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Effect of imidacloprid on Harmonia axyridis, a biological
control for pest insects
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Abstract [Objectives] The non-lethal effects of pesticides on the natural enemies of pest species should be an important
consideration in assessing the benefits of pesticides. [Methods] Soybean aphids treated with a sub-lethal concentration (LC,s)
of imidacloprid were fed to H. axyridis, and the developmental duration, survival ratio, pupal weight and functional predatory
response of different developmental stages of H. axyridis were measured. [Results] (1) Regardless of the developmental
stage of the G, generation of H. axyridis that was fed imidacloprid treated aphids, their development duration was significantly
prolonged and their pupal weight and survival ratio were significantly reduced. (2) Irrespective of whether the 1st, 3rd or 4th
instar of the G, generation was the first to feed on imidacloprid treated aphids, the 3rd instar period of the G; generation was
significantly extended, and the 4th instar period was significantly shortened. When the 4th instar of the G, generation was the
first to feed on imidacloprid treated aphids, the developmental duration of the G; generation was significantly extended from
the 1st to the 3rd instar. Irrespective of the stage at which the G, generation began to feed on imidacloprid treated aphids, the
pupal weight of the G, was significantly reduced, although the survival ratio of G, larvae did not change significantly. (3)
Feeding H. axyridis imidacloprid treated aphids significantly reduced the maximum predation rate of the 2nd, 3rd and 4th

instars, but there was no significant change in that of 1st instar larvae or adults. [Conclusion] Feeding H. axyridis aphids
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containing a sub-lethal concentration of imidacloprid affected the growth and development of the G, and G, generations, and

also affected their predatory ability, thus affecting the effectiveness of the H. axyridis as a biological control. Non-lethal effects

on non-target insects should be considered when assessing the suitability of insecticides.
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Table 1 Effects of sub-lethal concentration of imidacloprid on the developmental duration
and pupal weight of Harmonia axyridis (Gy) treated with imidacloprid
(d)
Pesticide Developmental duration (2)
treatment  Treatment 1 2 3 4 Pupal weight
stage Ist-instar ~ 2nd-instar ~ 3rd-instar ~ 4th-instar  Pre-pupal Pupae
1 CK  1.86£0.09b 1.57+0.13b 2.71+0.14b 6.33+0.16b 1.06+0.04b 4.91+0.05a 0.034 2+0.000 7a
Isthinstar—y o ) 5840.08b 2.3620.15a 3.03£0.21b 6.08:0.23b 1.03£0.04b 4.83+0.13a 0.026 70.000 5b
LCos(W) 2.66+0.17a 2.18+0.14a 4.39+0.32a 8.00+2.00a 1.38+0.38a 4.50+0.00a 0.022 3+0.000 Ob
2 CK 2.00+0.10b 2.80+0.12b 5.87+0.26b 1.08+0.05b 4.84+0.07ab 0.033 2+0.0006a
Znd-instar 2.16£0.15b 2.92+0.18b 6.36£0.25b 0.92+0.03b 4.93+0.08a 0.026 7+0.000 6a
LCas(W) 2.72+0.21a 4.0940.23a 10.25+1.25a 1.25+0.25a 4.38+0.13b 0.023 9+0.002 4b
3 CK 2.92+0.07b 5.55+0.17b 1.00+0.02b 4.57+0.05a 0.032 4+0.000 Sa
Srd-instar o 3.10£0.14b  6.64+0.39b 1.02+0.04b 4.81+0.06a 0.027 6+0.000 8b
LCys(W) 3.83+0.39a 8.67+0.33a 1.00£0.00b 4.88+0.13a 0.026 1::0.000 5b
4 CK 5.35£0.19b 1.04+£0.04b 4.59+0.10a 0.034 1::0.000 5a
dth-instar 6.8840.27a 0.97+0.04b 4.56£0.04a 0.026 1+0.000 6b
LCys(W) 7.42+0.58a — — —
+ P<0.05 LSD

Data in the table are mean+SE, and followed by different lowercase letters indicate significant difference at the 0.05 level
(LSD method). The same below.
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Table 2 Effects of sublethal concentration of imidacloprid on survival ratio
of Harmonia axyridis (Gg) fed on soybean aphid
(%) Survival ratio
Pesticide
treatment Treatment 1 2 3 4
stage 1st-instar 2nd-instar 3rd-instar 4th-instar Pre-pupal Pupal

1 CK
Ist-instar LCys
LCos(W)
2 CK
2nd-instar LCs
LCy5(W)
3 CK
3rd-instar LCys
LCos(W)
4 CK
4th-instar LCs

LCy5(W)

100.00%=0.00a 100.00%=+0.00a

90.00%+5.77a  83.33%+3.33b
83.33%=+6.67a  63.33%=+3.33¢
100.00%=0.00a
86.67%=8.82ab
76.67%+6.67bc

100.00%+0.00a
66.67%=8.82b
33.33%=+3.33¢
93.33%=+3.33a

66.67%=8.82b
3.33%+3.33c¢
93.33%+3.33a
80.00%=5.77ab  63.33%=8.82b
40.00%+15.28¢c  6.67%+3.33c¢
100.00%+0.00a
86.67%=+3.33ab

33.33%+12.02¢

83.33%+3.33b
10.00%+5.77¢

100.00%=0.00a

63.33%+3.33b
10.00%=+5.77¢

100.00%+0.00a

100.00%+0.00a

100.00%=0.00a 100.00%=0.00a
66.67%=+8.82b  63.33%=8.82b
3.33%+3.33¢  3.33%+3.33c

86.67%+3.33a 86.67%=3.33a
63.33%+8.82b 63.33%+8.82b
6.67%+3.33c
100.00%0.00a 100.00%+0.00a
83.33%+3.33b 73.33%+3.33b
10.00%+5.77¢c  6.67%+3.33c

100.00%=0.00a 100.00%=0.00a
63.33%+3.33b  60.00%=+0.00b

6.67%+3.33c
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Table 3 Effects of sub-lethal dose of imidacloprid on the developmental duration and pupal weight
of Harmonia axyridis (G,) fed on soybean aphids treated with imidacloprid
d Developmental duration
Pesticide ¥
treatment st 1 2 3 4 Pupal weight
reatment stage st instar 2nd-instar 3rd-instar 4th-instar Pre-pupal Pupal
CK 2.62+0.13bc  1.91£0.11b  2.45+0.12¢  6.21£0.26a  0.99+0.04b  4.64+0.06b  0.032 0+0.000 8a
1 tl' . 2.75+0.25b  2.09+0.11b  2.87+0.12b  4.64+0.13b  0.98+0.01b  4.67+0.06b 0.028 1+0.000 6bc
st-instar
2 . 1.92+0.08d  1.85+0.07b  2.24+0.08c  6.03+0.14a  1.11+0.05a  5.20+0.07a  0.029 6+0.000 7b
2nd-instar
3, 2.05£0.15cd 1.98+0.10b  3.25+0.11a  4.54+0.12b  0.96+£0.02b  4.81+£0.14b  0.026 6+0.000 5c
3rd-instar
4, 3.93£0.37a  2.80+0.16a  2.88+0.16b 4.74+0.11b  0.96+£0.03b  4.77+0.08b 0.029 7+0.000 8b
4th-instar
F4 THIRREUWHAMLBXITHN GREEHNEERSFIENZM
Table 4 Effect of sublethal concentration of imidacloprid on survival ratio of each stage
of Harmonia axyridis (G,) fed on soybean aphids treated with imidacloprid
%  Survival ratio
Pesticide 1 2 3 4
treatment stage 1st-instar 2nd-instar 3rd-instar 4th-instar Pre-pupal Pupae

CK 100.00%+0.00a 100.00%=+0.00a 100.00%=0.00a 100.00%=+0.00a 100.00%+0.00a 100.00%=+0.00a
ltl' " 100.00%+0.00a 96.67%+3.33a  86.67%+6.67a  83.33%+8.82a 83.33%=+8.82a 73.33%=*8.82ab
st-iSstar
) j ¢ 100.00%+0.00a 100.00%+0.00a 96.67%+3.33a  96.67%+3.33a  93.33%=*3.33a  90.00%=+0.00a
nd-instar
3(13_ ‘ 100.00%+0.00a 93.33%+6.67a  93.33%+6.67a  93.33%+6.67a  93.33%=*6.67a 93.33%+6.67a
rd-instar
4

4th-instar

100.00%+0.00a

100.00%=0.00a

93.33%+6.67a

93.33%=+6.67a

93.33%=+6.67a

93.33%+6.67a
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Table 5 Functional response of Harmonia axyridis at different stage fed on soybean aphids

) Holling-
Stage Treatment R . . . . . o
Holling-  Disk equation =~ Maximum preying number (individual)
1 CK 0.947 4 N,=1.148 8N/(1+0.042 3N) 23%
Ist-instar LCys 0.9379 N,=0.805 7N/(1+0.004 8N) 23%
2 CK 0.967 5 N,=0.817 9N/(1+0.003 6N) 75°
2nd-instar LCys 0.896 0 N,=0.995 4N/(1+0.011 5N) 63°
3 CK 0.997 5 N,=0.970 ON/(1+0.001 ON) 104
3rd-instar LCys 0.998 5 N,=1.069 5N/(1+0.011 3N) 68d°
4 CK 0.989 5 N,=0.944 6N/(1+0.000 4N) 152°
4th-instar LCys 0.8330 N,=1.160 8N/(1+0.004 5N) 122°
Adult CK 0.906 2 N,=0.997 3N/(1+0.001 ON) 154
u
LCys 0.8859 N,=0.859 4N/(1+0.000 3N) 149°
30 A 100; B
a
~ . 25} BCK a ~ ECK a 2
= =
jf'q’é 20 ”v}é ! mLc, 3
Hﬂ SD s ﬂﬂ SD 60
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£ 10 g 40 ded
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Fig. 2 Preying number of Harmonia axyridis at different stages to aphids

A-D. 1-4 E.
A-D. Preying number of Harmonia axyridis at 1st-4th instar; E. Preying number of Harmonia axyridis adult.
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