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Integral Pest Management of the Western Flower Thrips, Frankliniella
occidentalis. Optimal Time to Introduce a Natural Predator after Chemical
Insecticide Treatment

Chulyoung Kim, Donghyun Lee, Donghee Lee', Eunhye Ham” and Yonggyun Kim*

Department of Plant Medicals, Andong National University, Andong 36729, Korea
Industry Academy Cooperation Foundation, Andong National University, Andong 36729, Korea
’Institute for Bioresources, Osangkinsect Co., Ltd., Guri 11921, Korea

ABSTRACT: The western flower thrips, Frankliniella occidentalis, infests the hot pepper cultivated in greenhouses and has been considered
to be controlled by a natural enemy, Orius laevigatus. However, sporadic outbreaks of the thrips due to fast population growth occasionally
need chemical insecticide treatments. This study was designed to develop an optimal integrated pest management (IPM) by using selective
insecticides along with a safe re-introduction technique of the natural enemy after the chemical insecticide treatment. First, chemical
insecticides were screened to select the high toxic commercial products against F. occidentalis. Five insecticides containing active
components (pyriproxyfen+spinetoram, abamectin, spinosad, acetamiprid, and chlorpyrifos) were selected among 17 commercial
products. These five selected insecticides gave different toxic properties to the natural enemy, O. laevigatus. Especially, abamectin and
spinetoram gave relatively low toxicity to the natural enemy compared to organophosphate or neonicotinoid. Furthermore, the five
selected insecticides were assessed in their residual toxicities against O. laevigatus. Organophosphate and neonicotinoid insecticides
showed relatively longer residual toxicity compared to abamectin and spinosads. Indeed, abamectin or spinetoram did not give any
significant toxicity to O. laevigatus after 3 days post-treatment. These residual effects were further supported by the assessment of the
chemical residue analysis of the insecticides using LC-MS/MS. These results suggest an [PM technology: (1) chemical treatment of
abamectin or spinetoram against sporadic outbreaks of F. occidentalis infesting hot pepper and (2) re-introduction of O. laevigatus to the
crops after 3 days post-treatment to depress the equilibrium density below an economic injury level.
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Fig. 1. Screening 17 registered insecticides (T1-T18’, see Table S1) against the western flower thrips, £. occidentalis. Test doses used the
concentrations recommended by the suppliers. (A) Variation in insecticidal activities at 3 days after treatment (DAT). ‘CON’ represents a
control spray with water. Different letters above standard deviation bars represent significant difference among means at Type | error =
0.05 (LSD test). (B) Insecticidal activities of different treatment doses of 8 selected insecticides against the adults. Each treatment were
replicated three times. Each replication used 10 individuals.

Table 1. Median lethal doses (LCso) of 8 selected insecticides. Results are shown in Fig. 1B

Insecticides LCs0 (95% CI), ppm Slope + SE R? X2 df
Pyriproxyfen+ Spinetoram (T7) 2.39(1.19~4.08) 1.64 £0.15 0.95 0.05 2
Spinosad (T12) 5.00 (2.47~10.11) 1.58 £0.15 0.92 0.05 2
Chlorpyrifos (T4) 8.45 (4.12~17.33) 1.27 £0.15 0.85 0.11 2
Acetamiprid (T14) 22.09 (8.06~60.56) 1.14£0.22 0.99 0.89 1
Abamectin (T16) 48.46 (25.55~91.92) 2.67+0.14 0.98 0.98 2
Chlorfenapyr (T17) 54.47 (20.16~147.17) 1.04 £0.22 0.97 0.99 2
Dinotefuran (T5) 77.26 (40.71~146.61) 226+0.14 0.98 0.95 2
Emamectin benzoate (T15) 83.25 (31.67~218.82) 1.05£0.21 1.00 0.9 2
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Fig. 2. Field assay of two selected insecticides against £. occidentalisinfesting hot pepper cultivated in a greenhouse: T7 (pyriproxyfen+
spinetoram) and T12 (spinosad). ‘CON’ represents a control spray with water. The assays were separately performed to the thrips infesting
two hot pepper varieties (Hanrim and Nokkwang). Two commercial insecticides were prepared in 500 ppm and treated by a foliar spray. An
experimental unit was 15 hot pepper plants and was replicated three times with a randomized block design. Total thrips including larvae
and adults were counted. Relative survival rates were estimated at different days after the spray.
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Fig. 3. Toxicities of five selected insecticides against a predator, O. /aevigatus in different treatment doses (A). The test insecticides
exhibited relatively high insecticidal activities against £. occidentalis (see Fig. 1). Each treatment are replicated three times. Each replication
used 10 individuals. The toxic effects were assessed by counting dead adults at 3 days after treatment (DAT). The dose-mortality data were

analyzed to get median lethal concentrations and 95% confidence intervals (Cls) (B).
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Fig. 4. Residual toxicity of five selected insecticides against a predator, O. laevigatus. Five insecticides were sprayed on hot pepper plants
in their recommended doses (see Table S1). The leaves were collected at four different elapsed time points (24, 48, 72, and 96 h) after the
insecticide spray. The leaves were placed on a round dish (2.5 cm radius and 7 cm height). Ten adults of O. /laevigatuswere released to each

dish along with thrips for diet. Mortality was measured at 24, 48, and 72 h after the adult release.
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Fig. 5. Chemical analysis of insecticide residues using LC-MS/MS. Four different insecticides were sprayed on hot pepper plants in their
recommended doses (see Table S1): T4 for chlorpyrifos, T7 for pyriproxyfen+spinetoram, T14 for acetamiprid, and T16 for abamectin. The
leaves were collected at four different elapsed time points (1, 3, 10, and 14 days) after the insecticide spray. (A) Representing
chromatograms of six active components of the test insecticides at different collection time points. (B) Time course of the insecticide
residue amounts after the spray.
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Supplementary Information

Supplementary data are available at Korean Journal of

Applied Entomology online (http://www.entomology?2.or.kr).
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