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Effects of Sublethal Doses of Insecticides on Predation of
Multicolored Asian Ladybird Harmonia axyridis (Pallas) (Cole-

optera: Coccinelliodae)

WANG Xiao-Yi, SHEN Zuo-Rui” (Department of Entomology, College of Plant Protection, China
Agricultural University, Beijing 100094, China). Acta Ecologica Sinica,2002.22(12):2278~2284.
Abstract ; Insecticides and natural enemies are the two main means to control insect pests at present. A
problem is coming that after spraying of insecticides in the field, some natural enemies were inevitably
influenced at lethal or sublethal degree. In order to seek better techniques for coordinating the chemical
and biological control measures, and improve the level of integrated pest management, effects of sublethal
doses of four insecticides, i. e. , imidacloprid, rotenone, fenvalerate and abamectin, on the functional
response of multicolored Asian ladybird Harmonia axyridis (Pallas) preying on green peach aphid Myzus
persicae (Sulzer) were determined.

The functional response tests of H. axyridis were conducted in Petri dishes with cubage about
73.78cm® in laboratory. And the density of prey M. persicae was set as 20, 40, 60, 80 and 100 head/dish.
The tests were divided into two groups. In the first group, the ladybirds were pretreated with sublethal
doses of insecticides by contact method (exposed to the filter paper with compounds), while the aphids as
prey were untreated. In the second group. the prey aphids were pretreated with sublethal doses of
insecticides by immersing method, but the predator ladybirds were not treated with any insecticides
beforehand. The experimental data were simulated with the model of Holling’s disc equation.

Results revealed that the functional response models of ladybird preying on aphid were all still
conformed to Holling’s type II curve in spite of pretreated with sublethal doses of insecticides; just only
the parameters of models had some changes. But the predatory action of ladybirds on aphids was

influenced to some extent, and the effects were related to the exposure route of predators obtained toxin.
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The discovery rates of ladybirds treated with imidacloprid and fenvalerate by contact method and abamectin
by feeding method decreased, whilst those of other treatments were a litter higher than untreated
ladybirds. But the discovery rates in all treatments were very close, range from 0.9 to 1. 2.

The handling time of H. axyridis pretreated with sublethal dosages of insecticides all prolonged. And
those treated with fenvalerate in two groups, abamectin by contact method, imidacloprid and rotenone by
feeding method showed the most serious influence. Ladybirds in these treatments spent 1. 93, 2. 37, 1. 93,
1. 72 and 3. 19-fold times to handle the prey compared with the untreated predators, respectively.

The maximal predatory capacities of ladybird pretreated with four sublethal insecticides all reduced.
Those treated with fenvalerate in two groups, abamectin by contact method, imidacloprid and rotenone by
method of feeding poisonous aphids, decreased pronouncedly. The reduction rates were 48.16% .,
57.74% . 48.14%, 41.87% and 68.69%, respectively. While those treated with imidacloprid and
rotenone by contact method and abamectin by feeding method were relatively close to that of control,
reduction percentages were just 8.16%, 2.74% and 2.69%.

The predatory rates of ladybird pretreated sublethal insecticides were declined except in those treated
with abamectin by feeding method. Up to 18 hours after treatment, predatory rates of all treatments were
lower than that of control, those treated with fenvalerate by two methods and rotenone by feeding method
reached significant levels. The predatory rates decreased 47.14%, 42.14% and 48. 22% on the 24h after
treatment, rcspcclivcly.

The lower the prey density was.the higher the searching efficiency of predator was. The searching
efficiencies of ladybird treated with four insecticides in two groups reduced than that of untreated
predators. Especially to those treated with imidacloprid and fenvalerate by contact method, and rotenone
by feeding method, the searching capability of natural enemy was influenced more seriously. The searching
efficiencies of these three treatments decreased 16.73%. 19.44% and 16.85% . respectively, when
compared as prey density 20.

These findings suggested that insecticides at sublethal level had harmful influence on the predation of
H. axyridis. The predatory capability of multicolored Asian ladybird to aphid was weakened at different
degrees after treated with sublethal doses of insecticides. The results will give better directions for using
pesticides rationally and scientifically, and also contribute to coordinate the chemical and biological control
measures against insect pests.
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Table 1 The doses of pretreated ladybirds and aphids
(mg/L) % (mg/L) %)
Ladybird Concentration  Motality Aphid Concentration  Motality
Imidacloprid (1y) 33.3 7.5 Imidacloprid (I,) 0.6 25.4
Rotenone (R}) 62.5 0 Rotenone (R3) 3.0 24.5
Fenvalerate (Fy) 12.5 26.7 Fenvalerate (F) 45.0 22.4
Abamectin (A}) 14. 4 0 Abamectin (A3) 0.01 26.2
x , [,
LCy The toxicity determinations of four insecticides on the H.

axyridis and M. persicae had been conducted previously, and results had been published in another journal. When
pretreated the ladybirds, if the concentrations of insecticides applied in the field for controlling aphids were still lower

than the LCss of insecticides to ladybirds, then treated ladybirds using the recommended dosages in the field
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Table 2 Effects of sublethal insecticides on the predatory capacities of ladybirds
Prey Density (head/Petri dish)

Treatments
20 40 60 80 100
L 16. 25+ 1. 44° 36. 254 1. 65° 37.5046. 03 50. 75+9.91° 61.0049. 01
R, 19. 75+0. 25° 38.5040. 50° 47.25410. 50 66. 504 2. 50 65. 009. 44
F, 15.7543. 61* 28. 504 3. 95° 46.25413. 09* 48.7546. 30° 37.00414. 72"
Ay 19.5040. 50° 33.5046. 50° 42.0043. 00% 52.754+6.07 53.7547. 90"
I, 19.25+0. 75° 31. 754 3. 64° 51.2543. 35% 48.75417.61° 55.25+10. 00
R 16. 25+ 3. 42° 30. 004 3. 81° 29. 0048. 55" 43.0049.01° 36.2545. 920
F, 18.5040. 29° 35. 50+ 1. 26° 46.7545. 68 45.00£7.77° 40. 504 2. 25°
A, 19.2540. 48° 39.0040. 417 57.5041. 32 56.25+9.99° 59.6747. 88"
CK 19. 7540. 25° 38.5040. 96° 50. 504 3. 66° 58.3349. 24° 70. 007. 00
* 4 « + (SE); 5% (DMRT)

Data in table were the average values of four replicates (head £ standard errors. The data in the same column with the

same letters are not significantly different (DMRT)
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, 1.93.2.37.1.93,1.72  3.19
s (F,.F» (AD) I, (Ry)
s 48.16% .57. 74 % .48.14%.41.87%  68.69%,
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Table 3 Simulating results of functional response models of all treatments

Linear equation r Disc equation
= 11 Correlation  T-+d «N . . Namax ()
Treatments Na ¢ WJF/} coefficient Na71+“, *Ty+ N fi i) (head)
1 _ 1 . o s ~ 0.912495N
I Nail' 095895 N +0.005355  0.9852 Nu771+0. 00188612N 7.71 186. 74
1 1 . ook . 1.109390N -
Ry Na—O. 901396 N+0. 005057  0.9957 1\/a771+0. 00561019 7.28 197. 75
, 1 1 ‘s . 0.949021N _
Fy Na71.053718 N+0. 009488  0.9653 Nu771+0. 00900431 N 13.66 105. 40
1 ; 1 x o . 1.200672N -
Ay Nafo.832867 N+O. 009484  0.9987 Aa771+().011387171\" 13. 66 105. 44
1 1 ‘s . 1.150060N
1, Nu70.869520 N+O. 008460  0.9902 Au771+0. 0097951N 12.18 118. 20
) 1 onsas L R PP ;o 1.122920N .
R, ~a 0. 890535 N+O’ 015705 0. 9657 Na 170.01763547N 22.62 63. 67
N 1 1 - . 1.236320N _
F, A—M70.808852 N+0.011637 0.9615 ]\a771+0.01438706/\7 16.76 85.93
1 _ aine 1 . . ;. 1.095164N .
Ay Na 0.913105 N+O. 005054  0.9870 Na 14-0. 00553496 N 7.28 197. 86
, 1 1 N . 1.107052N
CK Nd—o. 903300 N+0. 004918  0.9980 ]\/ail-ﬁ-(). 00544448 N 7.08 203. 33
* % P<70.01, % % x P<0.001
4
Table 4 Effects of sublethal doses of insecticides on predatory rates of ladybirds
Time after treatment (h) 24h %)
Treatments 4 8 12 18 24 Reduction
I 3.750041.1050% 2.625040.4563> 2.2917+0.2217%> 2. 527840. 3089*> 2. 54174 0. 3754 12. 86
R, 3.5825+1.2600%" 2.781340.6063" 2.416740.5152% 2. 27784 0. 3733%> 2. 7083+ 0. 3933 7.15
F 2.437542. 4375 2.062541.1213" 1. 85424-0. 9758 1.43064-0. 7356° 1.54174-0. 6133 47. 14
Ay 3.250040. 9475" 2.937540. 4575 2.5833+0. 4575 2. 1806+ 0. 4573*> 2. 2396+ 0. 3292 23.21
I, 3.1875+1.1475% 3.1875+0.4100> 2.8333+0. 4208 2. 6250+ 0. 4856*> 2. 3021 +0. 4167 21.07
R, 2.2500+1.2825" 1.7188+0.5113" 1.52080.4042" 1.333340.3706° 1.5104+0. 2467" 48. 22
F, 2.187540.7800" 2.1563+0.3663" 2.1875+0.1783> 2.0986+0. 0767 1.6875+0.0938" 42. 14
A, 7.125040. 9925* 4.416740.1275* 3.2778+0.1208* 2.5556=40. 0639*> 2. 4863+ 0. 3283 14.76
CK 4. 25004 1. 2500 3. 375040. 1250" 3. 2500+ 0. 5833%" 3. 6944 40. 3733% 2. 9167+0.2917°
* 4 ¢ /h+ (SE); DMRT 5%

Data in table were the average values of four replicates (head/h) +standard errors. The same letters after

data in the same column in table showed no significant difference at 5% level based on DMRT
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