
BIHAREAN BIOLOGIST  11 (1): 10-14                                                                                                  ©Biharean Biologist, Oradea, Romania, 2017 
Article No.: e151210                                                                                                                                          http://biozoojournals.ro/bihbiol/index.html 

 

Effect of some conventional insecticides on functional response parameters  
of Macrolophus pygmaeus (Hem.: Miridae) on Tuta absoluta (Lep.: Gelechiidae) 

 
Iman SHARIFIAN,  Qodratollah SABAHI*  and  Ali R. BANDANI 

 
Department of Plant Protection, Faculty of Agriculture and Natural Resources, University of Tehran, Karaj, Iran. 

* Corresponding author, Q. Sabahi, E-mail: sabahi@ut.ac.ir 
 

 

Received: 14. April 2015  /  Accepted: 12. October 2015  /  Available online: 26. November 2015  /  Printed: June 2017 
 

 

Abstract. IPM programs based on using both predator Macrolophus pygmaeus and pesticides are widespread in the tomato 
greenhouses, these days. In the current study, side effects of abamectin, imidacloprid and chlorpyrifos as the widely used 
insecticides were investigated on functional response type and parameters of M. pygmaeus, fed on Tuta absoluta eggs. Sublethal 
concentration (LC30) of insecticides was evaluated in 24 h, using dried residues. The results showed that chlorpyrifos was the most 
toxic insecticide against M. pygmaeus adults.  Functional response study (using different densities including 1, 2, 3, 4, 5, 8, 10, 15, 20 
and 30 prey eggs) showed that predatory bug showed type II functional response before and after treatment with LC30 of 
insecticides. Two insecticides (imidacloprid and chlorpyrifos) decreased attack rate and increased handling time of the predator 
whilst abamectin did not change its handling time, significantly. Thus, it is concluded that abamectin had the lowest adverse effects 
on the predator at laboratory condition. 
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Introduction 
 
Tomato leafminer, Tuta absoluta (Meyrick) (Lep.: Gelechii-
dae), is a micro lepidopteran moth and is considered as one 
of the most devastating tomato pests all over the world 
(Miranda et al. 1998, Desneux et al. 2010, Desneux et al. 
2011). Its damage to the tomato crop can reach up to 100 % 
in the absence of natural enemies and suitable chemical con-
trol (Desneux et al. 2010, Desneux et al. 2011). There are ac-
tive natural enemies on T. absoluta in its native habitat in-
cluding predatory bugs, specially two mirid bugs Macrolo-
phus pygmaeus (Rambur) and Nesidiocoris tenuis (Reuter) 
(Hem.: Miridae), that have shown potential in biological con-
trol of tomato leaf miner destroying the pest population up 
to 80%  (Molla et al. 2009, Boualem et al. 2012).  

 M. pygmaeus is a zoophytophagous predator that natu-
rally colonizes and commercially is used in the biological 
control of several pests of vegetable crops. It is effective in 
IPM programs for control of tomato pests in greenhouses 
(Barnadas et al. 1998, Montserrat et al. 2000a, Arno et al. 
2003, Molla et al. 2009). M. pygmaeus showed promising po-
tential as biological control agent in tomato leafminer in the 
field, semi-field and greenhouse conditions (Arno et al. 2009, 
Molla et al. 2009, Urbaneja et al 2009). 

The natural enemy efficacy in a biological control pro-
gram is related to three major indices including functional 
response type, attack rate and handling time which play cru-
cial role in prey-predator interactions (Juliano 2001, Tully et 
al. 2005, Farhadi et al. 2010). The attack rate (α) is the rate at 
which the consumer encounters food items per unit of food 
density and the handling time (Th) is exposure time that a 
predator takes to locate, identify, capture, kill, consume, and 
digest the prey. They give a quantitative description of the 
predator behavior when it encounters different densities of 
its prey (Farhadi et al. 2010). Functional response of many 
predatory bugs including M. pygmaeus classified as type II 
(reversely depend on prey density), it means that their pre-
dation rate is reduced after elevation of prey density (Foglar 
et al. 1990, Barnadas et al. 1998, Montserrat et al. 2000a). 
Type II functional response could show high efficacy of a 

natural enemy when pests are in low densities (Montserrat 
et al. 2000a, Farhadi et al. 2010).     

Application of pesticides against tomato leafminer has 
increased in greenhouses in order to control this pest. How-
ever, it should be considered that pesticides have both lethal 
and sublethal effects on pest as well as natural enemies (Des-
neux et al. 2007, Rahmani & Bandani 2013). It has long been 
determined that sublethal dose of insecticides adversely af-
fects demographic parameters, functional response type, at-
tack rate, and handling time of natural enemies (Claver et al. 
2003, Ambrose et al. 2010, Arno and Gabarra 2011, 
Broughton et al. 2014). Determination of sublethal effects of 
pesticides on the predatory behavior of the natural enemies 
that survive after exposure, provide useful information re-
garding efficiency of natural enemies (Stark & Banks 2003, 
Desneux et al. 2007, Biondi et al. 2012). As Arno & Gabarra 
(2011) showed that residual toxicity of some pesticides on 
the females of M. pygmaeus caused significant lower fecun-
dity. There was no document found about the sublethal ef-
fects of insecticides on the functional response type and 
predatory parameters of Macrolophus species. 

So far, there is no available information on sublethal ef-
fects of pesticides on biological characteristics of M. pyg-
maeus.  Thus, it seems necessary to investigate side effects of 
widely used insecticides on predatory bug M. pygmaeus. The 
information obtained would be helpful in integration of in-
secticides with the predatory bug in a framework of Inte-
grated Pest Management (IPM) program. Therefore, in the 
current study, the effects of sublethal toxicity of abamectin, 
imidacloprid and chlorpyrifos as representatives of avermec-
tin, neonicotinoid and organophosphate pesticides, respec-
tively were investigated on functional response type and pa-
rameters of mirid bug, M. pygmaeus, fed on T. absoluta eggs 
in the presence of host plant tomato. 

 
 

Material and methods 
 

Insect cultures 
Initial population of M. pygmaeus was purchased from Koppert (500 
adults, commercial name of Mirical®). T. absoluta and E. kuehniella 
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Zeller (Lep.: Pyralidae) populations were provided from laboratory 
culture of the University of Tehran, Karaj, Iran.  

Flour moth E. kuehniella eggs and tomato plant (Lycopersicon es-
culentum cv. Xaman F1) were used in mass rearing of predator as 
prey and host plant, respectively (Arno & Gabarra 2011). Flour moth 
was reared on a diet consisting of flour and dried yeast (95:5 WW) in 
the darkness. Predatory bug and tomato leaf miner were mass reared 
under greenhouse condition (60-75% R.H., 25-27 °C and photoperiod 
of 16:8, light: darkness).  

 
Chemicals 
The insecticides tested were Confidor SC (imidacloprid 35% Arya-
shimi Co., Zahedan, Iran), Vertimec EC (abamectin 1.8%, Hezare-
sevom Co., Tehran, Iran) and Dursban EC (chlorpyrifos 57%, Golsam 
Co., Gorgan, Iran). 

 
Bioassay 
Three leaflets were cut from tomato plants and dipped in distinct 
concentrations of insecticides that caused predator mortality of 20-80 
percent according to pretests. Leaflets were soaked in pesticides so-
lution for 30 seconds and let it air-dry for 15 min. Control was 
soaked in distilled water only. The petiole of each leaflet was 
wrapped in cotton and inserted into a plastic tube filled with water. 
Each leaflet was isolated in a ventilated drum-cell test cage formed 
by a round Plexiglas frame (diameter: 9 cm; height: 3.5 cm) with two 
Petri dishes on the bottom and the top (van de Veire et al. 1996, Arno 
& Gabarra 2011). A circle of wet cotton was located around the peti-
ole, preventing the escape of bugs. Each experiment replicated 3 
times. All bioassays were carried out in laboratory condition (25-27 
°C, 67±7% R.H. and 16L:8D photoperiod). Twenty 1-day old adult 
bugs were placed in each Petri dish. Tested bugs were considered as 
dead when no leg or antennal movements were observed after 
touching them with fine brush. 

 
Functional response 
Adults of M. pygmaeus (1 day old) were collected from the stock cul-
ture and their functional response was studied before and after 
treatment with sublethal dose (LC30) of abamectin, chlorpyrifos and 
imidacloprid. The adults were starved for 24 h before testing. Func-
tional response of treated adults was studied after 24 h. T. absoluta 
eggs were used as prey in different densities (1, 2, 3, 4, 5, 8, 10, 15, 20 
and 30). Prey densities were selected according to pre-tests using 
enough prey in which the predator reached to relatively stable 
amounts. Tomato apical leaflets were used in Petri dishes (10 cm di-
ameter) as described in bioassays. Initial prey densities (1-5) were 
replicated for 15 times (to obtain more precise shape of linear part of 
functional response curve) while other densities replicated only 10 
times. Experiments were performed under laboratory conditions (25-
27 °C, 60-75 %RH and a light: dark photoperiod of 16:8 h). Predators 
were removed after 24 h and the number of prey attacked (Na) was 
recorded. Preys were not replaced during the experiment. 

 
Data analysis 
Polo-plus 1.0 (LeOra Software, 2002-2009) was used for probit analy-
sis and calculation of either sublethal concentration or LC ratio of in-
secticides. 

Polynomial logistic function (Juliano 2001) was fitted to data for 
determination of functional response curve (type), as equation (1):  

Where P0, P1, P2, and P3 to be estimated using the CATMOD 
procedure in SAS software (SAS Institute Inc. 2003). signs of P1 and 
P2 determined the types of functional responses, if P1 is negative, a 
type II functional response is indicated, while positive sign of P1 to-
gether with a negative sign of P2 would indicate a type III functional 
response (Juliano 2001). 

Secondly, nonlinear least square regression (NLIN procedure in 
SAS) was used to estimate the parameters of the Holling's disk 
(Equation (2)). 

 

Where ɑ is predator attack rate and Th is its handling time. Then, 
the obtained parameters were compared between two functions us-
ing equation (3) with indicator variables: 

 

Where (j) is an indicator variable that takes value 0 for control 
and 1 for treated predators. The parameters Da and DTh estimate the 
differences between the treated and control insects in the value of the 
parameter a and Th, respectively. In other word, the handling time 
for the control is Th and for the treatment is Th+DTh. To find the dif-
ference between two handling times (for control and treatment), it 
must be proved that DTh is not equal to zero. If DTh isn’t be signifi-
cantly different from zero, the difference between Th and Th+DTh is 
not significant and the two handling times are not statistically differ-
ent (Juliano 2001). 

 
 

Results 
 
Bioassays 
Bioassay results showed that LC50 values of chlorpyrifos, 
imidacloprid and abamectin were 30.66, 52.81, and 69.36 mg 
a.i/L, respectively.  Thus, chlorpyrifos was more toxic 
against M. pygmaeus than the other two pesticides and the 
least toxic insecticide was abamectin as seen in Table 1. Also, 
slope values showed that mortality of M. pygmaeus in 
abamectin treatment (8.511 (1SE: 1.138)) is more dose-
dependent than the other two insecticides.  

 
Functional response 
The results of the logistic regression analysis indicated a 
type II functional response for all treatments and control as 
the sign of the linear term was negative in all cases (Table 2). 
Predatory parameters of M. pygmaeus including α (attack 
rate) and Th (handling time) are shown in Table 2. Sublethal 
concentration (LC30) of all three insecticides decreased attack 
rate of M. pygmaeus as a result maximum α was observed in 
the control (0.2251 h-1) and the minimum α was observed in 
chlorpyrifos (0.0832 h-1) treatment. Thus, the negative effect 
of the three insecticides on the attack rate was as chlorpyri-
fos > imidacloprid > abamectin > control. 

There is no significant difference in predator attack rate 
when exposed to imidacloprid (Dα= -0.1418) vs. chlorpyrifos 
(Dα= -0.1423), to abamectin (Dα= -0.1245) vs. chlorpyrifos 
(Dα= -0.1423), or to abamectin vs. imidacloprid (Dα= -0.1418). 
However, handling time of predator significantly differed 
when exposed to abamectin (DTh= 0.0592) vs. imidacloprid 
(DTh= 0.3048), to imidacloprid vs. chlorpyrifos (DTh= 1.4976) 
or to abamectin vs. chlorpyrifos (DTh= 1.4976). The predator 
handling time values after treatment by chlorpyrifos, imida-
cloprid, and abamectin were 4.24, 3.05, and 2.80 h, respec-
tively (Table 2). Thus, the minimum and maximum handling 
time were observed in the control and chlorpyrifos treat-
ment, respectively.  

Da and DTh values showed significant differences be-
tween the treated and control bugs in case of attack rates and 
handling times, respectively. Obtained results showed that 
predator handling time increased significantly when it ex-
posed to all insecticides but abamectin. However, attack rate 
of predatory bug significantly decreased after treatment by 
all insecticides compared to control.   

Functional response curves of the treated M. pygmaeus in  
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Table 1. Lethal and sublethal concentrations of pesticides on M. pygmaeus adults. 
 

Pesticides LC30*  (lower-upper) LC50  (lower-upper) B (1SE) χ2(df=13) P 

Abamectin 60.182 (55.34-63.64) † 69.356 (65.93-72.44) 8.51 (1SE: 1.13) 4.42 0.78 

Imidacloprid 43.010 (38.49-46.40) 52.807 (49.32-56.31) 5.88 (1SE: 0.79) 2.61 0.89 
Chlorpyrifos 23.149 (20.45-25.40) 30.658 (28.17-33.41) 4.29 (1SE:0.51) 2.77 0.88 
 

*mg a.i/L; † Confidence interval of 95% 
 
 

Table 2. Functional response type and predatory parameters of M. pygmaeus fed on T. absoluta eggs. 
 

Approximate 95% Confidence Limits Treatment N0 type R2 Parameter Estimate Approximate S.E. 

Lower Upper 

Control -0.1376 II 0.7334 α 
Th 

0.2251 
2.7415 

0.0347 
0.0795 

0.1563 
2.5841 

0.2938 
2.8989 

Abamectin -0.1148 II 0.8184 α 
Th 

0.0998 
2.7986 

0.0101 
0.1047 

0.0799 
2.5914 

0.1197 
3.0058 

    Da 
DTh 

-0.1245 
0.0592 

0.0365 
0.1302 

-0.1973 
-0.1973 

-0.0534 
0.3157 

Imidacloprid -0.1711 II 0.819 α 
Th 

0.0837 
3.0469 

0.00841 
0.1242 

0.0670 
2.8010 

0.1003 
3.2929 

    Da 
DTh 

-0.1418 
0.3048 

0.0361 
0.1464 

-0.2129 
0.0165 

-0.0707 
0.5931 

Chlorpyrifos -0.1754 II 0.7534 a 
Th 

0.0832 
4.2398 

0.0115 
0.2069 

0.0604 
3.8303 

0.1060 
4.6493 

    Da 
DTh 

-0.1423 
1.4976 

0.0384 
0.2130 

-0.2179 
1.0780 

-0.0666 
1.9173 

 
 

 
 

Figure 1. Functional response curves of M. pygmaeus exposed to LC30 of abamectin, imidacloprid and chlorpyrifos in com-
parison with control. Vertical bars show estimation of T. absoluta eggs eaten per day (using NLIN procedure, SAS soft-
ware) ± S.E. 

 
 

comparison with control are shown in Figure 1. Minimum 
and maximum reductions in eggs eaten per day were ob-
served in abamectin and chlorpyrifos LC30 treatments, re-
spectively (Fig. 1). 

 
Discussion 
 
Searching behavior is an important factor in the ability of  

natural enemies for regulating their preys or hosts. The main 
aim of the current study was to evaluate this behavior for the 
predator M. pygmaeus on T. absoluta eggs. Also, the side-
effects of three insecticides abamectin, imidacloprid and 
chlorpyrifos on predator behavior were studied.  

Based on our observations abamectin showed less effects 
on M. pygmaeus since it had the lowest effects on the attack 
rate and handling time of predator in comparison with the  
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two other insecticides, in laboratory conditions.  
It has been postulated that attack rate and handling time 

as well as the type of functional response in predators are in-
fluenced by different factors including sub-lethal concentra-
tions of insecticides (Ambrose et al. 2010). We observed Type 
II functional response before and after the treatment of insec-
ticides. This type of functional response was also seen in 
other predators showing their inverse host density depend-
ence (Farhadi et al. 2010, GholamzadehChitgar et al. 2014). 
On the other hand, type III functional response is seen in 
parasitoids that shows a wasted time in prey consumption 
due to parasitoid learning behavior in low densities of prey 
(Hassell et al. 1977).  

Arno et al. (2009) stated that integrated use of predators 
and selective pesticides is the best method for control of to-
mato leaf miner in the greenhouses. However, there are re-
ports showing adverse effect of abamectin on the other 
predatory bugs (i.e. Orius insidiosus (Hem.: Anthocoridae) 
(Bostanian & Akalach 2006) and O. armatus (Hem.: Antho-
coridae)  (Broughton et al. 2013). Also, Kim et al. (2006) indi-
cated that abamectin has negative effects on egg laying ca-
pacity of mirid bug Deraeocoris brevis. Our results showed 
that abamectin LC30 caused significant decrease in M. pyg-
maeus attack rate. Nevertheless, it didn’t cause significant 
enhancement in handling time, however, a slight increase 
still was seen. This pesticide could be a suitable chemical 
pesticide in IPM programs using M. pygmaeus. 

Broughton et al. (2013) showed that imidacloprid was 
“harmless or slightly harmful” (less than 30% mortality) 
against Orius armatus (Hem.: Anthocoridae) in recom-
mended dose (0.05 g ai/L-1). Whilst our findings indicated 
that LC50 of imidacloprid against M. pygmaeus is 0.053 g ai/L-

1. The difference between mortality of above mentioned bugs 
could be due to their feeding habits. Anthocorid bugs almost 
feeding on other insect species as a predator, whilst mirid 
bugs (M. pygmaeus) have more sap feeding habits than an-
thocorid bugs (Montserrat et al. 2000b).  Moreover, toxicity 
of imidacloprid as a neonicotinoid pesticide with systemic 
and contact toxicity on sap sucking insects could justify high 
toxicity of imidacloprid on M. pygmaeus.  

Also, for the first time functional response of M. pyg-
maeus was studied on T. absoluta eggs. The results revealed a 
type II functional response for M. pygmaeus fed on tomato 
leafminer eggs. Type II functional response seen in other 
predators as well as showing their immediate enhancement 
in predation rate as a result of prey increasing density 
(Farhadi et al. 2010). 

He et al. (2012) indicated that imidacloprid residual LC50 

against Serangium japonicum (Col.: Coccinellidae) increased 
handling time and decreased attack rate as well as voracity 
of mentioned predator fed on Bemisia tabaci eggs. They sug-
gested that high toxicity of imidacloprid on S. japonicum is 
mostly related to its contact toxicity because imidacloprid 
did not have any adverse effects on the predator functional 
response and even viability. 

Ambrose et al. (2010) studied the side effects of Synergy-
505TM (chlorpyrifos 50% and cypermethrin 5% E.C), on func-
tional response of Rhynocoris marginatus (Hem.: Reduviidae) 
and indicated that this pesticide caused type II functional re-
sponse with reduced attack rate, and prolonged handling 
time in nymphal instars and adult males and females. The 

effect of cypermetrin on the functional response of Acan-
thaspis pedestris (Stal) (Hem.: Reduviidae) indicated that the 
pesticide negatively affected the functional response events 
such as attack rate, handling time, rate of discovery and also 
reduced the predatory efficiency (Claver et al. 2003). 

Based on the data obtained in the current study, it is con-
cluded that sublethal concentration (LC30) of imidacloprid, 
abamectin, and chlorpyrifos have adverse effects on func-
tional response parameters of M. pygmaeus, whilst functional 
response type of the predator did not change before and af-
ter treatment with pesticides i.e. there were no significant 
differences between treatment with pesticides and control. 
Amongst the used pesticides, abamectin had the lowest ad-
verse effect on the predator and it even did not change han-
dling time significantly, however its compatibility with the 
predator should be proven through complementary studies. 
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