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Greenhouse Whitefly and Thrips Management Model Using Natural Enemies
in Semi-forcing Culture of Tomato

Tae-Sung Jeong, Mi-Ran Hwang, Se-Jung Hwang, Jae-Hong Lee, An-Soo Lee, Heon-Seop Won, Dae-Ki Hong, Jum-Rae Cho' and Eun Hye Ham?*

Division of Agricultural Environment Research, Gangwon-do Agricultural Research and Extension Services, Chuncheon 24226, Korea
1Crop Protection Division, National Academy of Agricultural Science, RDA, Wanju 54875, Korea
Institute for Bioresources, Osangkinsect Co., Ltd., Guri 11921, Korea

ABSTRACT: To investigate the control effect of insect pests by natural enemies, sticky traps were used in commercial tomato
greenhouses in Chun-cheon and the experiment fields of Gangwon-do Agricultural Research and Extension Services, Republic of Korea
using semi-forcing culture (February to June). We selected low toxicity pesticides, environment-friendly agricultural materials (EFAM),
and natural enemies of the study species, combinations of which have been previously used in farms to control insect pests. In this study,
Trialeurodes vaporariorum and thrips, which are major agricultural insect pests, were studied in experimental greenhouses. The adult 7
vaporariorum population was observed in mid-April and the population of thrips showed occurrences in early April. Regarding seasonal
fluctuation, T vaporariorum peaked in mid-May and thrips peaked after June. one insecticide, spiromesifen suspension concentrate (SC);
one fungicide, cyazofamid SC; and two EF AMs containing neem tree extract were shown to be slightly toxic to Encarsia formosa and
Orius laevigatus. The results of this study could be used to develop management models using natural enemies of control the insect pests;
T. vaporariorum and thrips in semi-forcing culture of tomato.
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Table 1. Design of the five greenhouse trials

. Sancheon-ri Cheonjeon-ri Experiment fields of GARES"
Trials . . - - :
(Trial 1) (Trial 2) (Trial 3) (Trial 4) (Trial 5)
Treatment” B+C B+EI B B+EI C
Cultivar Rapido Megaton Rapido Rapido Rapido
Area (m?) 495 462 165 165 165
Planting date 16-Feb. 4-Feb. 25-Mar. 25-Mar. 25-Mar.
Plant spacing (cm) 90 x 40

YGARES: Gangwon-do Agricultural Research and Extension Services.
2B: Biological, C: Chemical, E: Environment-friendly agricultural materials.

Table 2. Application of natural enemies and pesticides to control insect pests (greenhouse whitefly and thrips) and fungicides on five
tomato greenhouse trials

Application" time

Trials April May June
F M L F M IL, F M L
1 @V ®? KA @’ o’
2 oY oY@ ©? ©?
3 K2 A4 K2 K2 @ v
4 @ @V @® CROK voY oY
5 o’ o (K o’ oY ®®” o’

V®: Encarsia Formosa introduced (rate: 4.5 pupae/m?), ¥: Orius laevigatus introduced (rate: 0.75 adults and nymphs/m?), @: Insecticide
sprayed, ©: Environment-friendly agricultural materials sprayed, (: Fungicide sprayed.

Triflumizole WP 30%.

¥Emamectic benzoate EC 2.15%.

“Citronella oil 30% + derris extract 20% + Cinnamon extract 10% .

*Shphora 20% and neem extract 60%.

®Thiamethoxam WG 10%.

'Chlorfenapyr 6% + Clothianidin10% SC.

9Chlorfenapyr EC 5%.

9Kasugamycin 9% + polyoxin d 4%.
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Table 3. Application of natural enemies and pesticides to control insect pests (greenhouse whitefly and thrips) and fungicides on five

tomato greenhouse trials

Type" Active ingredient (a.i.) Formulation® % a.i. Conc. tested/500 ml

Pyriproxyfen EC 10 0.25 ml
Spinosad WG 10 025¢g
Thiamethoxam WG 10 025¢
Chlorfenapyr, Clothianidin SC 6,6 0.25 ml
Emamectin benzoate EC 2.1 0.25 ml
Dinotefuran WP 10 05¢g
Spiromesifen SC 20 0.25 ml
Clothianidin SC 8 0.25 ml

| Novaluron SC 10 0.25 ml
Cyantraniliprole EC 5 0.5 ml
Abamectin, Chlorantraniliprole SC 1.7,4.2 0.25 ml
Spinetoram WG 5 025¢g
Clothianidin, Spinetoram SC 6,4 0.25 ml
Cartap hydrochloride GR 4 05¢g
Sulfoxaflor WG 7 025¢g
Thiacloprid SC 10 0.25 ml
Acetamiprid, etofenprox WP 25,8 05¢g
Buprofezin, thiacloprid SC 20, 5 0.25 ml
Kasugamycin, polyoxin D WG 9,4 025¢g
Fludioxonil SC 20 0.25 ml

F Amisulbrom SC 13.5 0.25 ml
Cyazofamid SC 10 0.25 ml
Iminoctadine tris(albesilate), polyoxin B WP 20, 10 05¢g
Seaweed and peat extract - 20, 11 1 ml
Neem extract 1 - 80 0.5ml

B Sophora seed extract - 70 0.5 ml
Neem extract 2 - 80 0.25 ml
Neem extract 3 - 100 1 ml
Shphora and neem extract - 20, 60 0.5 ml

"l Insecticide, F: Fungicide, E: Environment-friendly agricultural materials.
JGR: granule EC: emulsifiable concentrate SC: suspension concentrate, WG: water dispersible granule, WP: wettable powder.
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Fig. 1. Daily mean temperature ('C) and relative humidity (RH) (%) of the tomato greenhouse during the experiment. Error bars represent

the standard error.
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Fig. 2. Population density of Trialeurodes vaporariorum in different treatments: biological + chemical (Trial 1), biological + environment-
friendly agricultural materials (EFAM) (Trial 2), biological (Trial 3), biological + EFAM (Trial 4), and chemical (Trial 5) in tomato greenhouse in
Chuncheon during the 2016 growing season. Error bars represent the standard error (P < 0.001).
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Fig. 3. Population density of thrips in different treatments: biological + chemical (Trial 1), biological + environment-friendly agricultural
materials (EFAM) (Trial 2), biological (Trial 3), biological + EFAM (Trial 4), and chemical (Trial 5) in tomato greenhouses in Chuncheon during

the 2016 growing season. Error bars represent the standard error (P < 0.001).
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Table 4. The effects of different pesticides and environment-friendly agricultural materials on adults of Encarsia formosa and Orius
laevigatus by the leaf dipping method at 24 and 48 h after treatment (P < 0.00001)

% corrected mortality (Mean + SD)"

Active ingredient E. formosa O. laevigatus
IDAT Class 1DAT 2DAT Class
Pyriproxyfen 36.7£12.5 66.7+0.0 2 46.7+12.5 63.3+12.5 2
Spinosad 70.0 £8.2 100+ 0.0 4 53.3+18.9 90.0+0.0 3
Thiamethoxam 63.3+94 96.7+4.7 3 76.7+4.7 100+ 0.0 4
Chlorfenapyr,Clothianidin 70.0 £8.2 93.3+94 3 60.0£8.2 86.7+4.7 3
Emamectin benzoate 50.0+14.1 90.0+8.2 3 63.3+4.7 76.7+4.7 2
Dinotefuran 56.7+9.4 66.7+12.5 2 63.3+4.7 86.7+4.7 3
Spiromesifen 46.7+9.4 56.7+17.0 2 40.0+21.6 60.0+16.3 2
Clothianidin 40.0+8.2 70.0+ 0.0 2 50.0£8.2 733+12.5 2
Novaluron 50.0+14.1 70.0£8.2 2 73.3+12.5 100+ 0.0 4
Cyantraniliprole 40.0+£0.0 73.3+4.7 2 56.7+9.4 80.0+8.2 3
Abamectin, Chlorantraniliprole 36.7+9.4 70.0 + 8.2 2 733+4.7 86.7+94 3
Spinetoram 56.7+12.5 933+47 3 60.0+£8.2 833+4.7 3
Clothianidin, Spinetoram 36.7+12.5 70.0+£8.2 2 63.3+4.7 933+94 3
Cartap hydrochloride 56.7+40.3 100+ 0.0 4 40.0+£8.2 76.7+12.5 2
Sulfoxaflor 26.7+4.7 73.3+4.7 2 80.0+21.6 100+ 0.0 4
Thiacloprid 20.0+163 633+4.7 2 100+ 0.0 100£0.0 4
Acetamiprid, etofenprox 23.3+4.7 46.7+12.5 2 46.7+17.0 80.0+8.2 3
Buprofezin, thiacloprid 26.7+12.5 633+4.7 2 63.3+18.9 76.7+20.5 2
Kasugamycin,polyoxin D 30,0+ 14.1 533+94 2 433+£12.5 76.7+4.7 2
Fludioxonil 36.7£12.5 46.7+4.7 2 433+12.5 63.3+4.7 2
Amisulbrom 20.0+14.1 50.0+16.3 2 50.0+£8.2 733+47 2
Cyazofamid 433+23.6 60.0+374 2 30.0+21.6 60.0+8.2 2
Iminoctadine tris, polyoxin B 73.3+£12.5 80.0+14.1 3 36.7+12.5 46.7+4.7 2
Seaweed and peat extract 50.0+21.6 56.7+12.5 2 40.0+14.1 46.7+12.5 2
Neem extract 1 533+12.5 733447 2 26.7+12.5 533+94 2
Sophora seed extract 36.7+12.5 76.7+26.2 2 50.0+82 633+4.7 2
Neem extract 2 43317 63.3+249 2 30.0+82 50.0+8.2 2
Neem extract 3 40.0£8.2 46.7+12.5 2 33.3+£12.5 433+17.0 2
Shphora and neem extract 100+ 0.0 100+ 0.0 4 36.7+4.7 56.7+1.1 2
Untreated 33+4.7 33+4.7 - 6.7+£94 13312 -

YBased on corrected mortality (mean * SD), rating of toxicity was evaluated through the Working Group's joint pesticide testing

programme in guideline I0BC.

Toxicity classes: Class 1 (harmless), mortality < 30%; Class 2 (slightly harmful), 30% < mortality < 80%; Class 3 (moderately harmful), 80% <

mortality < 99%; Class 4 (harmful), mortality > 99%.
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Table 5. Percentage (mean * SD) emergence of adult £ncarsia formosa from Trialeurodes vaporariorum treated with commonly used

pesticides (parasitoids in pupa stage) (P < 0.001)

Active ingredient (a.i.)

% Emergence Toxicity class”

Pyriproxyfen 5.5 3
Spinosad 0 4
Thiamethoxam 12.2 3
Chlorfenapyr, Clothianidin 19.9 2
Emamectin benzoate 16.6 3
Kasugamycin, polyoxin D 73.3 1
Fludioxonil 71.0 1
Amisulbrom 38.8 2
Cyazofamid 69.9 2
Iminoctadine tris(albesilate), polyoxin B 31.0 2
Seaweed and peat extract 8.8 3
Neem extract 1 14.4 2
Sophora seed extract 11.1 2
Neem extract 2 35.5 2
Neem extract 3 83 3
Shphora and neem extract 9.9 3
Untreated 84.2 -

UToxicity classes (IOBC): Class 1 (harmless), mortality < 30%; Class 2 (slightly harmful), 30% < mortality < 80%; Class 3 (moderately harmful),

80% < mortality < 99%; Class 4 (harmful), mortality > 99%.
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Fig. 4. Greenhouse whitefly and thrips management model in semi-forcing culture of tomato. (V), introduction of natural enemies; (¥):
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