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Abstract

Habrobracon hebetor is an important ectoparasitoid of several lepidopteran pests. The efficiency of parasitoids would be
affected by insecticides applications. Integrating the application of biological control agents and insecticides for pest
management requires knowledge about impact and selectivity of the insecticides on biological control agents. In this
study, the lethal and sublethal effects of indoxacarb, Voliam Targo and profenofos were evaluated on different life stages
and some behavioral responses of the parasitoid. Field recommended rate of Voliam Targo and profenofos caused 100 %
mortality on adult female wasps. Based on bioassay tests, the LCsy values of indoxacarb, VVoliam Targo and profenofos
on adult stage were 172.5, 4.4 and 2.9 mg a.i./L, respectively. The result of bioassay experiments on adult stage showed
that profenofos had higher toxicity against adult stage compared to indoxacarb and Voliam Targo. Field recommended
rate of indoxacarb and Voliam Targo had low toxicity on immature stages of the parasitoid. The effect of LC3 of the
tested insecticides on functional response as an important behavioral factor of parasitoids was also studied. The functional
response of the parasitoid revealed a type Il functional response in control and all of insecticides treatments. This study
showed that the control and profenofos treatment had the shortest and longest handling time, respectively. The highest
and lowest maximum attack rate was observed in profenofos and control treatments with 0.992 and 0.507 h, respectively.
Evaluation of sublethal effects of indoxacarb, Voliam Targo and profenofos on orientation behavior of the wasp by
olfactometer showed that the parasitoid preferred untreated host larvae compared with treated host larvae by tested
insecticides. Results showed that profenofos had more negative effects on the parasitoid. Due to the high toxicity effect
of Voliam Targo on adults, it seems that Indoxacarb would be a more suitable insecticide for using in integrated pest
management programs.
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Table 1. Toxicity of tested insecticides on adult female of Habrobracon hebetor.

Lethal concentrations ppm (ng a.i / ml)

, .

Insecticide  slope + SE X L Coo (95%FL) LCso (95%FL)  LCio (95%FL) RQ
2557 1150 517.17

Indoxacarb 3.6+ 0.36 1030 (2210-3141) (1059-1247) (416.7-602.2) 0.22
[383.5] [172.5] [77.6]
274.96 69.83 17.73

Voliam Targo 215+ 0.21 10164  (21528-38859)  (60.48-80.10)  (12.10-23.18) 2.86
[17.3] [4.4] [1.1]
12.46 5.81 271

Profenofos ~ 3.87+0.35 11782 (10.93-14.91) (5.36-6.29) (2.22-3.13) 344.82
[6.2] [2.9] [13]

Riskquotient (RQ) = Field Application Rate (g a.i. ha™) / Laboratory estimated LC50 (mg a.i. L™%)
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Table 2. Effect of field concentrations of tested insecticides on adult female insect Habrobracon hebetor.
Recommended field I0OBC classification

Insecticides concentration (PPM) Mortality rate

Indoxacarb 500 28.7+23° Harmless
Voliam Targo 400 100+0.0° Harmful
Profenofos 4000 100+ 00° Harmful
Control Distilled water 25+14¢ -

IOBC classification 1) harmless (mortality<30%), 2) slightly harmful (>30 and <79%), 3) moderately harmful (>80 and <99%), and
4) harmful (>99%) (Hassan, 1994; Biondi et al. 2012).

*Means within a column followed by different letters are significantly different (Fisher protected least significant difference (LSD), P
< 0.05).
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Figure 1. Probit diagram of Habrobracon hebetor mortality percentage under the treatment of different insecticides.
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Table 3: Emergence rate of Habrobracon hebetor that were exposed as larvae and pupae to a field recommended

concentration of the insecticides (+ SE).

Pupae Larva
Mean
Mean
percentage Mean ercentage Mean decrease i
Insecticide of decrease in  Grouping P 19e X Grouping
L of parasitoid in emergence
parasitoid emergence
emergence
emergence
Indoxacarb ;O'O +2.7 28.5 Harmless 78.0+23 20.4 Harmless
. 48.1 +2.33 slightly 548+ 2.1 slightly
Voliam Targo c 50.9 harmful C 441 harmful
96+15 moderate 354+21 moderate
Profenofos D 90.2 harmful D 63.8 harmful
98.0 +£0.33 98.0+£ 0.3
Control - — -
A A

Means within a column followed by different letters are significantly different (Fisher protected least significant difference (LSD), P

< 0.05).
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Table 4. Logistic regression analysis of Habrobracon hebetor functional response to different densities of Ephestia

kuehniella larvae in control and LCso treatments of insecticides.

Treatment Parameters Estimation  Standard error v P-value
Po {conston) o 0.9693 62.35 <0.0001
Control (linear) ' 0.0365 43.29 <0.0001
P2 (quadratic) 0.0022 ~0.000005 —0.29 05922
P3 (cubic) 0.000002 ' ' '
PO (constsnt) 3.5759 0.6249 32.81 <0.0001
Indoxacarb P1 (linear) -0.3030 0.0834 13.19 0.0003
P2 (quadratic) 0.0099 0.0029 11.18 0.0008
P3 (cubic) —0.00009 0.00002 10.82 0.0010
PO (constsnt) 4.0666 0.6409 40.27 <0.0001
Voliam P1 (linear) -0.4138 0.0839 24.33 <0.0001
Targo P2 (quadratic) 0.0133 0.0029 20.222 <0.0001
P3 (cubic) —0.00012 0.00002 18.89 <0.0001
PO (constsnt) 3.0457 0.5163 34.80 <0.0001
Profenofos P1 (linear) —-0.2960 0.0709 17.41 <0.0001
P2 (quadratic) 0.0091 0.0025 12.72 0.0004
P3 (cubic) —0.00008 0.00002 11.48 0.0007
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Figure 2. Curve of the number of hosts parasitized by Habrobracon hebetor exposed to LCs of insecticides.
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Figure 3. Percentage curves of Habrobracon hebetor parasitized hosts exposed to LCsz of insecticides.

Habrobracon hebetor ;.55 b (iSTy sl el )b (g9, Gialesl 090 (slo iS50 i LCa0 136 .0 Jguo
Table 5. Effect of LCy insecticide tested on the functional response parameters of Habrobracon hebetor.

Attack rate(h™?) L Maximum

Treatment Functional a+ SE ?fzds!:;g time Attack rate

response (Lower-Upper) (Lower-Upper) (T/Th)

0.00374 + 0.000177 0.5068 + 0.00914

Control I (0.00339-0.00409) (0.4887-0.5249) 47:35

. 0.00268 + 0.000196 0.5993 + 0.0177

Voliam Targo I (0.00229-0.00307) (0.5639-0.6347) 40.04
0.00226 + 0.000195 0.72180 + 0.0251

Indoxacarb I (0.00187-0.00265) 0.6718-0.7718 33.25

N I 0.00274 + 0.000252 0.9220 + 0.0296 26.03

(0.00223-0.00324)

(0.6829-0.9811)
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Figure 4. Sublethal effect of tested insecticides on orientation behavior and parasitism of Habrobracon hebetor.
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