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A review of insecticide resistance in the natural enemies of pest insects
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Abstract  Research into insecticide resistance in the natural enemies of pest insects has both theoretical and practical
significance for the combined use of chemical and biological control in integrated pest management (IPM). Insect natural
enemies have huge potential value in pest control if they can be used simultaneously with insecticides in IPM. Current
understanding of pesticide resistance in the natural enemies of pest insects is reviewed, including the effects of insecticides,
present knowledge of insecticide-resistance, resistance mechanisms and factors limiting the development of insecticide
resistance. The prospects for the future development of populations of natural enemies with high insecticide resistance is also
discussed.
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Table 1 Toxicity of insecticides to predacious natural enemy of insect
LC50/LD50
Insect natural Insect life . . .
enemies stages Insecticides LCso ) (mg/L)/(LDso) (ng/ind.) Bioassays References
A 23 4.7 13.8
527.5
Jalali et al.
Adalia R 2009
bipunctata L. 0.8 1.1 1.7
L 454.0
) A 9.94) 23.2) 57.3) Wu et al.,
Chilomenes 307.0) 2007
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0.6 0.7
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4.0 5.6 33.7 2009
37.7
%3 1 (Table 1 continued)
LC50/LD50
Insect natural Insect life .. . .
enemies stages Insecticides LCso ) (mg/L)/(LDso) (ng/ind.) Bioassays References
0.7 0.7
A 1.8 34 4.7 R ,
5.2 8.0 41.6 2009
49.4
1.5 2.3
A 2.9 21.5 73.9 R 2001 ’
111.9
. . 3.7 6.0
Propylea japonica
Thunberg A 16.1 30.6 175.8 R
223.0 224.7 536.0
1435.2 1520.9
0.2 2.0 1997
2.3 32 10.2
L 14.9 18.7 19.3 T
21.5 21.7
26.7 41.1 70.5
0.006 0.007
0.026 0.031
0.038 0.038 0.061
L 0.109 0.122 T 2006 ’
. 0.132 0.134 0.160
Coccinella
septempunctata L. 0.171 0.238
0.368
A 0.5 2.5
28.1 301.0
R ,
. 0.02 0.9 1998
33 131.6
. A 201.2 1009.1 R ,
Cf)ccznella 36342 2008
undecimpunctata L.
9.0 14.9
A R )
Harmonia axyridis 449 156.7 313.4 2008
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23.4 56.9
A 75.2 2203 1657.6
R b
L 86.2 97.0 276.3 2001
4923.8
43 1 (Table 1 continued )
LCs0/LDso
Insect natural Insect life .. . .
enemies stages Insecticides LCso ) (mg/L)/(LDso)(pg/ind.) Bioassays References
. . A 197.1 489.2 R ,
Hzppodamla 693.1 2008
variegata (Goeze)
A 5.1 5.7 137.7
199.4 218.7 551.3
Chilocorus
2
rubidus Hope 2.0 32 14.9 - 2006
L
21.5 18.7 70.5
0.05 0.2
Chrysopa A 0.3 0.5 1.2 R :
septempunctata 49 2001
Weimael ’
8.2 41.0
desjardinsi (Navs) 7 799.6
0.2 0.5 0.7
1.6 3.0 49
10.8 24.5 27.2 R 2008 ’
35.7 82.5 160.7
Cyrtohinus A 217.8
lividipennis (Reuter)
0.06 0.4 0.4
2.9 3.7 6.0 D Ta“azkg‘off al.,
40.0 63.3 427.0
0.04 7.7 55
Pardosa L 109 440 592 D Ta“zkgoff al.,
pseudoannulata 671 2 104 7 549
0.03 0.9 1.9
Tetragnatha L 549 136 522 D Tanazkoaof)t al‘,
maxillosa 1073 1275 1 660
1.1 5.2 449
. L 894 995 6079 D Tanaka et al.,
Ummeliata ~8 000 ~8 000 -8 2000

insecticeps

000



0.83 4.7 501
. L 801 2572 4869 b Tanaka et al.,
Gnaﬂ.zonarzum 5731 >8 000 >8 2000
exsiccatum
000
0.3 65.7 118.7
Avelena difficili A 459.3 >8 000 R 5010 ’
gelena difficilis ~8 000
A: L: R: T: D: LCso LDso

A: Adult, L: Larval, R : Residual film technique, T: Topical application, D: dip method. Insecticides in the table are followed by
toxicity order from high to low, which means the LCso(LDso) arrange in order from low to high. The same below.
R2 FHRIIMFEMEXBHSHE

Table 2 Toxicity of insecticides to parasitoids

LCs0/LDso
Insect natural Insect life .. . .
enemies stages Insecticides LCso ) (mg/L)/ /(LDso)(ng/ind.) Bioassays References
1.58 2.28 ,
Aphidius gifuensis A 823 9.03 26.70 R 1989
Ashmead ' ’ '
0.06 0.58 3.36
Cotesia chilonis A 69.20 200.39 206.73 R 2012 )
(Matsumura) >3 978.78
A 0.13 0.24 R s
Macrocentrus
0.46 1.61
linearis (Ness) 2010
A 9 12.44 15.64 81.04
Dastjerdi
Habrobracon R et al., 2008
hebetor (Say) A 6\ 6.91 11.73 40.39 ”
0.06 0.62 4.30 Wu et al.,
Opius flavus Weng A 14.1 R 2007
et Chen ’
0.11 1.40 7.06 Wu et al,’
Pteromalus A 14.50 R 2007
puparum (L.) ’
0.12 3.97 4.08 Wu et al,’
Diadromus collaris A 40.0 R 2007
(Gravenhorst) )
0.21 0.69 5.13 ,
Tetrastichus A + 178.85 R 2008
brontispae '
A O 6.14 25.11 203.47
306.31 411.46 599.21
R b
Anagrus spp. N 027 4.60 263.15 2010

337.20 583.85 783.11
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2 Dastjerdi (2009)
GRR P
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Satar (2012)
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Coccinella transversalis Fabricius
Micromus tasmaniae
(Vicia faba) Aphis fabae
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Papachristos and Milonas, 2008 Kim 2006
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Olszak et al., 1994
Stansly, 2004
Wang et al., 2005; Simelane et al., 2008
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Zhang et al., 2006a, 2006b
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1979 281

9 Croft and Morse 1979 1988

31 1993
1991 32 Croft 1991 2002
44
18 12 6 4
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20
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5.4 7.6 Jalali

(2006)

Trichogramma chilonis Ishii 341

15.2 2008

1.93~6.72
5.35~39.08
3.49~29.76
Trichogramma dendrolimi Matsumura
9.52~70.66 70.13~288.16  11.84~50.38
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Phenyl
saligenin cylic phosophonate
30.6 1998 68 LDso 17 000
Comperiella bifasciata Howard ng/g 250 ug/g
66 22 Cortt, 1991
1991
Iso Sitobion avenea
(Fabricius) 26.4
Anisopteromalus calandrae (Howard)
2500
200
Baker, 1995 Baker et al., 1998 2012
. Kumral
3 iﬁﬁ%‘l‘i*}lﬂ 2011 CarE
Stethorus
gilvifrons (Mulsant)
Zhang 2012
Cryptolaemus
montrouzieri Mulsant
Motoyama 1971 993
Amblyseius fallacis
AChE
Cui (2011) S-
(GSTs) P450
Sato (2006, 2007) Baker et al., 1998
Amblyseius womersleyi 16 Baker et al.,
LCso 1997 Zhu 1999a, 1999b
LCso
A. womersleyi Trp220—Gly220
P450 CYP4 Habrobracon hebetor (Say)
A.
womersleyi GSTs P450 P450
Ishaays  Cassida 1981 AChE
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Perez-Mendoza et al., 2000
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MFO
2002
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2002 , 2003
S,S,S-tributyl phosphorotrithioate, DEF

Bracon hebetor Say

Baker et al., 1995
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