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Assessment of Contact and Oral Toxicity of Tomato Insecticides
to Bumblebees (Bombus terrestris)
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Bombus terrestris is a key pollinator used alongside honey bees in crop cultivation. How
ever, exposure to chemical pesticides applied during cultivation can cause substantial
harm. We evaluated the toxicity of 60 pesticides registered for use on tomato (35 insecti-
cides, 25 fungicides) to B. terrestris using acute contact and oral toxicity assays. Among
the insecticides, eight formulations (clothianidin, cyantraniliprole, dinotefuran, emamectin
benzoate, thiamethoxam, buprofezin+ clothianidin, clothianidin+spinetoram, and dino-
tefuran+ spinetoram) caused >90% mortality in the acute contact assay. Eleven inclusive
of those eight plus broflanilide, chlorfenapyr, and spinetoram — caused >90% mortality
in the acute oral assay. Among the fungicides, three products (copper hydroxide, tribasic
copper sulfate, and fluopicolide +propamocarb hydrochloride) resulted in >90% mortality
at the highest application rate in both assay types. These findings indicate that selecting
pesticides with lower toxicity profiles could minimize adverse effects on B. terrestris
during tomato production.
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Table 1. List of the 35 tested insecticides in tomato
No. Insecticides and formulation® AI? (%) Dilution rate (x)
1 Acetamiprid WP 8 2,000
2 Broflanilide SC 5 2,000
3 Chlorfenapyr SC 10 2,000
4 Clothianidin SC 8 2,000
5 Cyantraniliprole DC 5 1,000
6 Dinotefuran WP 10 2,000
7 Emamectin benzoate EC 2.15 2,000
8 Flonicamid WG 10 2,000
9 Flubendiamide SC 20 2,000
10 Fluxametamide EC 9 2,000
11 Metaflumizone EC 20 2,000
12 Milbemectin EC 1 2,000
13 Novaluron SC 10 2,000
14 Pyridalyl EW 10 1,000
15 Pyrifiuquinazon WG 10 2,000
16 Spinetoram SC 5 2,000
17 Spiromesifen SC 20 2,000
18 Spirotetramat SC 22 2,000
19 Sulfoxaflor SC 2,000
20 Teflubenzuron SC 2,000
21 Tetraniliprole SC 18.18 5,000
22 Thiamethoxam WG 10 2,000
23 Abamectin + Acetamiprid ME 1.6+7 2,000
24 Abamectin + Chlorantraniliprole SC 1.714+4.286 2,000
25 Abamectin + Flometoquin SC 0.84+9 1,500
26 Acetamiprid + Buprofezin EC 4415 1,000
27 Acetamiprid + Etofenprox WP 25+8 2,000
28 Acetamiprid + Flndiamide WG 6+7 2,000
29 Buprofezin + Clothianidin SC 10+3 2,000
30 Buprofezin + Spinetoram SC 20+4 2,000
31 Buprofezin + Tiacloprid SC 20+5 2,000
32 Clothianidin + Spinetoram SC 6+4 2,000
33 Cyantraniliprole + Pymetrozine WG 10+ 50 5,000
34 Dinotefuran + Spinetoram WG 16+4 2,000
35 Pyridaben + Pyrifluquinazon WG 20+5 2,000

YEC: emulsifiable concentrate, EW: emulsion in water, DC: dispersible concentrate, ME: micro emulsion, SC: suspension concentrate,

SL: soluble concentrate, WG: water dispersible granule, WP: wettable powder
DAL Active ingredient
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Table 2. List of the 26 tested fungicides in tomato

No. Fungicides and formulation® AI® (%) Dilution rate (x)
1 Chlorothalonil WP 75 600
2 Copper hydroxide WP 77 500
3 Fenhexamid WP 50 1,000
4 Iminoctadine tris WP 40 2,000
5 Isofetamid SC 36 1,500
6 Isopyrazam EC 12.57 2,000
7 Mandipropamid SC 22.59 2,000
8 Metaconazole SC 20 5,880
9 Propamocarb hydrochloride SL 66.5 1,000

10 Pyraziflumid SC 15 4,000
11 Pyribencarb SC 20 1,500
12 Streptomycin WP 20 1,000
13 Tetraconazole EW 12.5 1,000
14 Tribasic copper sulfate SC 15 500
15 Ametoctradin + Dimethomorph SC 27420 2,000
16 Cymoxanil + Famoxadone SC 1249 1,000
17 Dimethomorph + Pyraclostrobin SC 16+9.5 2,000
18 Famoxadone + Oxathiapiprolin SC 20+2 2,000
19 Fenhexamid + Tebuconazol SC 305+5.8 1,500
20 Fludioxonil 4+ Isofetamid SC 15420 2,000
21 Fluopicolide + Propamocarb hydrochloride SC 5+50 2,000
22 Fluxapyroxad + Metalaxyl-M SC 4+4 2,000
23 Fluxapyroxad + Metrafenone SC 8+9.1 2,000
24 Fluxapyroxad + Pyraclostrobin SC 46+83 5,000
25 Oxytetracycline calcium alkyltrimethlammonium + Streptomycin WP 1.5+18.8 500
26 Oxytetacycline calcium alkyltrimethylammonium + Validamycin-A WP 5+15 2,000

YEC: emulsifiable concentrate, EW: emulsion in water, SC: suspension concentrate, SL: soluble concentrate, WP: wettable powder

DAL Active ingredient
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Table 3. Insecticides dose administered to B. ferrestris according to application method

Recommended rate

2X Recommended rate

No. Insecticides and formulation® Oral Contact Oral Contact
Appllied active ingredient amount (ug)
1 Acetamiprid WP 1.60 0.08 0.80 0.04
2 Broflanilide SC 1.00 0.05 0.50 0.03
3 Chlorfenapyr SC 2.00 0.10 1.00 0.05
4 Clothianidin SC 1.60 0.08 0.80 0.04
5 Cyantraniliprole DC 2.00 0.10 1.00 0.05
6 Dinotefuran WP 2.00 0.10 1.00 0.05
7 Emamectin benzoate EC 043 0.02 0.22 0.01
8 Flonicamid WG 2.00 0.10 1.00 0.05
9 Flubendiamide SC 4.00 0.20 2.00 0.10
10 Fluxametamide EC 1.80 0.09 0.90 0.05
11 Metaflumizone EC 4.00 0.20 2.00 0.10
12 Milbemectin EC 0.20 0.01 0.10 0.01
13 Novaluron SC 2.00 0.10 1.00 0.05
14 Pyridalyl EW 4.00 0.20 2.00 0.10
15 Pyrifiuquinazon WG 2.00 0.10 1.00 0.05
16 Spinetoram SC 1.00 0.05 0.50 0.03
17 Spiromesifen SC 4.00 0.20 2.00 0.10
18 Spirotetramat SC 4.40 0.22 2.20 0.11
19 Sulfoxaflor SC 1.40 0.07 0.70 0.04
20 Teflubenzuron SC 1.00 0.05 0.50 0.03
21 Tetraniliprole SC 1.50 0.07 0.75 0.04
22 Thiamethoxam WG 2.00 0.10 1.00 0.05
23 Abamectin + Acetamiprid ME 003+0.14 0.014+0.07 0.02+0.07 0.01+0.04
24 Abamectin + Chlorantraniliprole SC 0.234+0.08 0.01+0.04 0.12+0.04 0.01+0.02
25 Abamectin + Flometoquin SC 002+0.24 0014+0.12 0.01+0.12 0.01+0.06
26 Acetamiprid + Buprofezin EC 0.16+0.60 0.08+0.30 0.08+0.30 0.04+0.15
27 Acetamiprid + Etofenprox WP 005+0.16 0.025+0.08 0.03+0.08 0.01+0.04
28 Acetamiprid + FIndiamide WG 0.12+0.14 0.06+0.07 0.06+0.07 0.03+0.04
29 Buprofezin + Clothianidin SC 0.20+0.06 0.10+0.03 0.10+0.03 0.05+0.02
30 Buprofezin + Spinetoram SC 0.40+0.08 0.20+0.04 0.20+0.04 0.10+0.02
31 Buprofezin + Tiacloprid SC 0.40+0.10 0.20+0.05 0.20+0.05 0.10+0.03
32 Clothianidin + Spinetoram SC 0.124+0.08 0.06+0.04 0.06+0.04 0.03+0.02
33 Cyantraniliprole + Pymetrozine WG 0.08+0.40 0.04+0.20 0.04+0.20 0.02+0.10
34 Dinotefuran + Spinetoram WG 0.32+0.08 0.16+0.04 0.16+0.04 0.08+0.02
35 Pyridaben + Pyrifluquinazon WG 0.04+0.10 0.20+0.05 0.02+0.05 0.10+0.03
YEC: emulsifiable concentrate, EW: emulsion in water, DC: dispersible concentrate, ME: micro emulsion, SC: suspension concentrate,
SL: soluble concentrate, WG: water dispersible granule, WP: wettable powder
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Table 4. Fungicides dose administered to B. terrestris according to application method

Recommended rate

2X Recommended rate

No. Fungicides and formulation® Oral Contact Oral Contact
Appllied active ingredient amount (ug)

1 Chlorothalonil WP 2.50 0.25 1.25 0.12

2 Copper hydroxide WP 3.08 0.31 1.54 0.15

3 Fenhexamid WP 1.00 0.10 0.50 0.05

4 Iminoctadine tris WP 0.40 0.04 0.20 0.02

5 Isofetamid SC 048 0.05 0.24 0.02

6 Isopyrazam EC 0.12 0.01 0.06 0.006

7 Mandipropamid SC 0.22 0.02 0.11 0.01

8 Metaconazole SC 0.06 0.01 0.03 0.003

9 Propamocarb hydrochloride SL 1.33 0.13 0.67 0.06
10 Pyraziflumid SC 0.07 0.01 0.04 0.004
11 Pyribencarb SC 0.26 0.03 0.13 001
12 Streptomycin WP 040 0.04 0.20 0.02
13 Tetraconazole EW 0.25 0.03 0.13 0.01
14 Tribasic copper sulfate SC 0.06 0.06 0.03 0.03
15 Ametoctradin + Dimethomorph SC 0.274+0.03 0.03+0.02 0.14+0.02 0.01+4+0.01
16 Cymoxanil + Famoxadone SC 24.0+0.07 0.02+0.02 0.12+0.04 0.01+0.009
17 Dimethomorph + Pyraclostrobin SC 0.15+0.01 0.02+0.01 0.08+0.01 0.008 +0.005
18 Famoxadone + Oxathiapiprolin SC 0.20+0.06 0.02+0.002 0.10+0.03 0.01+0.001
19 Fenhexamid + Tebuconazol SC 0.40+0.05 0.04+0.01 0.20+0.03 0.02+0.004
20 Fludioxonil + Isofetamid SC 0.15+0.20 0.02+0.02 0.08+0.10 0.008+0.01
21 Fluopicolide + Propamocarb hydrochloride SC 0.05+0.18 0.01+0.05 0.03+0.09 0.003+0.02
22 Fluxapyroxad + Metalaxyl-M SC 0.03+0.09 0.004 + 0.004 0.02+0.05 0.002+0.002
23 Fluxapyroxad + Metrafenone SC 0.07+0.01 0.008+0.01 0.04+0.01 0.004 +0.005
24 Fluxapyroxad + Pyraclostrobin SC 0.184+0.07 0.002 +0.003 0.09+0.04 0.001+0.002
25 g’g;gicyycciﬂ'@;alcmm alkyluimethlammonium+ 5 5 1 5 0.01+0.08 0.03+0.10 0.003+0.03
2% Oxytetacycline calcium alkyltrimethylammonium + 0.05+0.50 0.01+0.02 0.03+0.25 0.003 +0.008

Validamycin-A WP

YEC: emulsifiable concentrate, EW: emulsion in water, SC: suspension concentrate, SL: soluble concentrate, WP: wettable powder
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Table 5. Mortality rate of insecticides on B. ferrestris in contact toxicity test

Mortality (%) (Mean = SD)

No. Fungicides and formulation® Recommended rate 2X Recommended rate
24hr 48hr 24hr 48hr

1 Acetamiprid WP 0.0%0.0d” 0.0+0.0d 6.7+11.5cd 20.0%+20.0cd

2 Broflanilide SC 86.7+13.1ab 86.7+13.1a 100.0£0.0a

3 Chlorfenapyr SC 40.0+20.0c 46.7+11.5bc 100.0+0.0a

4 Clothianidin SC 100.0+0.0a

5 Cyantraniliprole DC 73.3+11.5bc 100.0£0.0a

6 Dinotefuran WP 100.0+0.0a

7 Emamectin benzoate EC 100.0+0.0a

8 Flonicamid WG 0.0+0.0d 0.0x0.0d 133+ 11.5¢cd 133+ 11.5¢d

9 Flubendiamide SC 0.0+0.0d 0.0x0.0d 0.0x0.0d 0.0%0.0b
10 Fluxametamide EC 6.7+11.5d 6.7+11.5d 6.7+11.5d 6.7+ 11.5¢d
11 Metaflumizone EC 40.0+20.0c 46.7+11.5bc 60.0%11.5b 60.0%11.5bc
12 Milbemectin EC 6.7+11.5d 6.7+11.5d 0.0+0.0d 6.71+11.5¢d
13 Novaluron SC 0.0+0.0d 0.0+0.0d 0.0+0.0d 133+ 11.5¢d
14 Pyridalyl EW 6.7+11.5d 6.7+11.5d 0.0+0.0d 0.0+0.0d
15 Pyrifiuquinazon WG 20.0+20.0d 20.0%+20.0cd 0.0+0.0d 6.7%+11.5¢d
16 Spinetoram SC 26.7+30.6d 40.0+34.6bc 100.0+0.0a
17 Spiromesifen SC 0.0+0.0d 0.0+0.0d 00+0.0d 0.0+0.0d
18 Spirotetramat SC 0.0£0.0e 0.0+0.0d 13.3+11.5¢ 133+ 11.5¢d
19 Sulfoxaflor SC 60.0£40.0c 60.0£40.0b 60.0x11.5b 60.0%11.5bc
20 Teflubenzuron SC 6.7+11.5d 6.7x11.5d 00+0.0d 0.0+0.0d
21 Tetraniliprole SC 533+23.1c 533+23.1b 600x11.5b 60.0%11.5bc
22 Thiamethoxam WG 100.0+0.0a
23 Abamectin + Acetamiprid ME 0.0+0.0e 00+0.0d 133+11.5¢ 20.0%+20.0cd
24 Abamectin + Chlorantraniliprole SC 0.0+0.0e 20.0%+20.0cd 533%11.5b 533%11.5bc
25 Abamectin + Flometoquin SC 133+ 11.5de 13.3+11.5cd 33.3+11.5bcd 333%11.5¢
26 Acetamiprid + Buprofezin EC 0.0+0.0e 00%0.0c 6.7%+11.5cd 6.7x11.5¢d
27 Acetamiprid + Etofenprox WP 26.7%x11.5cde 40.0+20.0abc 46.7+11.5bc 46.7+11.5bc
28 Acetamiprid + FIndiamide WG 0.0£0.0e 0.0+0.0d 00+0.0d 0.0+0.0d
29 Buprofezin + Clothianidin SC 100.0+0.0a
30 Buprofezin + Spinetoram SC 33.3+30.7cde 46.7+46.2bc 86.7+11.5ab 86.7+11.5a
31 Buprofezin + Tiacloprid SC 0.0x£0.0e 0.0+0.0d 0.0+0.0d 0.0+0.0d
32 Clothianidin + Spinetoram SC 100.0£0.0a
33 Cyantraniliprole + Pymetrozine WG 0.0x£0.0e 6.7+11.5d 333+%11.5bc 60.0 £20.0bc
34 Dinotefuran + Spinetoram WG 100.0£0.0a
35 Pyridaben + Pyrifluquinazon WG 60.0+40.0b 60.0 +40.0ab 60.0+20.0b 60.0+20.0bc

YEC: emulsifiable concentrate, EW: emulsion in water, DC: dispersible concentrate, ME: micro emulsion, SC: suspension concentrate,

SL: soluble concentrate, WG: water dispersible granule, WP: wettable powder
"In a column, means followed by a same letter are not significantly different at the p <0.05 level by Tukey’s studentized range tset
(Systat software Inc., USA)
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Table 6. Mortality rate of fungicides on B. terrestris in contact toxicity test

Mortality (%) (Mean £ SD)

No. Fungicides and formulation® Recommended rate 2X Recommended rate
24hr 48hr 24hr 48hr
1 Chlorothalonil WP 0.0£0.0e” 6.7+£11.5d 0.0£0.0c 6.7+ 11.5bc
2 Copper hydroxide WP 40.0£20.0c 73.3+23.1b 60.0+34.6a 933%11.5a
3 Fenhexamid WP 0.0£0.0e 0.0+0.0d 0.0+0.0c 0.0+0.0c
4 Iminoctadine tris WP 0.0£0.0e 0.0+0.0d 0.0+0.0c 0.0£0.0c
5 Isofetamid SC 0.0%0.0e 0.0+0.0d 0.010.0c 6.7+ 11.5bc
6 Isopyrazam EC 0.0%0.0e 0.0+0.0d 0.0+0.0c 6.7+ 11.5bc
7 Mandipropamid SC 0.0%0.0e 0.0+0.0d 133+11.5¢ 133+ 11.5bc
8 Metaconazole SC 0.0£0.0e 0.0x0.0d 6.7t11.5¢ 6.7+ 11.5bc
9 Propamocarb hydrochloride SL 0.0%0.0e 0.0+0.0d 0.0£0.0c 0.0£0.0c
10 Pyraziflumid SC 6.7+11.5¢ 13.3+11.5d 6.7+11.5¢ 20.0+0.0bc
11 Pyribencarb SC 0.0%0.0e 0.0+0.0d 6.7+11.5¢c 6.7+11.5bc
12 Streptomycin WP 0.0%0.0e 0.0+0.0d 6.7+11.5¢c 6.7+11.5bc
13 Tribasic copper sulfate SC 86.7+13.1b 933+11.5a 66.7£30.6a 933+11.5a
14 Ametoctradin + Dimethomorph SC 0.0£0.0e 0.0£0.0d 6.7+11.5¢ 6.7+ 11.5bc
15 Cymoxanil + Famoxadone SC 0.0£0.0e 0.0£0.0d 0.0+0.0c 0.0+0.0c
16 Dimethomorph + Pyraclostrobin SC 0.0£0.0e 13.3+11.5d 20.0+20.0c 20.0+20.0bc
17 Famoxadone + Oxathiapiprolin SC 0.0%0.0e 0.0+0.0d 20.0+0.0b 26.7+11.5b
18 Fenhexamid + Tebuconazol SC 0.0%0.0e 0.0+0.0d 6.7+11.5¢c 6.7+11.5bc
19 Fludioxonil + Isofetamid SC 0.0%0.0e 0.0+0.0d 133+ 11.5¢ 20.0%+20.0bc
20 Fluopicolide + Propamocarb hydrochloride SC 244+10.2d 48.9+13.9¢ 77.8+13.9a 933+11.5a
21 Fluxapyroxad + Metalaxyl-M SC 0.0%0.0e 13.3+11.5d 6.7+11.5¢c 133+ 11.5bc
22 Fluxapyroxad + Metrafenone SC 0.0%0.0e 0.0+0.0d 6.7%+11.5¢ 133+11.5bc
23 Fluxapyroxad + Pyraclostrobin SC 0.0%0.0e 0.0+0.0d 0.0+0.0c 6.7+ 11.5bc
24 (S)t’r‘g’;;?fyy:igr{f«;am“m alkyltrimethlammonium + 0.0%0.0e 0.0+0.0d 0.0+0.0c 0.0%0.0c
25 Oxytetacycline calcium alkyltrimethylammonium + 0.0+00c 0.0+0.0d 0.0+0.0c 0.0+0.0c

Validamycin-A WP

YEC: emulsifiable concentrate, EW: emulsion in water, SC: suspension concentrate, SL: soluble concentrate, WP: wettable powder
In a column, means followed by a same letter are not significantly different at the p <0.05 level by Tukey’s studentized range tset (Systat software Inc., USA)
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Table 7. Mortality rate of insecticides on B. terrestris in oral toxicity test

Mortality (%) (Mean+ SD)

No Fungicides and formulation® Recommended rate 2X Recommended rate
24hr 48hr 24hr 48hr

1 Acetamiprid WP 13.3+11.5¢” 13.3+11.5¢ 26.7+11.5bc 26.7+11.5bc

2 Broflanilide SC 100.0+0.0a

3 Chlorfenapyr SC 100.0+0.0a

4 Clothianidin SC 100.0+0.0a

5 Cyantraniliprole DC 100.0+0.0a

6 Dinotefuran WP 100.0+0.0a

7 Emamectin benzoate EC 100.0+0.0a

8 Flonicamid WG 0.01+0.0c 0.0+0.0c 40.0+£2.0b 40.0+2.0b

9 Flubendiamide SC 13.3+23.1c 13.3+233¢ 0.0%0.0c 0.0%0.0c
10 Fluxametamide EC 100.0+0.0a
11 Metaflumizone EC 100.0+0.0a
12 Milbemectin EC 133+ 11.5¢ 133+ 11.5¢ 6.7+11.5bc 6.7+ 11.5bc
13 Novaluron SC 20.0+20.0b 20.0+20.0c 133+ 11.5bc 133+ 11.5bc
14 Pyridalyl EW 0.0%+0.0c 00+0.0c 80.0+34.6a 80.0+34.6a
15 Pyrifiuquinazon WG 0.0£0.0c 0.0+0.0c 0.0£0.0c 0.0+0.0c
16 Spinetoram SC 100.0+0.0a
17 Spiromesifen SC 13.3+11.5¢ 133+ 11.5¢ 13.3+23.1bc 13.3+23.1bc
18 Spirotetramat SC 6.7+ 11.5bc 6.7+ 11.5¢ 0.0£0.0c 0.0+0.0c
19 Sulfoxaflor SC 100.0+0.0a
20 Teflubenzuron SC 6.7x11.5¢c 6.7x11.5¢ 0.0+0.0c 0.0£0.0c
21 Tetraniliprole SC 100.0+0.0a
22 Thiamethoxam WG 100.0+0.0a
23 Abamectin + Acetamiprid ME 66.7+23.1b 66.7+23.1b 100.0+0.0a
24 Abamectin + Chlorantraniliprole SC 933+11.5a 933+11.5a 100.0+0.0a
25 Abamectin + Flometoquin SC 6.7%x11.5¢ 6.7x11.5¢ 20.0+20.0b 20.0%+20.0c
26 Acetamiprid + Buprofezin EC 6.7%+11.5bc 6.7x11.5¢ 6.7%11.5bc 6.7x11.5bc
27 Acetamiprid + Etofenprox WP 100.0+0.0a
28 Acetamiprid + FIndiamide WG 6.7x11.5¢ 6.7x11.5¢ 0.0%+0.0c 00%0.0c
29 Buprofezin + Clothianidin SC 100.0+0.0a
30 Buprofezin + Spinetoram SC 100.0+0.0a
31 Buprofezin + Tiacloprid SC 0.0£0.0c 0.0£0.0c 0.0+0.0c 0.0£0.0c
32 Clothianidin + Spinetoram SC 100.0£0.0a
33 Cyantraniliprole + Pymetrozine WG 6.7+11.5¢ 6.7+11.5¢c 73.3+30.6a 73.3+30.6a
34 Dinotefuran + Spinetoram WG 100.0+0.0a
35 Pyridaben + Pyrifluquinazon WG 933%11.5a 933*11.5a 100.0£0.0a

YEC: emulsifiable concentrate, EW: emulsion in water, DC: dispersible concentrate, ME: micro emulsion, SC: suspension concentrate,
SL: soluble concentrate, WG: water dispersible granule, WP: wettable powder
In a column, means followed by a same letter are not significantly different at the p<0.05 level by Tukey’s studentized range tset (Systat software Inc., USA)

4. EAEA AEe AT A T BARAL ANeld fo4e
S15HTL, Tukey's HSDE AFF-EA] s1iet EARA )71

M EF GEol A AL ASAE et HEE49 2= SPSS ver 20 (IBM, Chicago, IL, USA)S A3}t
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Table 8. Mortality rate of fungicides on B. ferrestris in oral toxicity test

Mortality (%) (Mean £+ SD)

No. Fungicides and formulation® Recommended rate 2X Recommended rate
24hr 48hr 24hr 48hr
1 Chlorothalonil WP 2.2+38cd” 44+38de 44+38cde 11.1+38cde
2 Copper hydroxide WP 933+6.7a 100.0+0.0a 100.0£0.0a
3 Fenhexamid WP 8.9+3.8cd 11.1+3.8def 11.1+3.8bcde 11.1+3.8cde
4 Iminoctadine tris WP 0.0+0.0c 44+38de 6.7+6.7cde 8.9+3.8cde
5 Isofetamid SC 2.2+3.8cd 44+7.7de 44+7Tcde 8.9+3.8cde
6 Isopyrazam EC 15.6+3.8c 200+11.5bc 222+7.7b 31.1+3.8b
7  Mandipropamid SC 11.1+3.8cd 13.3+6.7cd 15.6+10.2bc 17.8+7.7¢c
8 Metaconazole SC 8.9+10.2cd 11.1+7.7def 8.9+ 10.2cde 17.8+7.7c
9 Propamocarb hydrochloride SL 89+7.7cd 11.1+3.8def 6.7+6.7cde 17.8+7.7c
10 Pyraziflumid SC 22+3.8cd 22+38de 4.4+3.8cde 44+3.8de
11 Pyribencarb SC 44+3.8cd 44+3.8de 4.4+3.8cde 6.7+0.0cde
12 Streptomycin WP 8.9+7.7cd 11.1£3.8def 8.9+7.7cde 13.3+6.7cd
13 Tribasic copper sulfate SC 100.0£0.0a
14 Ametoctradin + Dimethomorph SC 133£6.7¢c 289+154b 222+139b 31.1£139b
15 Cymoxanil + Famoxadone SC 2.2+3.8cd 22+3.8de 2.2+3.8de 6.716.7cde
16 Dimethomorph + Pyraclostrobin SC 4.4+3.8cd 44+3.8de 6.710.0cde 8.9+ 3.8cde
17 Famoxadone + Oxathiapiprolin SC 44+38cd 44+38de 6.7+0.0cde 8.9+3.8cde
18  Fenhexamid + Tebuconazol SC 6.7£6.7cd 8.9+ 10.2def 13.3+13.3bcd 13.3+13.3cd
19 Fludioxonil + Isofetamid SC 44+3.8cd 6.7+6.7de 4.4+3.8cde 11.1+3.8cde
20  Fluopicolide + Propamocarb hydrochloride SC 80.0+20.0b 95.6+7.7a 95.6+3.8a 100.0+£0.0a
21 Fluxapyroxad + Metalaxyl-M SC 22+38cd 44+38de 4.4+38cde 6.7+0.0cde
22 Fluxapyroxad + Metrafenone SC 0.0+0.0c 0.0%0.0e 0.0%0.0e 0.0£0.0e
23 Fluxapyroxad + Pyraclostrobin SC 22+38cd 22+3.8de 8.9+3.8cde 8.9+3.8cde
24 g’;ggg;cyycciﬂl;ev;amum alkyltrimethlammonium + 2243 8cd 2243 8de 2243 8de 6.7%6.7cde
o5 Oxytetacycline calcium alkyltrimethylammonium 4 4 4 5 g 4 6.7%67de 111438bede  11.1£38cde

Validamycin-A WP

YEC: emulsifiable concentrate, EW: emulsion in water, SC: suspension concentrate, SL: soluble concentrate, WP: wettable powder
In a column, means followed by a same letter are not significantly different at the p<0.05 level by Tukey’s studentized range tset (Systat software Inc., USA)

Z Y o
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2 tJEA Q] neonicotinoidAl'E L2 EHo| 59| 7|& 91 Z22F N Z7F SAFE AV AEFA A BE 27}
Fog ERASS o =2 540 UEon, of He Aoz IR Qo] AT E F4g0] A=
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Dinotefuran =8¢ Nannotrigona perilampoides©l| *2]5}
= ol 24A1ZF Well 90% o] w2 AFaT7 Bl
Elo] A 12 ™ (Géngora-Gamboa et al., 2022), 2013 1]
= Q| AF Lo A= dinotefurane AXE & oF 4
ok sA~10%mte] o] FH A (Bombus sp.)©] HAFSH =
2 Aol Ql&o] B E] It} (Hatfield and Jepsen, 2021).

Abamectin A€ 2] A4=A|2l Emamectin benzoate= <
o] opMEER o AE o]~ (ACKE) 2 4t a4 €
Holl Q& Fol A3A Tsoll FRL Fe 2

=3
24 QIt}. Emamectin benzoatew &='H o] thslo] kA
A2l & 24A1%F ke EA] LCx©l 0.275 mg/L=E Al Z ol A
L5 g} oA H T} 28] oA =2 EA] 0] 011;}57_ _H;__TI_H
%1t} (Abdu-allah and Pittendrigh, 2018). &A|A=
= (buprofezin + clothianidin, clothianidin + spinetoram,
dinotefuran + spinetoram)©] 2] ¥ 24A|7F o] A&
©] 100% YTEFITE. Buprofezin + clothianidin A= vl
2] Aol Z2] 48417 F-ofl 86.7% AtE-E= H AT
g dAA = EEe] tiste] LDs®] 100
ug/mteE 2 e =448 E?&ﬂ' Spinetoram~= E'Ho]| T
ek =0 mi¢ &2 A o= FF5Eo] 1.2H, spinetoram
A Al EE H|F 11%*]7301 58% oo A4 5
AR IR 7 S fIde] 348 SUIRE Ao oF
24 QH(US. EPA, 2009).

datA o] BeoAME FoFe] FREE Fonlet 2t
o]& Hth(oneway ANOVA test 7|55 A 2] 24417+
Fa50=46.20, p<0.001; 48A1ZF Fa450)=49.98, p<0.001;
v gF 2] 2] 24A17F F4s0=14.69, p<0 001; 48A]%7F
Foas0=27.82, p<0.001). 7|Eo) A & A58 2
¢l SFA= tribasic copper sulfate® *2] 48A|7Fo]| AL
0] 93.3%°]%IT}. Tribasic copper sulfatet= Bl =4 2]
A= 71 ZeF} v 523t 93.3% AFSER ZAFEGLC
™, o] &l HiFA A 90% °ld2] AHeEa Hl oFA
+= copper hydroxide &A%} fluopicolide + propamocarb
hydrochloride @A 23] 1T} (Table 6). Tribasic copper
sulfate= Partamona helleri®l ™5t LCso©] 142.95 pg/

o2 Qe ofw S

Buprofezin<

302

= &4 LDs5°] 100 pug/mte] olgollom A EAL8
84 ug/MHE| 2 Bl A HEAor FAME|Ql oL 7|
(Aphidius rhopalosiphi)©l] A2 HAE0| 72.4% A5t

QTS Fol NI Gz FAA GFS F 22
2 AZFEITHECPA, 2008).

2. 3754 ¥

g%’xﬂg 1—41 ]—2 75‘ /\éoﬂ _,]o]— /\]-z 02_ J_/\]_
& Av, AFA ] FHE FoNG fol2 B

(oneway ANOVA test 7|55 #2] 24417t Faaq0)=
26.88, p<0.001; 48A17F F3470=52.48, p<0.001; ¥H=F
2] 24A13F Faaz0=26.88, p<0.001; 48417+ Faa70,=
41.15, p<0.001). 71EZFNA 90% °1d9 AHE&<
Hol eHAl= 19522 ©A| 125 (broflanilide, chlor-
fenapyr clothianidin, cyantraniliprole, dinotefuran, ema-
mectin benzoate, spinetoram, sulfoxaflor, tetranilip-
role, thiamethoxam)X® A 7% (abamectin +chloran-
traniliprole, acetamiprid + etofenprox, buprofezin + clothi-
anidin, buprofezin + spinetoram, clothianidin + spinetoram,
dinotefuran + spinetoram, pyridaben + pyrifluquinazon)®]
o, vl A 3% (pyridalyl, abamectin + acetamiprid,
cyantraniliprole + pymetrozine) FA|7} F7FH 02 =
2 AEE&S Hth(Table 7). 71EFelA ol
A AFEEC] 80% OF LR =0 Y BA 6F

(broflanilide, clothianidin, cyantraniliprole, dinotefuran,

SELR

emamectin benzoate, thiamethoxam)¥ &A| 3% (bupro-
fezin +clothianidin, clothianidin + spinetoram, dinotefu-
ran + spinetoram)<> 74154 A2 A] A A2 & 48
AIZEOlA 100% &2 AFs-&0] LERTH. 5=
dol It AlE F DA 5% (chlorfenapyr, fluxa-
metamide, metaflumizone, spinetoram, sulfoxaflor, tetrani-
liprole) ¥} 9HA] 4%
miprid +etofenprox, buprofezin +spinetoram, pyrida-
3t & 48417 & A}

o3t
X1,

(abamectin + chlorantraniliprole, aceta-

ben + pyrifluquinazon)< °FAlE

http://journal.bee.or.kr/



£9°] 90% °l’F o= A UEbTh Aol /‘F‘-’LH of
Zﬂ SoA F2 =42 Hehd ofAlE2 72 GABA-
gated chloride channel modulator, Ryanodine receptor
modulators ¥ neonicotic AchE A&l &3l= SA=
(broflanilide, clothianidin, cyantraniliprole, dinotefuran,
fluxametamide, tetraniliprole, thiamethoxam)ol AJot =
3F, neonicotic AchE A8 9] clothianidin, dinotefuran,
spinetoram©] ¥-F-EHAL FEA A =2 FAdo] X
A= W2 =48-S YEPH A9 chitin biosynthesis
inhibitors, feeding blockers, lipid synthesis inhibitors=
A= buprofezin, flonicamid, novaluron, pyri-
fluquinazon, pymetrozine, spiromesifen, spirotetramat,
teflubenzuron©] $1tt.
daA s BFELAAE s FREE 719
0|3k z}o] 7} SFRIE] At (oneway ANOVA test 7|55
2] 24 A1F Faas0)=79.51, p<0.001; 4817} Fia4.50)=87.59,
p<0.001; Hi=F 22| 24 A17F Foas0=82.5, p<0.001; 484]
ZF Faas=97.86, p<0.001). 71l A 90% o1 =&
A& Vel oFAl= F 3°E (copper hydroxide, tribasic
copper sulfate) 22 FAFE It 352 HE5=/ Aol
METH g2 ASaYE HER AT (Table 8). A5A]
oF A R HE5e o Hot AF-E shle o A2
A ARE Sl AFE-Eol B 2 A o2 UERT o]
23t A= 259 9uE ot F4EE Ae 5
Of At spotz B4 uhet w2 A2 47 st
Al o] AFavE Bojmd A Hedl Hls) FE
785 &k UlollA A4 2gsto] FeFe] tiAt f=g
7Fs7de] &7 W2l ALz AZHT (Devillers, 2002;
Thompson et al., 2014).
= EvtES] S flste] FYES 1057 T 7
571 ool AHEE A2 HHESIE T (Yoon et al.,

JQE

2021). JHo| = EFot1 @3l FFTEo= = of
et 57 o] o211 917] W&ol (s ) HY

o] Tje 9 BoH Aok el A st E
ok A Aol AHGE Gl 8FaRsF 0% efste] 5
o] Tfsk 5Bk i dlole S shrstgit 5]
I A% U AT wENORE APEY AAE §

Z % Iek e, o @
72 Foto] EvtEd| AL Fguzt s2uA} o]

o147 whiol $-2)9] Qi Enk Aol glof shiu)

XN
XE
4
gl
il
ofr
=
riu
o,
:?L
mlm

N

H O -
CEL S Zﬂi 3717} 8ol 59 wEE Aot} 9]
so] M-S ol 5AIZ 1] QA thA] WEL W sk
ofl thA] oo} sk Aol that FHE JRE ABHE
% ik mebs GFol F9ue] g S4o] 4 5
°F 5 AHAREAN Y3t BrhE F712 olFol Aot &
Ao WYt olefst IS Satel, Hguo] dhat
5okl fg SAHOIEE Z2ste] $717} Fge] =
o] AL Horg Adigho 2 gy Bge] SuS A%
AAY BEFS FHAA o gL 48FL AgF &

X FE GE (Bombus terretris)< a2 AujA] =&
AR BEI A AT e EAQ s
Agzoltt. AT, 2B A AHGEIE SHosoF 5
o wzEo] Warh WAe Qo] £ AFNHE E
Wb S5 siebsoro] diotel AYHIU] 54
2 BT, SHHsot 60% (25 35%, 4
Fyoll ool 23 A7 B4e ANt 45
= ASE B AFEEC] 90% o173l oFAI7E 8

< (clothianidin, cyantraniliprole, dinotefuran emamectin

=

benzoate, thiamethoxam, buprofezin + clothianidin, clothi-

anidin + spinetoram, dinotefuran + spinetoram)©] 1.2,

BATEL Bt AE54ANA =& A&l
| ofA| 8F= EAT 11T
spinetoram) 2.2 LEFGTH,
A A= S D AT BIrelA v 2 Aol A
801 90% 13! A=

(broflanilide, chlorfenapyr,

% (copper hydroxide, tribasic
copper sulfate, fluopicolide + propamocarb hydrochloride)
o= ZAESQIH. ol2let AN Foto] ENtE AjHj Al
S 4] W oke Adlstel ARGl MaE Mz

59 4 9 Aow At
kel 2
£ ATl SEAEY FEATAYGL BT of

303



Z
S|

o %

ot SR 7iEE 7]
RD009627) AL
8]

s
=
9

ol
- O

O
ret

Abdu-Allah, G. A. and B. R. Pittendrigh. 2018. Lethal and
sub-lethal effects of select macrocyclic lactones insec-
ticides on forager worker honey bees under laboratory
experimental conditions. Ecotoxiccology 27: 81-88.

Al-Attal, Y. Z. and I. K. Nazer. 2003. Monitoring bumblebee
(Bombus terrestris L.) activity in pollinating tomatoes
(Lycopersicon esculentum Mill) under plastichouses in
Jordan. Dirasat Agric. Sci. 3: 149-155.

Ahn, G. S., M. G. Oh, H. H. Ahn, C. M. Yoon and G. H. Kim.
2008. Evaluation of toxicity of pesticides against hon-
eybee (Apis mellifera) and Bumblebee (Bombus terres-
tris). J. Pestic. Sci. 12: 382-390.

Bernardes R. C., K. M. Fernandes, D. S. Bastos, A. F. P. A.
Freire, M. P. Lopes, L. L. Oliveira, M. G. Tavares, R.
D. S. Aratjo and G. F. Martins. 2021. Impact of copper
sulfate on survival, behavior, midgut morphology, and
antioxidant activity of Partamona helleri (Apidae: Me-
liponini). Environ. Sci. Pollut. Res. 27: 6294-6305.

Cabezas, G. and G. P. Farinds. 2022. Sensitivity of Buff-Tailed
Bumblebee (Bombus terrestris L.) to insecticides with
different mode of action. Insects. 13: 184.

Cooley, H. and M. Vallejo-Marin. 2021. Buzz-pollinated crops:
a global review and meta-analysis of the effects of sup-
plemental bee pollination in tomato. J. Econ. Entomol.
114: 505-519.

Devillers, J. and M. H. Pham-Delegue. 2002. Acute toxicity
of pesticides to honeybees. In: Honey bees: estimating
the environmental impact of chemicals. CRC Press,
London, 57.

European Crop Protection Association. 2008. Propamocarb
hydrochloride: active substance information and risk
assessment. Univ. Hertfordshire Pestic. Prop. Data-
base.

Hatfield, R. G. and S. Jepsen. 2021. A conservation conun-
drum: protecting bumble bees under the California En-
dangered Species Act. California Fish Wildlife J. 107:
98-106.

Gongora-Gamboa, C., E. Ruiz-Sdnchez, H. S. Ballina-Gémez,
A. Gonzilez-Moreno and R. Zamora-Bustillos. 2022.
Survival rate of the neotropical stingless bees Nanno-

304

trigona perilampoides and Frieseomelitta nigra after
exposure to five selected insecticides, under controlled
conditions. Insects 13: 961.

Goulson, D., E. Nicholls, C. Botias and E. L. Rotheray. 2015.
Bee declines driven by combined stress from parasites,
pesticides, and lack of flowers. Science 347: 1255957.

Kim,B.S.,A.R.N.R.Kim, K. M. Jeon, H. Lee, Y. K. Park, A.
S. You and H. J. Yoon. 2020. Establishment of OECD
acute contact and oral toxicity test methods for Bom-
bus spp. in Korea. J. Pestic. Sci. 24: 63-70.

Laycock, I., K. C. Cotterell, T. A. O’Shea-Wheller and J. E.

Cresswell. 2014. Effects of the neonicotinoid pesticide

thiamethoxam at field-realistic levels on microcolonies

of Bombus terrestris worker bumble bees. Ecotoxicol.

Environ. Saf. 100: 153-158

B., K. H. Park, Y. C. Choi, W. T. Kim, S. W. Kang, Y.

B. Ihm, K. S. Han and I. G. Park. 2012. Comparison

of the pollinating activities of Bombus terrestris hives

Lee, S.

produced by domestic bumblebee rearing companies
at beefsteak-tomato houses in Korea. J. Apic. Res. 27:
275-282.

Morandin, L. A., T. M. Laverty and P. G. Kevan. 2001. Effect
of bumble bee (Hymenoptera: Apidae) pollination in-
tensity on the quality of greenhouse tomatoes. J. Econ.
Entomol. 94: 172-179.

Thompson, H. M., S. L. Fryday, S. Harkin and S. Milner. 2014.
Potential impacts of synergism in honeybees (Apis
mellifera) of exposure to neonicotinoids and sprayed
fungicides in crops. Apidologie 45: 545-553.

United States Environmental Protection Agency. 2009. Pes-
ticide fact sheet: Spinetoram. Off. Prev. Pestic. Tox.
Subst.

Whitehorn, P. R., S. O’Connor, F. L. Wackers and D. Goulson.
2012. Neonicotinoid pesticide reduces bumble bee col-
ony growth and queen production. Science 336: 351-
352.

Yankit, P., M. Thakur, S. Sharma, R. S. Chandel and R. Kumar.
2018. Effect of bumble bee pollination on quality and
yield of tomato (Solanum lycopersicum Mill.) grown
under protected conditions. Int. J. Curr. Microbiol.
Appl. Sci. 7: 257-263.

Yoon, H.J.,K. Y. Lee, I. G. Park, M. A. Kim. 2010. Tempera-
ture andhumidity favorable for colony development of
Korean native bumblebee Bombus hypocrita sappo-
roensis. J. Apic. 25: 83-89.

Yoon,H.J.,K.Y.Lee,Y.B.Lee, M. Y. Lee, S. Kathanan and J.
D. Park. 2021. Current status of insect pollinators use
for horticultural crops in Korea, 2020. J. Apic. 36: 111-
123.

http://journal.bee.or.kr/



	서양뒤영벌 (Bombus terretris)에 대한 토마토 등록약제의 접촉 및 경구 독성평가
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


