorantraniliprole showed no increase in larval 

and pupal duration. In contrast, Guo et al. (2013) 

described that chlorantraniliprole increased 

significantly mean generation time and doubling 

time of the diamondback moth, Plutella 

xylostella (L.) (Lepidoptera: Plutellidae). 

According to Mahankuda et al. (2019), 

chlorantraniliprole for adults of T. chilonis was 

slightly harmful. Recommended field 

concentrations of several pesticides, including 

chlorantraniliprole, were tested on adults of T. 

chilonis in semi-field conditions. The results 

showed that chlorantraniliprole had no harmful 

effects on this species and was included in the 

group of short-lived persistence pesticides (Kumar 

et al., 2019), which is the same as our findings. 

Recommended field concentration of 

chlorantraniliprole was slightly harmful to adults 

of T. chilonis, T. pretiosum, and T. japonicum 

(Deshmukh et al., 2018). The laboratory 

experiments showed that chlorantraniliprole was 

considered for female adults of Trichogramma 

japonicum (Mohapatra and Shinde, 2021).  

Lufenuron is a benzoyl phenyl urea compound 

that inhibits chitin production (Carmo et al., 2010). 

When lufenuron was applied to T. pretiosum Riley 

(Hymenoptera: Trichogrammatidae) in the pupal 

stage, a reduction in the emergence of the F1 

generation females was observed (Carvalho et al., 

2010). In a similar study, Fontes et al. (2018) 

investigated the effects of several insecticides, 

including lufenuron, on immature stages of T. 

achaeae under laboratory conditions. Their results 

showed that lufenuron had low toxicity in all 

developmental stages. Takada et al. (2001) reported 

few side effects of lufenuron on Trichogramma 

spp., which confirmed the results of the present 

study. However, little differences in the results may 

be due to dissimilarity in the trial genus, 

experimental condition, etc. The results showed 

that lufenuron was also included in the group of 

dangerous insecticides (Nekunam et al., 2020). 

Afshari et al. (2014) reported few side effects of 

lufenuron on adult and prepupae stages of T. 

brassicae, which confirmed the results of the 

present study. Due to of high total effect of 

hexaflumuron on adult and immature stages of T. 

brassicae, using of other biocompatible 

insecticides is recommended in IMP programs of 

lepidopteran pests (Afshari et al., 2018). 

The results of laboratory experiments 

confirmed that tetraniliprole is compatible with 

integrated pest management programs (APVMA, 

2020). Previous studies indicated no adverse 

effects of tetraniliprole were observed on two 

predatory species Coccinella septempunctata L. 

(Coleoptera: Coccinellidae) and C. carnea 

(Gontijo et al., 2014). Also, no harmful effects 

were observed on predatory mite Typhlodromus 

pyri Scheuten (Acari: Phytoseiidae) and parasitoid 

wasp Aphidius rhopalosiphi De Stefani-Perez 

(Hymenoptera: Braconidae). Semi-field studies 

on Aphidius rhopalosiphi showed no harmful 

effects of tetraniliprole on parasitism, and 

emergence rates were observed in three different 

crops tomato, cabbage, and eggplant. The results 

of the present study are similar to the results of this 

study on the insignificant detrimental effects of 

tetraniliprole (APVMA, 2020). 

The effects of several insecticides, including 

thiocyclam, on eggs and larvae of first-instar C. 

carnea were investigated in vitro. Based on the 

total effect index of the IOBC classification, 

thiocyclam was in the slightly harmful category 

(Asadi Eidvand et al., 2015). Several insecticides' 

lethal and sub-lethal effects, including 
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thiocyclam, on adult insect Habrobracon hebetor 

Say (Hymenoptera: Braconidae) were 

investigated in vitro. This insecticide reduced the 

biological parameters, including the intrinsic rate 

of increase, gross reproduction rate, finite growth 

rate, net reproduction rate, and increased mean 

generation time and doubling time of the tested 

wasp (Fuladi et al., 2015). 

The results of the present study are consistent 

with these studies regarding the detrimental 

effect of thiocyclam. Like other insects, 

immature stages of Trichogramma have been 

considered less susceptible to pesticides than 

adults; the eggshell of the host could provide 

protection. However, preimaginal mortality of 

Trichogramma parasitoids may be related to 

partial emergence. When the parasitoid is cutting 

a small area of the host eggshell with its 

mandibles, a small quantity of the eggshell 

surface could be swallowed as well as the product 

residues on the host surface (Consoli et al., 2001). 

No information is available on the persistence of 

tetraniliprole and thiocyclam in references. 

IPM programs are globally implemented to 

control insect pests' infestation, and one part is 

understanding insecticides' potential effects on 

natural enemies. Under ideal conditions, the 

toxicity of pesticides used in the IPM programs 

should be high to target small or insignificant pests 

to their natural enemies (Croft 1990). The present 

study showed that the response sensitivity was at 

the same level when both parasitoids were 

exposed to all the tested insecticides. 

Pesticides should be used very carefully in 

IPM programs. Also, further experiments on 

the behavioral effects of pesticides (e.g., 

mating behavior (Wang et al., 2018), as well as 

the transgenerational product (Wang et al., 

2017), will help assess the real potential impact 

of these insecticides on T. brassicae, T. 

evanescens, and other non-target organisms. 

Moreover, further studies under open field 

conditions are warranted to assess the risks 

posed by any pesticide entirely. 

 

Conclusion 

This research focused on the impact of 

insecticides on two Trichogramma species in 

Markazi Province. Pesticides that control insect 

pests without severe side effects on substantial 

natural enemies are always necessary for 

integrated control programs. Also, short-lived 

insecticides could allow a rapid recolonization of 

the parasitoids. Recent research found non-

harmful tetraniliprole and chlorantraniliprole in 

T. brassicae and T. evanescence wasps. They are 

appropriate candidates to be incorporated into 

IPM programs. By contrast, lufenuron and 

thiocyclam should be used with care as a part of 

IPM procedures.  
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  T. evanescens Westwood و  Trichogramma brassicae Bezdenkoدو گونه زنبور 

(Hymenoptera: Trichogrammatidae) ایتحت شرایط آزمایشگاهی و نیمه مزرعه 
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 چکیده

فاده ترین گونه های پارازیتوئید در دنیا بوده و به طور گسترده در جهان برای کنترل بیشتر آفات استزنبورهای تریکوگراما یکی از موفق 

غلظت توصیه صف ای و نغلظت توصیه شده مزرعهتاثیر هایی با اثرات سوء کمتر روی این زنبورها کشمی شوند. به واسطه یافتن حشره

 زنبور روی مراحل مختلف رشدی دو گونه پرول، لوفنورون و تیوسیکلامرانیلیپرول،کلرانتهای تترانیلیکشحشره ایشده مزرعه

Trichogramma evanescens Westwood و Trichogramma brassicae Bezdenko .تخم های پارازیته شده  مورد بررسی قرار گرفت

ارزیابی  جهتکش ها تیمار شدند. ههای حشروری با محلولپیش شفیرگی و شفیرگی به روش غوطهبید غلات در مراحل لاروی، 

ها با یک سم پاش دستی روی گیاهان گوجه فرنگی تا جاری شدن محلول ای آنهای توصیه شده مزرعهها، غلظتپایداری حشره کش

وجه برداری از گیاهان گنمونهگیاهان گوجه فرنگی زیر یک پوشش پلاستیکی به عنوان حفاظ باران نگهداری شدند. سمی پاشیده شد. 

ی و نصف اتوصیه شده مزرعه)در هر دو غلظت  تیوسیکلام نتایجبر اساس  روز پس از تیمار انجام شد. 36و  61، 5، 3فرنگی در روزهای 

ور تریکوگراما هر دو گونه زنبشفیرگی پیشبه خصوص مرحله مضرترین حشره کش برای مراحل نابالغ ای( غلظت توصیه شده مزرعه

 .T و Trichogramma brassicae هایگونهدر کمتر از پنج روز به ترتیب برای 66/36و  33/33ا درصد مرگ و میر ب پرولتترانیلیبود. 

evanescens 66/31و  35 با درصد مرگ و میر پرولکلرانترانیلینتیجه مشابهی برای  دوام ارزیابی گردید.های بیکشدر گروه حشره 

درصد مرگ و میر به ترتیب برای دو گونه  33و  55/33با همچنین لوفنورون نیز به ترتیب برای دو گونه مذکور حاصل شد. 

Trichogramma brassicae  و T. evanescens  درصد مرگ  16/61و 44/64 با تیوسیکلامولی  دوام ارزیابی شد. بی روز پنجدر کمتر از

برای دو گونه در گروه حشره کش های با روز  5درصد مرگ و میر در کمتر از  44/16و  55/15و با پاشی پس از سمروز  36و میر در 

سم ا رعایت فاصله مناسب بتوان می را پرول و لوفنورونپرول، کلرانترانیلیتترانیلیبا توجه به نتایج بنابراین  دوام متوسط قرار گرفت.

ستی با احتیاط بیشتری بای تیوسیکلامدر مقابل  استفاده نمود. پولکدارآفات بالترل جهت کنجهت رها سازی زنبور تریکوگراما، پاشی 

 مورد استفاده قرار گیرد.
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