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m Aerial spray is has been considered as the primary option for controlling outbreak of forest pests
since it covers a broader area with low cost. However, non-target effects and environmental
concerns require sophisticated selection of quality spraying materials and effective application
methods. In this study, we evaluated the risk of two insecticides to honeybees in the laboratory
and field simulating aerial spray conditions using the multicopter called drones. For each
insecticide, LDsos were estimated by adult acute toxicity test (feeding and contact), and residue
levels over time were analyzed in the greenhouse condition. In the field toxicity test, caged bee
mortality and honey bee colony developmental indices were investigated under the drone-spray
condition. LDsg values from contact toxicity test for etofenprox, and flupyradifurone was 0.01-
0.012 pg/bee, and for 1.5-3.1 ug/bee respectively. LDsgs values from oral toxicity tests for all the
pesticides showed high toxicity (< 2 ug/bee). According to the field toxicity test, there was no
significant difference in the number of adult honeybees and the area of stored honey compared to
the control. However, colony weights of the two pesticide treatments were lower than the control,
and stored pollen area was lower in etofenprox treatment than in the control. Overall, the risk of
flupyradifurone on honey bee was relatively lower than etofenprox but can not be disregarded.
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Table 1. International standards for determining honey bee toxicities
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(Hazard Quotient) 5-& -ofl THSHA| ETh(Table 1).

2 =2olA= 5 7HA] 2FA (etofenprox, flupyradifurone)
7F B nA= ffeld BkE S or AW w48 (Ad
A, %) 543 HelBE A ofe] 54 IS S

St

Low toxic Moderately toxic High toxic References
Lethal dose (ug/bee) >11 2~10.9 <2 USEPA, 2012
Hazard quotient (HQ) <50 50~2,500 >2,500 Villa et al., 2000
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Table 2. Geographic information of the test fields for the honey-
bee risk assessment of drone application of pesticides in Songc-
heon, Andong, Korea during 2021

Treatment Longitude Latitude Altitude (m)
Etofenprox 128.802825 36.546591 162
Flupyradifurone 128.805964 36.553661 265
Control 128.800697 36.543883 139
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= R softwareE 5l 55 THR Core Team, 2021). 4
g 2R A4S SOl ARE AabE RS 085k Al
HASA 734 F735H AT (Formula 1).

Ci=Cpe" (Formula 1)

Cft *17} MWJ TRFolM, o B &7 A™lA

0] o], 4ee] 2 Aol B TEAEE A 27
9 R studio AT E O] (Ver 1.4.1106)9] o] AEAEAS
&l Bl skt

1. MU 43 34 54

45 5249 A5 A= & n2ARE 7IEe R,
etofenprox+ FETHA] 100%

L=
—irﬂ%E—rEi 1004} 3]+ gk
APES B 1,0008 4= 72%, ©15t FEollA
= 12% AYES BT Flupyradifurones 5350
AMRE100% AEES R 018 SRl A= 10~28%
O AMYES B o] A9 AnE Foll 4% wt
2| AFeFEF (LDso)<> etofenprox 0.01~0.012 pg/bee 12|11
flupyradifurone-= 1.5~3.1 pg/bee = YEFHTH(Table 3).
AT A=Y A A & 1247 7R,
etofenprox— =12 82g 104 3143 %714 100%
AFEZ B SAL 100~1,000H1 1A= 60~64%, ©]5t -5
A= 4~10%2] AFYE= E T} Flupyradifurone<
AL HE 108 A% FE7H] 100% AFSES B
11 o]} FLo A= 4~14% 2] AFEES T o] 4
A AIE Foll 7439 TR AR (LDso)2 etofenprox
0.07~0.18 pg/bee “L2]1! flupyradifurone= 1~1.3 ug/bee
2 YERATH(Table 3).

L 38 -1)1'

2, o Thw o

oFA] A 1Y ¥, etofenprox 5,292 ppb 1|11
flupyradifurone 2,366 ppb©] AZE| T}, 252] AFA
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Fig. 1. Residual curves of etofenprox and flupyradifurone estimated from the exposure over time on the buckwheat plants in the greenhouse.

Table 3. Lethal concentration (LCso), lethal dose (LDso) and toxicity level of etofenprox and flupyradifurone to honeybees estimated from

contact and oral treatments

Toxicity class

Treatment Pesticides Hr after treatment LCso (ng/mL) LDso (ng/bee) (USEPA. 2012)
24 2217 0012 High
Etofenprox .
48 1.798 0.01 High
Contact
. 24 601 3.1 Moderate
Flupyradifurone 48 4409 24 Moderat
. : oderate
24 123 0.18 High
Etofenprox .
48 5.94 0.0891 High
Oral
. 24 80.7 13 High
Flupyradifurone .
48 63.13 1.008 High
e ARREs Ay BdE A=A (p<0.05). v 9% 2] AMYES Ko, 32k AHA A etofenprox 9%,
o FHOA AIZE o] whE ofA) ZhRFo E et flupyradifurone 8%, tHET 10%2] AFEES B+t 2,
9771+ etofenprox 1929 12|11 flupyradifurone 64 = 32} B kA A 2Lt Alo]R] ] Fo] W WA Q)
F4 190k Fig. 1), o $A1 02 felulg ol YT Table 4). 17} 28

3. HE|SH &Z ofe| M =4

B AYE2 12} AF Ol etofenprox 43%, flupyradi-
furone 16%, X7 19%2] AFES B2
of LEgH EHO APYEC] X2} flupyradifuronell
Y BEEET fousH & Ao ® Yyt 2
2F Aol A etofenprox 9%, flupyradifurone 8%, THE

™, etofenprox

of| A ket AFEE2 2219} 3219] AMYER T f-ofu|5)
Al =& 710 2 YR thH(Two-way ANOVA, p<0.001).
4, HE|ZE oM 84X = S wE

A A g 2 4 o] A
B 4L etofenprox &A= # 7} 99, 97, 69%,
flupyradifurone Aol AE= 242} 103, 98, 92% 12|11
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Table 4. Two-way ANOVA statistics for the caged honeybee mortalities placed on different heights (2, 9 and 15 m) after multicopter treat-
ments of pesticides (etofenprox and flupyradifurone) conducted 3 times with one-week interval

Pesticide Height Pesticide X Height
Spray
F-value p-value F-value p-value F-value p-value
First 833 <0.001 2.70 n.s 0.29 n.s
Second 1.07 n.s 0.04 n.s 0.92 n.s
Third 0.24 n.s 1.08 n.s 0.35 n.s

n.s: not significant

Table 5. Two-way ANOVA statistics for the honeybee colony developmental parameters after multicopter treatments of pesticides (etofen-
prox and flupyradifurone) conducted 3 times with one-week interval

Colony Pesticide Repetition Pesticide X Repetition
developments F-value p-value F-value p-value F-value p-value
Number of workers 1.18 n.s 2.50 n.s 2.67 <0.05
Brood 0.73 n.s 23.81 <0.001 042 n.s
Honey 0.08 n.s 4.50 <0.05 0.04 n.s
Pollen 391 <0.05 2.78 n.s 0.80 n.s
Weight 10.68 <0.001 164.22 <0.001 426 <0.001

n.s: not significant

iz AE 101, 101, 106% 2 LERGTE oA 22}
2pgeo]| g ztol= W EA] g ont ofA] A2} At
9] wo2rgo] Ql= A2 YERITH(Table 5). 32} 4
T ZARRE etofenprox®] A% 4= 22t A & XA}
etofenprox & 45 ¢t 32t X & 29| A5 4
oA Z+zt g-olulgt zto]7F A AThH(Two-way ANOVA,
p<0.05). & HA 2] HI-E-2 etofenprox 102, 126, 55%,
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771%= e o™ ofA] Ao ohE Zol= o 1
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ng/bee = FA L]t (Eu, 2013; Sanchez-Bayo and Goka,
2014; APVMA, 2019). Lewis et al. (2016)+> flupyradifurone
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